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Preface

Construction waste and safety are often perceived as two different issues by
construction practitioners in Australia as they are managed by two different teams
or persons in large construction sites. Nevertheless, the two issues are often put in
the same tool box talks everyday with probably ten times more on safety as
compared to waste. In Hong Kong, construction waste and safety are managed by
the same person in a small or medium-sized construction site. Or they may be
handled by two different teams if it is a mega project.

No matter how safety and waste are managed on sites, it is undeniable that there
are opportunity costs in construction waste and safety management. As resources
for managing safety and waste are limited, spending more on one item will leave
less for others. In view of the close relationship between these two, this book
perceives the issues from an economic perspective.

Chapter 1 studies the motivation behind sustainable construction waste man-
agement in Australia with regard to positive and negative incentives, goal setting
and hierarchy of needs theory. Chapter 2 reviews comments from scholars with
regards to construction and municipal waste in Hong Kong. Chapter 3 analyzes the
static digital information about the causes of construction accidents. Chapter 4
evaluates big data problems with respect to construction safety index. Chapter 5
perceives the use of mobile apps in construction safety knowledge sharing from an
institutional economic perspective. Chapter 6 reveals the supply and demand of
safety regulations in China, Nigeria, Kuwait, and Ghana. Chapter 7 provides an
analysis of construction safety motivations from the psychological perspective.
Chapter 8 conceptualizes the construction workers’ safety performance from safety
climate and social exchange perspectives.

Last but not least, the author would like to thank the Australia Government for
providing Endeavour Research Fellowship, which supports this book project.

Hong Kong, China and Adelaide, Australia Rita Yi Man Li

v

http://dx.doi.org/10.1007/978-3-319-12430-8_1
http://dx.doi.org/10.1007/978-3-319-12430-8_2
http://dx.doi.org/10.1007/978-3-319-12430-8_3
http://dx.doi.org/10.1007/978-3-319-12430-8_4
http://dx.doi.org/10.1007/978-3-319-12430-8_5
http://dx.doi.org/10.1007/978-3-319-12430-8_6
http://dx.doi.org/10.1007/978-3-319-12430-8_7
http://dx.doi.org/10.1007/978-3-319-12430-8_8


Contents

1 Sustainable Construction Waste Management in Australia:
A Motivation Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Solutions Initiated by the State Governments in Australia

to Reduce Waste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.3 The Urgency of Zero Waste: We are All Running

Out of Landfills . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.4 Zero Waste: A Legend, Myth, or Achievable Goal? . . . . . . . . . 5

1.4.1 Zero Waste Policy in Adelaide. . . . . . . . . . . . . . . . . . 7
1.5 Sustainable Construction Waste Management:

Building Cycle Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . 7
1.6 Motivations for Sustainable Zero Waste Construction

Waste Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.6.1 Incentive . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.6.2 Goal Setting Theory . . . . . . . . . . . . . . . . . . . . . . . . . 14
1.6.3 Hierarchy of Needs Theory . . . . . . . . . . . . . . . . . . . . 15

1.7 Research Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1.8 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

1.8.1 Sustainable Construction Waste Management. . . . . . . . 16
1.8.2 Construction Waste Reduction Should Be Building

Life Cycle Concept and Action . . . . . . . . . . . . . . . . . 26
1.8.3 Motivations of Sustainable and Zero Waste

Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
1.9 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

vii

http://dx.doi.org/10.1007/978-3-319-12430-8_1
http://dx.doi.org/10.1007/978-3-319-12430-8_1
http://dx.doi.org/10.1007/978-3-319-12430-8_1
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec9
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec9
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec10
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec10
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec11
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec11
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec12
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec12
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec13
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec13
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec14
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec14
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec14
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec15
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec15
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec15
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec19
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Sec19
http://dx.doi.org/10.1007/978-3-319-12430-8_1#Bib1


2 Scholars’ Comments and Criticisms on Construction
and Municipal Solid Waste Management in Hong Kong
and Singapore from 2000 to Present: A Review
of Digital Information Online . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
2.2 Sustainable Development. . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
2.3 A Global Perspective on Waste and Its Management . . . . . . . . 33
2.4 A Tale of Two Cities: Waste Management in Hong Kong

and Singapore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
2.5 Waste Statistics in Hong Kong and Singapore . . . . . . . . . . . . . 35
2.6 Digital Information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
2.7 Research Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
2.8 Similar Approaches of Construction Waste

and MSW Management in Hong Kong and Singapore . . . . . . . 39
2.8.1 Landfill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
2.8.2 Recycling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

2.9 Different Approaches of Construction and MSW Management
in Hong Kong and Singapore. . . . . . . . . . . . . . . . . . . . . . . . . 42
2.9.1 Incineration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

2.10 Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

3 A Content Analysis on Static Digital Information
About the Causes of Construction Accidents . . . . . . . . . . . . . . . . . 47
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
3.2 The Costs of Construction Accidents . . . . . . . . . . . . . . . . . . . 49
3.3 Digital Information: A Technical Perspective . . . . . . . . . . . . . . 49
3.4 Research Method: Content Analysis . . . . . . . . . . . . . . . . . . . . 49
3.5 Data Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
3.6 Causes of Construction Accident . . . . . . . . . . . . . . . . . . . . . . 52

3.6.1 Workers’ Characteristics . . . . . . . . . . . . . . . . . . . . . . 52
3.6.2 Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
3.6.3 Site Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.6.4 Time of Accidents . . . . . . . . . . . . . . . . . . . . . . . . . . 55
3.6.5 Immediate Direct Causes Which Lead to Accidents . . . 55

3.7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

4 Relevant Data in the Rising Tide of Big Data: A Text-Mining
Analysis in Construction Safety Index . . . . . . . . . . . . . . . . . . . . . . 61
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
4.2 The Importance of Academic Article Visibility. . . . . . . . . . . . . 62
4.3 The Rise and Problem of Big Data . . . . . . . . . . . . . . . . . . . . . 64
4.4 Indices Construction Method . . . . . . . . . . . . . . . . . . . . . . . . . 64

viii Contents

http://dx.doi.org/10.1007/978-3-319-12430-8_2
http://dx.doi.org/10.1007/978-3-319-12430-8_2
http://dx.doi.org/10.1007/978-3-319-12430-8_2
http://dx.doi.org/10.1007/978-3-319-12430-8_2
http://dx.doi.org/10.1007/978-3-319-12430-8_2
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec9
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec9
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec11
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec11
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec13
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec13
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec13
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec14
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec14
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec16
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Sec16
http://dx.doi.org/10.1007/978-3-319-12430-8_2#Bib1
http://dx.doi.org/10.1007/978-3-319-12430-8_3
http://dx.doi.org/10.1007/978-3-319-12430-8_3
http://dx.doi.org/10.1007/978-3-319-12430-8_3
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec9
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec9
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec10
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec10
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec11
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec11
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec14
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Sec14
http://dx.doi.org/10.1007/978-3-319-12430-8_3#Bib1
http://dx.doi.org/10.1007/978-3-319-12430-8_4
http://dx.doi.org/10.1007/978-3-319-12430-8_4
http://dx.doi.org/10.1007/978-3-319-12430-8_4
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec4


4.5 Research Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
4.6 Research Results and Discussion . . . . . . . . . . . . . . . . . . . . . . 67
4.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

5 An Institutional Economic Analysis on Construction Safety
Knowledge Sharing and E-Learning via Mobile Apps . . . . . . . . . . 75
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
5.2 Knowledge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
5.3 E-Learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
5.4 M-Learning: The Post E-Learning Era. . . . . . . . . . . . . . . . . . . 79

5.4.1 The Potential of M-Learning: A Glance at Our
Fast Growing Market . . . . . . . . . . . . . . . . . . . . . . . . 80

5.4.2 Mobile Learning Worldwide . . . . . . . . . . . . . . . . . . . 80
5.5 Transaction Costs, M-Learning and E-Learning . . . . . . . . . . . . 80
5.6 Mobile Apps for Construction Safety . . . . . . . . . . . . . . . . . . . 81
5.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

6 Supply and Demand of Construction Safety Regulations
in Developing Countries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
6.2 Demand of Construction Safety Measures in Developing

World . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
6.3 Supply of Construction Safety Regulations in Developing

Countries. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97
6.3.1 Nigeria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
6.3.2 China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
6.3.3 Ghana. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
6.3.4 Kuwait . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

6.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

7 Construction Safety Motivations in Hong Kong:
A Psychological Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
7.2 Motivation: A Psychology Perspective . . . . . . . . . . . . . . . . . . 112

7.2.1 Hierarchy of Needs Theory . . . . . . . . . . . . . . . . . . . . 113
7.2.2 Two Factor Theory. . . . . . . . . . . . . . . . . . . . . . . . . . 113
7.2.3 Expectancy Theory . . . . . . . . . . . . . . . . . . . . . . . . . . 114
7.2.4 Theory X and Y. . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
7.2.5 Hawthorne Investigations . . . . . . . . . . . . . . . . . . . . . 116
7.2.6 Acquired Needs Theory . . . . . . . . . . . . . . . . . . . . . . 116
7.2.7 Goal Setting Theory . . . . . . . . . . . . . . . . . . . . . . . . . 117

Contents ix

http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_4#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Bib1
http://dx.doi.org/10.1007/978-3-319-12430-8_5
http://dx.doi.org/10.1007/978-3-319-12430-8_5
http://dx.doi.org/10.1007/978-3-319-12430-8_5
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec9
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Sec9
http://dx.doi.org/10.1007/978-3-319-12430-8_5#Bib1
http://dx.doi.org/10.1007/978-3-319-12430-8_6
http://dx.doi.org/10.1007/978-3-319-12430-8_6
http://dx.doi.org/10.1007/978-3-319-12430-8_6
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec12
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec12
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec17
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec17
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec22
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Sec22
http://dx.doi.org/10.1007/978-3-319-12430-8_6#Bib1
http://dx.doi.org/10.1007/978-3-319-12430-8_7
http://dx.doi.org/10.1007/978-3-319-12430-8_7
http://dx.doi.org/10.1007/978-3-319-12430-8_7
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec9
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec9
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec10
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec10


7.3 Application of Psychological Theories on Construction
Safety Motivation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

7.4 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120

8 A Conceptual Study of Construction Workers’ Safety Performance
from Safety Climate and Social Exchange Perspectives . . . . . . . . . 123
8.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
8.2 Safety Performance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125
8.3 Organisation Climate, Safety Climate and Safety

Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
8.4 Social Exchange, Perceived Organisation Support, Leader

Member Exchange and Safety Behaviour . . . . . . . . . . . . . . . . 129
8.4.1 Social Exchange Theory (SET) . . . . . . . . . . . . . . . . . 129
8.4.2 Perceived Organizational Support (POS) . . . . . . . . . . . 130
8.4.3 Leader Member Exchange (LMX) . . . . . . . . . . . . . . . 131

8.5 Discussion and Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . 132
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

x Contents

http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec11
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec11
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec11
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec12
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Sec12
http://dx.doi.org/10.1007/978-3-319-12430-8_7#Bib1
http://dx.doi.org/10.1007/978-3-319-12430-8_8
http://dx.doi.org/10.1007/978-3-319-12430-8_8
http://dx.doi.org/10.1007/978-3-319-12430-8_8
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec1
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec2
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec3
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec4
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec5
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec6
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec7
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Sec8
http://dx.doi.org/10.1007/978-3-319-12430-8_8#Bib1


Chapter 1
Sustainable Construction Waste
Management in Australia: A Motivation
Perspective

Rita Yi Man Li and Huibin Du

Abstract Construction industry is one of the industries that generates and dumps
heaps of waste to landfill. In Australia, about 40 % of the construction and demolition
waste is disposed to landfill. Hence, state governments in Australia have initiated
various strategies which aim to reduce construction waste. These include levy on
construction waste and various proposals of zero waste strategies. Hence, some of the
companies reduce, reuse and recycle the construction waste to reduce the amounts
of landfill payment. Nevertheless, is monetary expenditure the only effective
motivation factor which lead to a reduction in construction waste? Is there any other
motivation factors which sucessfully power waste reduction? There are three major
contributions in this chapter: (1) it perceives the idea of sustainable construction
waste from whole building cycle perspective instead of construction and demolition
stage alone. (2) It reviews the construction companies, contractors, government
sectors and materials manufacturers’ sustainability issues in Australia’s construction
industry from economics, social and environmental perspectives. (3) It examines the
motivation of these companies in sustainable construction waste management under
the lens of positive and negative incentive, goal setting and hierarchy of needs theory.
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1.1 Introduction

The creation of waste pollutes the environment and creates an economic burden on
land. Waste leads to an unnecessary loss of natural resources, such as water and
embodied energy. The natural resources depletion can only be avoided or reduced
via sustainable consumption and strategic waste management based on resource
recovery, waste avoidance and efficient material use with less embodied energy.
In essence, we aim to reach the target of zero waste where there will be no waste via
various transformation and material recycle (Lehmann et al. 2013). Some state
governments in Australia have already realised the urgent need to reduce
construction waste. For example, the South Australia government has set up a new
government branch Zero Waste SA which aims at reaching the goal of zero waste
(Table 1.1).

Among all the industries or economic sectors, construction industry has always
been identified as one of the major contributors to environment degradation and
pollution (Tam and Tam 2008; Lu and Yuan 2011). It generates lots of waste as
evidenced in an expansive body of literature. In Australia, the construction and
demolition sector generates 38 % of waste (Australia Bureau of Statistics 2010). In
Ireland, over 90 % of non-agricultural waste is construction and demolition waste
with more than 7 million metric tons of waste is disposed each year (Laefer and
Manke 2008). In China, it produces around 30 % of the world’s municipal solid
waste. Of which 40 % are generated from construction activities (Lu and Yuan
2010).

The construction waste has led to huge negative environmental externality,
i.e. the environmental problems generate by the sector itself is borne by the third
party (Li 2012b). Its negative impacts include noise pollution, land deterioration and
depletion, consumption of non-renewable natural resources, energy consumption,
dust and gas emission (Lu and Yuan 2011). Moreover, the industry generates lots of
solid waste every year. The offcuts from construction, unused construction materials
such as steel, wood, tile, floor slab etc. always end up in landfill. Hence, it is high
time to consider means to manage the construction waste in a sustainable manner.
In construction sector, modular prefabrication and digital fabrication, provision
of adequate storage space, integrated chain management policies, lightweight
construction, improvement in staff training, design for re-use and recycling are some
of the examples which reduce the natural resources depletion (Lehmann et al. 2013;
Al-Hajj and Hamani 2011; Bossink and Brouwers 1996).

This chapter begins with an analysis on Australia state governments’ strategies
in waste reduction, followed by a discussion on the idea of zero waste, sustainable
construction waste management from building life cycle perspective, motivation
theories and an analysis on construction companies’ strategies from economic,
social and environment perspective and their motivations to work towards
sustainable waste management.
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1.2 Solutions Initiated by the State Governments
in Australia to Reduce Waste

In Australia, various state governments have initiated a number of projects and
proposed a number of suggestions to the industry with regards to waste reduction,
reuse and recycle. For example, Australian Capital Territory’s government
encourages construction demolition waste on-site reuse (ACT Government 2012).
In Western Australia, the Master Builders Association Western Australia partners
with the Waste Authority to provide MBAWA members with information and tools

Table 1.1 Construction waste policy 2014 in different states in Australia

State Government department The name of the document

New South
Wales

The NSW Environment Protection
Authority (EPA) (2007)

http://www.epa.nsw.gov.au/warr/
WARRStrategy2007.htm

NSW Government (2010)

New South Wales (2014) http://www0.health.nsw.gov.au/
aboutus/strategicplanning/strategic-
planning.asp

Roads and Maritime Services
(2014)

http://www.rms.nsw.gov.au/index.
html

Victoria Sustainability Victoria (2014) http://www.sustainability.vic.gov.au

EPA Victoria (2014) http://www.epa.vic.gov.au

VicRoads (2014) http://webapps.vicroads.vic.gov.au/
VRNE/csdspeci.nsf

Metropolitan Waste Management
and Resource Recovery Group
(2014)

http://www.mwmg.vic.gov.au/

Queensland Queensland Government (2014) http://www.derm.qld.gov.au

South
Australia

Government of South Australia
(2014)

http://www.zerowaste.sa.gov.au/
upload/facts-sheets/construction_
demolition_3.pdf

Western
Australia

Waste Authority (2014) http://www.wasteauthority.wa.gov.au/
programs/partners/strategic-
partnerships/strategic-partner-mba

Tasmania Environment Protection Authority
Tasmania (2014)

http://epa.tas.gov.au/policy

Taswaste (2014) http://www.taswaste.com

Australian
Capital
Territory

ACT Government (2014) http://www.environment.act.gov.au

=“top” ACT Government (2010) http://www.environment.act.gov.au/
__data/assets/pdf_file/0009/576909/
23_Butt_Free_Australia.pdf

Northern
Territory

Northern Territory Environment
Protection Authority (2014)

http://www.ntepa.nt.gov.au
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to reduce waste and increase recycle. They serve for sub-contractors, commercial
builders, home builders, suppliers and consultants in commercial and residential
sectors. The construction waste management in projects include:

• Educate contractors on how and where to recycle and reuse by conducting site
visit on construction site across the Perth and Peel regions;

• Sponsor a number of awards to provide positive recognition and incentives to
industry leaders who commit and initiate long-term cultural change in waste
reduction and recycle;

• Develop a waste management guide for subcontractors and builders which help
resource recovery with a directory of recycling facilities and a template of waste
management plan (Waste Authority 2014).

In South Australia, the Government of South Australia (2014) suggests that
contractors can reduce waste by:

• Using prefabricated and standardised building materials such as timber, plas-
terboard and bricks to reduce offcuts waste and costs for waste management and
dumping;

• Including a waste minimisation plan in their contracts;
• Reusing or recycling materials;
• Recovering as much material as possible, for example, using construction

materials from the demolished structure.

1.3 The Urgency of Zero Waste: We are All Running Out
of Landfills

Many cities produce large amounts of waste every day and we are all facing the
issue of insufficient landfill space. In spite of the differences in living density, the
problem worldwide is surprisingly similar. In the European Union, legislators from
Brussels find that the disposal of garbage in landfill sites is getting expensive and
there is an increase in pressure to re-use and recycle. San Francisco and Sydney has
enough landfill capacity to last until 2014. Beijing will run out of landfill sites in the
coming 3 years. As existing landfills in New Delhi will be full soon, New Delhi
opens a new landfill site. In view of all the above examples, the idea of zero waste
suggest that by way of various construction management strategies, coupled with
the 3Rs, i.e. reuse, recycle and reduce, there should not be any building debris and
off cuts end up in landfills. Likewise, manufacturers of the construction materials
have to make sure that the composition of materials such as concrete and pipes can
be reused or recycled to increase the level of sustainability of their products. To
make it easier for architects to specify the materials according to their impact due to
waste creation from the production process or material extraction, information
about the various materials and components should be made publicly available.
After all, there is a growing consensus that waste which includes construction waste
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on sites during construction and demolition process, should be treated as valuable
resource and nutrition. Dumping waste into landfill is a failure to design sustainable
and recyclable processes and products (Lehmann 2010).

1.4 Zero Waste: A Legend, Myth, or Achievable Goal?

Waste includes any garbage, trash, abandoned or refuse materials which do not have
any economic value or functions to anybody who knows its existence. Consequently,
the owner has to discard it to landfill. Therefore, the definition of “waste” varies and
depends on different perceptions from different persons (Zaman and Lehmann 2011).
A “waste” to us may be a valuable resource to the others, so long as there is an
appropriate knowledge and infrastructure exists to realize this inherent value (Leh-
mann et al. 2013). For example, we may discard a Coca Cola can as waste, however,
another can collector may grab it into his bag (Fig. 1.1). From this perspective, waste
is a product of resource misallocation (Lehmann et al. 2013), the problems of
asymmetric information (different people have different information) (Li 2012a,
2014a) such that the waste owner dispose waste instead of giving it to somebody who
needs it. It may also argued as a problem of transaction costs which is proposed by
Coase which include the costs of sharing the information (turning waste to resource)
and negotiating (Li 2008, 2014b). Sometimes, we may even argue that waste should
be replaced by the word “resource” (Lehmann 2010).

The idea of “zero waste” was firstly coined and used by Paul Palmer in 1973 who
recovered resources from chemicals. Although there is no consensus on the definition
of “zero waste” concepts (Zaman and Lehmann 2011). Zaman and Lehmann (2011)
suggest that a zero waste city should recycle 100 % of waste and recover 100 % of all

Fig. 1.1 A lady who is
collecting the “rubbish” in
Rundle Mall (Adelaide, South
Australia)’s garbage bin to her
bag (author’s photo)
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the resources from waste materials. Zero Waste International Alliance suggests that
zero waste is the products and processes design and management which systemati-
cally avoid and eliminate the waste of materials so as to conserve and recover all the
resources. The concept of zero waste includes a variety of concepts that have been
developed for sustainable waste management systems: reduce, reuse, redesign, repair,
regenerate, remanufacture, recycle, resell (Fig. 1.2), zero waste dispose to landfill and
waste incineration. Thus, zero waste design principle goes beyond recycle which
focuses firstly on waste reduction, products reuse and finally recycle and compost the
remaining materials. The major barriers to zero waste include the lack of community
willingness to pay, lack of consistency in legislation across the states, short term
thinking of producers and consumers and the attitude that the cheapest offers get
commissioned. The level of waste generation is higher in high-consuming cities as
compared to low-consuming cities (Zaman and Lehmann 2011). Nevertheless, there
are some barriers which lead to difficulty in realising zero waste. For example:

• Producers and consumers’ short term thinking: the costs of dumping to landfill
may be cheaper than reuse and recycle;

• Lack of consistency in legislation across different states: the inconsistency in
legislation across different states in a county provides loopholes to waste
generators to dump waste from one city to another city in another country. For
example, when there is landfill charge in city A but not city B, waste generators
may transport the waste to city B, leading to the failure in zero waste policies;

• The cheapest contractors’ tender may successfully bid for the construction
projects. Nevertheless, the relative cheap price may be due to

• Lack of community willingness to pay: as recycle and reuse may incur extra costs,
some of the contractors, especially the small and medium size companies may not
engage in various construction waste management strategies (Lehmann 2011)
(Table 1.2).

Avoid

Reduce

Reuse

Recycle

Recover

Treat

Dispose

Fig. 1.2 Actions to achieve
zero waste (Lehmann et al.
2013)
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1.4.1 Zero Waste Policy in Adelaide

After 5 years’ work and development, South Australia government has produced
the Draft South Australia’s Waste Strategy 2010–2015 to realise the goal of zero
waste. The strategy offers guidelines for South Australia’s waste avoidance, recycle
and waste. The strategy throws light on two objectives:

(1) To maximize the value of resources, and
(2) To reduce and avoid waste generation (Lehmann 2010).

As the two objectives are interrelated, some actions in the strategy are applicable
to these two objectives. They include the newly proposed targets for construction
and demolition, industrial, commercial and municipal solid waste. Funded by levies
from landfills, Zero Waste SA was established in 2003, it is one of the few
government agencies which advocate zero waste at the forefront of waste avoidance
in the World (Lehmann 2010).

1.5 Sustainable Construction Waste Management: Building
Cycle Perspective

Sustainable development highlights the importance of the co-development of
environment, social and economics (Li 2011; Li and Ah Pak 2010) (Fig. 1.3).
The idea rests on the notion that the activities of our present generation should

Table 1.2 Strategies used to achieve the goal of reduce, reuse, recycle, avoid waste production,
treat and dispose the waste in a sustainable manner (Lehmann et al. 2013)

Major types of zero waste strategies
in our city

Major actions involved

Awareness, education and research Zero waste program

Education

Zero waste research

Sustainable consumption and
behavior

Collaborative consumption, behavior change and
sustainable living

New infrastructure and system
thinking

New infrastructure, technologies and zero waste
governance

Transformed industrial design Cradle-to-cradle design, cleaner production and
producer responsibilities

100 % recycle and recovering Reduce, repair/reuse, recycle/recovery

Zero depletion, policies and
legislation

Zero landfill and incineration legislation, incentives

1.4 Zero Waste: A Legend, Myth, or Achievable Goal? 7



not adversely affect the future generations. From this perspective, sustainable
construction waste management should not focus on environmental perspective
alone but to strike a balance between economics, social and environment. Although
many of the research sheds light on construction waste management, they mainly
focus on the construction process. Nevertheless, we should view the issue from the
whole building life cycle perspective (Tables 1.3, 1.4 and 1.5).

1. Wrong inception will lead to unnecessary demolition during construction stage;
2. Poor design which lack of future foresight will lead to premature demolition/

renovation in occupancy stage;
3. Poor construction waste management, for example, insufficient communications

between workers may lead to excessive offcuts during construction phrase;
4. Poor building usage will bring an early end to the building (for example, a

building was collapsed due to retrofit workers accidentally demolish part of the
building structure in Hong Kong is one of the vivid example);

5. Poor demolition plan and work may lead to insufficient waste to be reused in the
future. For example some of the used glass may be recycled; part of the building
materials can be used in the newly constructed building.

In the same vein, the document prepared by Edge Environment Pty Ltd (2012)
suggested that sustainable construction waste management should not solely focus
on the construction or demolition stage. The ideal construction waste management
should encompass the whole building life cycle which includes project inception,
design, construction, operation and demolition stage. Details of how the
construction waste management from whole building life cycle perspective are
illustrated in Table 1.5.

Economics

SocialEnvironment

Fig. 1.3 The three major
elements in sustainable
development (Li 2011)
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Table 1.3 Economic considerations in building life (Edge Environment Pty Ltd 2012)

Project inception stage

Supply and demand Local, regional, national, and global’s market supply and
demand of similar products/projects at present and in the
future

Market forecast Market size, price, marketing strategies, and marketing
targets

Scale and business scope Project scale and the business scope which affect project
profitability

Effects on local economy A project should take advantage of the infrastructure in the
local economy to generate economic benefits and serve the
local economy in return

Life cycle cost analysis The total cost for building-up, operating, maintaining, and
disposing a construction project over its life

Life cycle profit analysis The total profit arise from project life cycle

Capital budget Capital budget should include project total cost planning and
controlling

Finance plan Project finance schedule should be included

Investment plan Arrangement of a cash plan, liquid and fixed capital for
investment at project inception stage

Employment The project should provide local employment opportunities

Project design stage

Consideration of life cycle
cost

Consider the total cost involved in project life cycle,
including site formation, construction, operation, mainte-
nance cost and demolition cost

Project inception stage

Materials choice Economy, durability and availability for material selection

Project construction stage

Loan interests The interests for capital cost paid for liquid capital and a
fixed loan

Opportunity cost Liquid and fixed capital for the project will lead to the lose in
opportunities in other projects

Labor cost Salaries paid to general construction workers, stonemasons,
pipe-liners etc.

Professional fees Fees that are paid to various professionals and consultants
such as environmental, engineers, ecological, legal and
geological experts

Materials cost Costs for all types of materials such as lime, concrete,
timber, steel and bamboo

Energy cost Costs for various types of energy such as oil, electricity, coal
and gas

Water cost Costs for water resources such as surface water, and ground
water

Equipment cost Costs for various tools, tower cranes and vehicles

Equipment purchase cost Costs for various equipment such as escalators, elevators,
HVAC systems and plants

(continued)
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Table 1.3 (continued)

Installation cost Costs for all kinds of equipment and facilities installation

Direct employment Provisions of job opportunities from implementing project to
local labour market, such as construction workers, engineers
and professionals

Indirect employment The up-and-down stream industries and services to
construction employment

Project operation stage

Distribution of project income Paybacks, dividends and reinvestment

Balance sheet from project
operation

Develop a balance sheet to check with the project time and
cost

Labour cost Salaries for engineers, workers, managerial staff and
professionals

General expenses Daily consumables, water, gas and electricity

Materials cost Various materials for project maintenance and operation

Logistics costs Materials stock costs, transportation and procurement

Marketing costs Resource investment for promotion, advertising and market
analysis

Training costs Training staff for human resources quality improvement

Local economic environment
improvement

The project should benefit the local society economically

Direct job opportunities in
project operation

Employment costs for managers, professionals and workers

Indirect job opportunities Job opportunities associated with along up-and-down stream
industries during project operation

Demolition stage

Labour cost Planning, managing and operating project demolition’s
human resources

Energy for
demolition procedures

Cutting, transferring and moving the materials produced
from demolition site

Costs for waste disposal Loading and unloading waste, transportation and charges for
disposals

Compensation Affected stakeholders’ compensation during demolition

Deployment or dissolution of
project staff

Provision of pensions, unemployment compensation

Compensation paid for the
polluted environment

Compensation paid to the local residents for the damaged
environment land, water, and ecosystems

Land redevelopment’s value The land value after demolition for re-development

Residual value Valuable residues, such as brick, glass, equipment, steel,
timber for recycle and reuse

Land for new development Provision of land upon project demolition completion to
enable new projects’ implementation according to the
demand of local community

Employment opportunity Provision of employment opportunity during demolition for
site work, transportation and disposal

10 1 Sustainable Construction Waste Management in Australia …



Table 1.4 Environmental considerations in building life cycle

Environment

Project inception stage

Land use The land selection for the project should protect natural resources
and cropland

Eco-environment sensitivity Avoiding as much as possible the adverse impacts on surroundings
near the project

Ecological assessment Examining potential ecological benefits and risks associated with the
proposed project

Air assessment Access the potential air pollution from the proposed project and the
impact on local climate

Water assessment Examine the potential water pollution from the proposed project,
including project’s consumption on water resources, surface and
ground water

Noise assessment Access the potential noise pollution during construction and
operation

Waste assessment Examine waste generation in construction and operation

Project design stage

Designer Knowledge in energy savings and environmental issues

Environmental design Incorporate all the environmental considerations into project design
for demolition, construction, recycling, disposal and operation

Modular and standardized
design

Use of standardized and modular components to enhance buildability
such that waste generation can be reduced

Land use pollution Utilize the land effectively to avoid land pollution

Natural habitat destruction Protect the environment for animals and human

Air emission and pollution Generation of SO2, NO2, NO, CO2, CO

Noise pollution Vibration and noise induced from the project

Water pollution and
discharges

Release of organic pollutants and chemical waste to water ways

Waste generation Waste produced from the project

Comfort disturbance Impact on the balance of ecosystem and people’s living environment

Energy and resource
consumption

Resources consumption and energy saving which includes electricity
and water

Using renewable materials Using typical renewable and reproducible materials such as wheat
straw cabinetry, cork, fast-growing poplar, bamboo

Ozone protection Reduce the release of hydro-chlorofluorocarbons and chlorofluoro-
carbons and hence protect the Ozone layer

Off-site prefabrication Reduce on-site construction waste

Material reuse Reuse of building components such as earth, rubble, steel, timber and
concrete

Structural operations Consideration being given to the reduction of earthwork and
excavation, formwork, reinforcement, concreting and waste treatment
during structural operation

Internal and external
operations

Control environmental impacts from waste treatment, roofing,
walling, painting, insulation, plumbing and drainage, landscaping
and component installation

(continued)

1.5 Sustainable Construction Waste Management … 11



Table 1.4 (continued)

Environment

Project organization Environmental management task force, resource coordination,
supervision and cooperation culture

Environmental resource
management

Resource inputs for implementation of environmental management
such as plant, labour, finance and material

Organizational policy Establishment of environment management system, application of
environmental management standards such as ISO 14000, project
manuals, programs, progress control reports

Environmental
management information
communication

Managing project environment information via information
management facilities and management expertise

Environmental management
technology

Environmental experts and management facilities, resource and
energy saving technology, pollution and waste reduction technology

Environmental regulations Environmental protection regulations and law on construction
activities

Project operation stage

Land contamination Release of chemical wastes via landfills and dumping

Air pollution Air pollutants generation such as NO2, NO, SO, CO2 and CO

Water pollution Organic pollutants and chemical wastes release to water ways

Noise pollution Vibration and noise generated by occupants

Waste generation Wastes produced by occupants

Ecological impacts Negative impacts generated by occupants to flora, ecosystems and
fauna

Various energy consumption Electrical, lighting and other energy appliances’ energy consumption

Water consumption Water used for heating, hygiene and cooling

Raw material consumption Use of non-renewable and renewable raw materials

Staff’s environmental aware-
ness training

Provide training and education programs to different levels of
employees

Environment friendly facili-
ties management

Improve facilities’ productivity, reduce pollutant generation and
resource consumption

Demolition stage

Demolition plan Plan on waste and hazard materials’ recycle or reduction

Demolition control Control and supervision on the demolition activities to protect the
environment

Environmental friendly
demolition

Adoption of technologies to maximize reusing and recycling waste,
alleviate the adverse impact on eco-environment systems and
neighbourhood

Environmental
information and policy
Communication

Knowledge about legislations, regulations, environmental techniques
and environmental policies

Waste classification Good classification of demolition wastes for effective disposal and
treatment

Special waste treatment Special treatment given to radioactive chemicals, heavy metals, toxic
materials that are released from demolition

Waste reuse and recycle Recycling and reclaiming the useful materials such as timber, steel,
glass, brick and some equipment

12 1 Sustainable Construction Waste Management in Australia …



Table 1.5 Social considerations in building life cycle

Social

Project inception Stage

Land use Considering that the land selection for project site should
protect cropland and natural resources

Conversion of cultural and
natural heritage

Reduce negative impacts from project development on any
cultural heritage

Infrastructure capacity-
building

The project improves local infrastructure capacity, such as
power, drainage, sewage, road, transportation, dinning,
communication, recreation, education, shopping, financing
and medical

Community amenities Any future safety risks to the project users and public should be
identified

Project design stage

Project layout Standard dimension as required in design specifications

Safety design Design for emergencies such as fire, earthquake, eco-environ-
mental accidents and flood

Security consideration Security alarm and security screen installation

Life cycle design Effective communications among government officers, clients,
designers, environmental professionals to ensure that all the
environmental requirements are incorporated into design

Construction stage

Site security Various site safety measures

Construction safety Safety facilities, measures and insurance for staff

Public safety Provision of signal systems, facilities, warning boards and
safety measures for the general public

Improvement of
infrastructure

Provision of better sewage, drainage, heating, message,
electrical systems and road

Infrastructure burden Extra demand for road, water, services, space and energy for
the project

Health and safety risks Ensure on-site safety and health by providing on-site training
programs to employees and supervision so as to reduce the
number of accidents

Health and safety Provision of safety and health care safety facilities, emphasize
on-site hygiene

Project operation stage

Provision of services Benefits of local communities’ living standard improvement

Provision of facilities Provision of facilities and space which benefits local’s
development

Demolition

Operational safety Labors and the public’s safety risks during project demolition
from dismantling, explosion, radioactive and toxic materials

Communication to the
general public

Enhance general public’s awareness on project demolition’s
impacts
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1.6 Motivations for Sustainable Zero Waste Construction
Waste Management

1.6.1 Incentive

Positive incentive motivation encompasses positive mood valence, increase energy
and activation. Such states of positive activation are characterized by feelings of
desire, enthusiasm, want, excitement, achievement, energy, elation and potency
(Morrone et al. 2000). In general, these incentives may be distributed to groups or
individuals (Forno and Merlone 2010). Previous literature evidences that many of
negative incentive often related to extra costs (in terms of monetary and
non-monetary expenditures. For example, Guo and Sun (2014) suggest to adopt
congestion pricing. In the same vein, Theory X suggests that men have to be
directed, forced and threatened with penalty for achieving certain organizational
objectives (Li 2009; Li and Poon 2009) (Table 1.6).

Previous construction waste research shows that there are many different types of
punishment and rewards which enhance workers’ awareness of the financial and
environmental aspects of 3Rs, i.e. reuse, recycle and reduce. In terms of positive
strategies, a few scholars suggest that reward schemes successfully motivate con-
struction workers in waste reduction. Financial benefits can be gained by adopting
waste-minimization strategies to reduce landfill levy and material costs. Special
reward programs are found to be effective and have been used as a performance-
dependent monetary reward system in the construction industry. Some organizations
penalise their subcontractors by withholding payment if the environmental perfor-
mance is unsatisfactory (Tam and Tam 2008).

1.6.2 Goal Setting Theory

Goal-setting theory suggests that goals serve as a reference standard in cognitive
comparison process of self-satisfaction and evaluation (Hsiaw 2013). It suggests
that goals serve as a standard in cognitive comparison process of self-satisfaction
and fullfilment (Hsiaw 2013). The current pool of literature suggests that, to
increase the likelihood of successful achievement in some goals so as to achieve the
optimal level of performance, these goals should be:

(1) The level of difficulty is challenging but can be achieved (Edward and
Clenney 2012);

(2) They are specific (Smith et al. 2013).

14 1 Sustainable Construction Waste Management in Australia …



1.6.3 Hierarchy of Needs Theory

The validity of Hierarchy of needs theory has been highlighted in Noltemeyer et al.
(2012) which is quoted from Maslow’s paper (1943) “[i]t is quite true that man lives
by bread alone—when there is no bread. But what happens to man’s desires when
there is plenty of bread and when his belly is chronically filled? At once other (and
“higher”) needs emerge and these, rather than physiological hungers, dominate the
organism. And when these in turn are satisfied, again new (and still “higher”) needs
emerge and so on. This is what we mean by saying that the basic human needs are
organised into a hierarchy of relative prepotency” (Fig. 1.4).

As Hierarchy of needs theory accurately describes human motivation, it has
always been identified as one of the most powerful instrument to explain why
somebody will do something or are propelled to do something. Nevertheless, the
lack of empirical testing, vagueness of the concept have become some of the major
criticisms of the theory (Saeednia and Nor 2013).

1.7 Research Method

The research method for this chapter is content analysis. The first content analysis
was used in the 1950s and was predominately quantitative at that time. Later, the
technique includes the interpretations of latent content where similar information is
categorised into different groups according to the meaning of the content to create
systematic and objective criteria for analysing symbolic content of the documents (Li
2013). Kassarjian (1977) posits that it is a process of information processing where

Self-actualization

Self-esteem

Sense of belonging

Safety and security

Physiological

Fig. 1.4 The hierarchy of
needs theory (Gambrel and
Cianci 2003)
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written communications is transformed via systematic and objective rules of cate-
gorisation, such that we can summarise the data for comparison. In this chapter, we
categorize the 15 case studies from Edge Environment Pty Ltd (2012) according to

(1) Types of sustainable construction management activities;
(2) The three major criteria in sustainable development (economics, social and

environment);
(3) Motivation to engage in sustainable construction waste management activities.

1.8 Results

1.8.1 Sustainable Construction Waste Management

Table 1.6 shows the 15 case studies in Australia which studies the possibility for the
co-development in social, economic and environmental aspect in construction
projects and materials production companies which aim to reduce construction
waste. It is found that quite a number of these case studies can attain the win-win-
win economic, social and environment development, e.g. Ontera Modular Carpets,
Fairfield City Council Sustainable Resource Centre, Fletcher and CSR Gyprock™
etc. (Edge Environment Pty Ltd 2012).

From economic perspective, sustainable zero waste activity does not necessary
leads to high costs. Some of them evidence that the sustainable action may even
lead to higher economic profit as home-buyers prefer to purchase residential units
from builders who use products with low environmental impact and recycle as
reported in CSR Gyprock™—a gypsum board take-back scheme. From social
perspective, it may enhance public health and safety. For example, PIPA recycling
scheme recycles PVC, reduces PVC in landfill site so as to lower the health risks of
the potential PVC fire in landfill. Some of the companies find that engaging
sustainable building activities can achieve corporate social responsibility (CSR).
For example, Fletcher finds that when the company turns the used glass to insu-
lation materials, it achieves the corporate social responsibility to produce a product
from a high proportion of post-consumer materials. Built Environs’100 Hutt Street
project in Adelaide also considers sustainable construction waste management as a
kind of Corporate Social Responsibility. From environment perspective, it helps
reduce landfill pressure, e.g. PIPA recycles PVC pipe, Waverley Council recycle
glass recycle timber, the Hazelmere Timber Recycling Centre and James Hardie
Industrial Ecology Initiative recycle timber, Ontera carpet re-collects and reuses the
used carpet (Edge Environment Pty Ltd 2012). Some of them, however, fail to
benefit from economic saving. For example, the Old Leura Dairy Buildings project
reports an increase in construction costs (Edge Environment Pty Ltd 2012).
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1.8.2 Construction Waste Reduction Should Be Building Life
Cycle Concept and Action

The research results also show that waste reduction can be done in various stages of
the building life cycle which includes construction, occupation and demolition
phrases. For example, in construction demolition and retrofit stage, Fletcher uses
used glass from the waste stream to make glass wool insulation. In construction
stage, The Vinyl Council of Australia works with Armstrong Australia Collect
end-of-life and off-cuts flooring to make new PVC flooring. Fairfield City Council
used 95 % recycled concrete load-bearing foundation slab a sustainable community
building In occupation stage, Ontera Modular Carpet recollected the old and used
carpet for reuse (Edge Environment Pty Ltd 2012). In building refurbishment, 80 %
of the building materials are reused or recycled in Trevor Pearcey House project.

1.8.3 Motivations of Sustainable and Zero Waste
Management

1.8.3.1 Incentive Theory Perspective

Many companies are of the view that the landfill costs are one of the major
motivation which motivates them to reduce waste via certain methods. On top of
the land fill charged by the operators, an additional charge levied by the state and
territory jurisdictions may also be possible. In New South Wales, the government’s
Section 88 Landfill Levy charges are applicable to regulated area. They motivate
the industry manufacturers and contractors to re-use and recycle more materials in
the construction industry. Moreover, as making new construction materials need
extra energy and given the rising trend of electricity prices, e.g. AGL in Adelaide
has already announced the increase in the electricity rate again since August 2014.
The rising costs will directly affect the building materials and products costs and
reflected in the price of construction products and materials. These, again, will
motivate more reuse and recycle activities on sites so as to reduce the embodied
energy of production (Edge Environment Pty Ltd 2012).

Example of positive incentive in case studies which successfully motivate the
companies engage in construction waste management:

• Fletcher uses post-consumer waste glass to make glass wool insulation as it is
cheaper than virgin glass material (Edge Environment Pty Ltd 2012).

Example of negative incentive in case studies which successfully motivate the
companies engage in construction waste management:

• PIPA recycle PVC because of regulation and the industry’s requirement specified
in the Green Building Council of Australia’s PVC credits and design guidelines
which specify PVC products’ standards (Edge Environment Pty Ltd 2012).
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1.8.3.2 Goal Setting Perspective

The companies that were covered in these case studies coincide the idea suggested
by Hsiaw (2013) that construction companies are motivated by the goals’
self-satisfaction and fulfilment. For example:

• Australian Ethical Investment reuse as high proportion of the materials used as
possible to reach the goal of receiving six stars in GBCA’s Green Star rating
tool.

• As Ontera Modular Carpets sets a goal to receive ISO 14001 so it collects and
reuses tonnes of used carpet (Edge Environment Pty Ltd 2012).

1.8.3.3 Hierarchy of Needs Theory: Waste Management Is a Kind
of Self-actualisation Activities

The study reviews that quite a large number of the companies act sustainably due to
corporate social responsibility. This is a kind of higher level motivation as stated in
Hierarchy of Needs’ theory. For example:

CSR Gyprock™—a gypsum board take-back scheme is implemented because
the company feel that it is a kind of corporate social responsibility to reduce raw
materials and waste disposal to landfill.

James Hardie Industrial Ecology Initiative reduce timber and reuse some of the
by-products during production.

Built Environs’s project in Adelaide ensured waste materials would be re-used in
the fit-out work as an alternative to conventional materials (Edge Environment Pty
Ltd 2012).

1.9 Conclusion

As construction waste accounts for a large proportion of waste in many different
countries, leads to pollution and environmental externalities, many state govern-
ments in Australia initiate different strategies to reduce construction waste. The
South Australia government, for example, proposes zero waste strategies. Prefab-
rication, standard sized construction materials are proposed by construction
industry to reduce waste. This chapter suggests that sustainable construction waste
management, i.e. co-development in economic, social and environment, was
feasible in many case studies despite a few experienced an increase in construction
costs. Furthermore, these construction companies were not solely motivated by
monetary incentives, such as landfill levy. Quite a number of them revealed that
they were motivated by corporate social responsibility.
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Chapter 2
Scholars’ Comments and Criticisms
on Construction and Municipal Solid
Waste Management in Hong Kong
and Singapore from 2000 to Present:
A Review of Digital Information Online

Rita Yi Man Li, Simon Fong and Hoi Man Chan

Abstract Waste is considered as an end of city product’s life as well as a burden in
modern society. The government of Hong Kong and Singapore are striving to
improve construction and municipal solid waste management since 1960. At the
same time, waste policies lead to social and economic controversies among citizen.
How can we develop better sustainable waste management strategies? Will these
methods lead to different level of environmental and economic problems? Whilst
previous research in construction and municipal waste mainly sheds light on the
methods of construction waste management on sites by interviews, surveys and
case studies, few research has been conducted to study the digital information
available in academic journal database and World Wide Web. This chapter tries
to fill this gap by discussing (1) whether the government’s waste management
strategies are sustainable; (2) the efforts on construction and municipal solid waste
made by the governments in Hong Kong and Singapore.
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2.1 Introduction

The fast economic and population growth in Hong Kong and Singapore has led to a
large amount of waste, especially construction and municipal solid waste (MSW).
The increase in the amount of waste causes serious environmental burden such as
natural habitat degradation, pollution of air, land, and water. Citizens, businesses,
and the local government are now concern of the waste issues. In order to achieve a
higher level of resource efficiency, strategic waste management on MSW and
construction waste is indispensable (Tanaka 2007; Feng et al. 2009). In general,
Lehmann et al. (2013) suggest that effective waste management strategies should
include the following 5 major actions:

(1) Eliminate waste consignment to landfill;
(2) Advance the process of resource recovery and recycling;
(3) Adopt suitable technology is used to increase the resources recovery and

reduce the amount of waste disposal to landfills;
(4) Improve waste sorting facilities’ efficiency and effectiveness;
(5) Improve materials’ recovery according to the Environment Protection Policy

so as to turn the waste to resources.

Nevertheless, different waste strategies result in different level of impacts on
economy and environment. That is why the government of Hong Kong and
Singapore has been committed to solve the problems of construction and municipal
solid waste since 1960. To manage the waste problems, up-to-date information is
needed. Digital information plays an important role in receiving and sharing the
knowledge of various construction waste management strategies. Nevertheless,
previous research on construction and municipal waste mainly rest on the methods
and difficulties encountered by stakeholders via interviews, case studies and
surveys. Few have done research on the digital information available in our internet.
This chapter aims to fill this gap of research. It studies the information in academic
journal databases and World Wide Web.

2.2 Sustainable Development

The concept of sustainable development is gaining popularity in recent years and
there are many different definitions from different school of thought. The idea of
sustainable development is synonymous with sustainability. It is derived from an
older forestry term “sustained yield”, which is a translation of a German term in
1713 (Donovan 2009). The concept of sustainability balances between reproduction
and resource consumption already existed in the 12th century. However, the most
widely quoted definition of sustainable development came from the Brundtland
report in 1987 “sustainable development is development that meets the needs of the
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present without compromising the ability of future generations to meet their own
needs” (World Commission on Environment and Development 1987).

To achieve the goal of sustainable development according to the World
Commission on Environment and Development (1987), an organization/individual
must fulfil the following three major criteria:

1. Efficient: meeting our own needs and aspirations without doing damage to the
prospects of future generations;

2. Clean: finding ways to increase prosperity and improve the quality of life while
reducing overall pollution and waste;

3. Green: reducing the environmental burden we put on our neighbors and helping
to preserve common resources (Sustainable Development Unit 2010; Sustainable
Singapore 2013).

Another major view of sustainable development suggests that it embraces the
co-development of social, environment and economics (Li 2010, 2014; Li and Ah
Pak 2010). As it is used by the Hong Kong and Singapore government, our chapter
will also adopt this version to discuss the issue of sustainability from this per-
spective (Fig. 2.1).

2.3 A Global Perspective on Waste and Its Management

In Canada, Ontario Regulation 102/94 mandatorily requires business or building
owners to develop and implement waste reduction plans, update the audits and
plans annually and conduct waste audits. Later, Ontario Regulation 103/04 revises

Environment

SocietyEconomy

Sustainable development

Fig. 2.1 Sustainable development: a co-development of economic, social and environment
(Li 2011)
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Ontario Regulation 102/94 (Yeheyis et al. 2013) and impose the 3Rs Regulations to
ensure that municipalities, commercial and industrial sector to develop waste
disposal reduction strategies which aim to reduce at least 50 % of the waste material
(Yeheyis et al. 2013). It requires the owners of multi-unit residential (apartment)
buildings with six or more units, owners which are listed in this regulation to
implement source of waste separation programs for some of the specific wastes and
to ensure that waste is recycled (Yeheyis et al. 2013).

In BRICS, various construction waste management strategies have been
implemented. For example, in China, the Chinese Government has enforced
regulations with regards to environment protection and waste management. For
example, “measures for municipal solid waste management” provides rules on
waste disposal charges (Hao et al. 2010). In India, Green Building Guidelines such
as LEED India has led to a growing awareness in standardization of design,
over-ordering minimization, workers’ environmental education, increase offsite
construction materials’ production, just in time deliveries, waste auditing (Arif et al.
2012). In Delhi, there is over 120,000 Kabari (informal waste collectors) on the
streets who collect aluminum cans, paper, plastic, glass and sell them to mini-scrap
dealers as secondary raw materials market. This informal industry processes 59 %
of Delhi’s waste and provides economic support to many families. In Curitiba,
Brazil, the “Green Exchange Programme” offers slum dwellers fresh vegetables and
free bus tickets when they collect garbage a to neighbourhood centres. Children are
encouraged to exchange materials which can recycle toys (Lehmann 2011).

2.4 A Tale of Two Cities: Waste Management in Hong
Kong and Singapore

This chapter studies the construction and municipal solid waste management in
Singapore and Hong Kong and discusses possible solutions on how we can improve
sustainable development. Although Singapore is an independent country and Hong
Kong is only a small city in China, they share similar characteristics such as
economic structure and situation, once ruled by the UK as British colonies and
culture (both of them have a high proportion of Chinese).

Geographically speaking, Hong Kong and Singapore are small, densely populated
coastal developing city-states located in Asia with limited natural resources. Their
superb locations and excellent harbors caused the boom of trading in the early
nineteenth century and population grew rapidly. According to the 2011 Population
density report by the World Bank, both Hong Kong and Singapore rank the top-five
of the most densely populated areas (World Bank 2014).

Likewise, they share similar economic development. For example, the 2014
annual report of economic freedom by Heritage Foundation, Hong Kong and
Singapore are two out of the four places with the freest economy (The Heritage
Foundation 2014). Besides, both of them share similar economic system and
development. The World Bank shows that the 2012 GDP per capita at purchasing
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power parity of Hong Kong and Singapore stood at USD 61,803 and USD 51,945
which were ranked as the 5th and 8th among the world highest GDP per capita
(World Bank 2014).

2.5 Waste Statistics in Hong Kong and Singapore

With rapid economic development, Hong Kong and Singapore are now facing the
problem of increasing waste. In 2011, there was about 6.3 million tonnes of waste
in Hong Kong. Each person generated around 463.5 kg of waste per year. The
major source of waste in landfills is municipal solid waste (66 %), which included
food waste, metals, plastic, etc. The second main component is construction waste
that is shown in Fig. 2.2. Besides, the total waste generated has increased by almost
50 % from 4.26 million tonnes in 1991 to 6.3 million tonnes in 2011. At the same
time, the construction waste has a remarkable reduction at landfills that dropped
from 5.98 million tonnes in 1991 to 1.21 million tonnes in 2011, approximate 80 %
decrease. However, the quantity of MSW disposed of at landfills has raised 21 %
since 1991 (Hong Kong Environmental Protection Department 2011) (Fig. 2.3).

In Singapore, there was about 6.9 million tonnes of waste generated in 2009 and
i.e. each person generated around 1,330 kg of waste in a year. The total waste
generated increased by 56 % from 4.6 million tonnes in 2000 to 7.3 million tonnes
in 2012 (Fig. 2.4). Majority is MSW, contributing 70 % of all kinds of waste
(Fig. 2.5) (Singapore National Government Agency 2013). The proportion of
different type of the waste in Hong Kong and Singapore are similar.

66%

24%

10%

Municipal solid waste

Construction waste

Special waste

Fig. 2.2 Hong Kong disposal of solid waste at landfills in 2011 (Environmental Protection
Department 2011)
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2.6 Digital Information

Before the era of information digitization, a researcher who wanted to read an
academic journal would have to travel down to a local library and access to the
journal archive. The archive by the constraint of physical space available, maintains
only a limited volumes of journals where some old issues may have been purged for
making space for the new ones. The problems of latency in accessing paper journals
in a physical premise, and incomplete information have been improved in the early
90s when a movement of digitizing journal information and founding online
journals emerged. For instance, Mr. William Bowen, the president of Princeton
College founded an online journal library called Journal Storage (JSTOR) that
digitized academic journals from different disciplines into electronic copies, made
available for online access. There are other popular and open-access digital journal
archives such as, AGRIS, arXiv, CiteSeerX, ERIC, LexisNexis, NSDL.org, just to
name a few.

To librarians, the digitization translates to savings on operation costs in man-
aging hard-copies of the journals and freeing up precious physical storage space.
To the users, it is the convenience in finding journal articles of many different
publishers, from the online journal databases instead of physical journal shelves and
rooms. There are some quality digital journal libraries providers, such as JSTOR
that charges subscription fees for the license of use to colleagues, universities or
commercial research institutes. The licensees are allowed to provide online access,
usually via Intranet, to their students and staff in doing research usually at no
charge. Some selected popular digital journal operators that charge subscription fees

23.1%

70.1%

6.9 % 

Construction wastes

MSW

special

Fig. 2.5 Distribution of waste in Singapore in 2011 (National Environment Agency 2013)
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include but not limited to, ACM digital library, Bowker, CINAHL, Econ Lit, IEEE
Xplore and POIESIS etc. for accessing full text articles by subscription.

The advantage of digitized online academic journal over the free but uncon-
trolled materials from the Internet is the information quality, that includes accuracy
and authoritivity. Academic journals focus on specialized areas or categories of
information, with meticulously checked contents. Usually in a reputable journal,
peer review is conducted for maintaining the quality and substantial scientific
credentials each paper carries before it gets published. The scientific journal papers
usually contain credible data, described empirical research in full and formalized
theories. The information from these scholarly journal papers are meant to be used
by fellow researchers for on-going subsequent research. On the other hand, the
information found on the Internet is usually unverified, and sometimes biased in
views with either underlying political or commercial motives. Some are published
for entertainment sake or with a propaganda purpose. Informative these online
reports may be, yet mostly are gossips like and even full of advertisements.

In summary, researchers are offered the convenience of collecting relatively
more reliable data from online digital journal archives than from websites on
Internet. It takes only a computing device with Internet connection to do data
collection rather than physically visiting a library. The other advantage lies on the
ease and wide variety of available online databases for searching. The full-text
article in each journal database can be effortlessly downloaded, stored on a mobile
device and read at any time anywhere later as the research wishes. This can
significantly reduce the hassles in academic information searches, leading to more
focused research effort hence better results.

2.7 Research Method

In this chapter, we mainly discuss the most common and popular methods among
these two places, i.e. landfill, recycle and incineration. Updated statistics about the
operation of these three waste management methods is obtained from Environ-
mental Protection Department (2011) in Hong Kong and National Environment
Agency (2013) in Singapore.

Since this paper is a qualitative research on the comments and criticisms of the
construction and municipal solid waste management. We adopt systematic content
analysis as the research method. The scholarly literatures are searched and collected
from the Google scholar, EBSCOhost research databases and ScienceDirect. The
keywords use include ‘Municipal solid waste management’, ‘Hong Kong’,
‘Singapore’, ‘landfill’, ‘recycling’, ‘sustainable waste management’ from 2000 to
present.
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2.8 Similar Approaches of Construction Waste and MSW
Management in Hong Kong and Singapore

Hong Kong and Singapore are densely populated cities in the world, waste has
become one of the major problems that the government has to deal with. Both of
them adopt similar method in handling waste, i.e. landfill and waste recycle.

2.8.1 Landfill

Landfill is the most popular method for waste disposal in the world, Hong Kong
and Singapore are of no exception. In 1960, Hong Kong established the first landfill
site in Kwai Tsing and the number of landfill increased to 16 by 1995. Nowadays,
most of the landfills in Hong Kong were already closed and changed in use of land,
only three landfill sites are still operating in the New Territories (Environmental
Protection Department 2011). More than 90 % MSW and construction wastes are
now disposed in three large landfills by waste collection vehicles every day.

Same as Hong Kong, there is an offshore landfill in the southern part of
Singapore. The Semakau Landfill receives incineration ash which is delivered by
tugboats at night. It also provides educational and interesting outings for local
citizens, students and foreign visitors (National Environment Agency 2013). Even
though Pulau Semakau operated a landfill, the western coast has become a scenic
and green natural place with fresh air and provides a bub for rich biodiversity.

2.8.1.1 Scholars’ Comments and Criticisms on Landfilling

Although landfill is the most widely use method to dispose MSW and construction
waste, it is always considered as a costly, unsustainable way to our environment and
economy. It is also not welcomed by the environmental groups. The European Union
waste strategy consider landfill as the last resort of waste management (Depountis
et al 2009). It is not environmentally sustainable owing to the potential hazard of
organicmaterials (Bjarnadóttir et al. 2002). The landfill also gives rise to environment
problems such as noise pollutions, emissions of dust and gases to atmosphere,
contaminated surface water to watercourses (Depountis et al. 2009). However, the
Semakau Landfill is operated in a more environmental friendly that very minimal
gases existed in the landfill as organic wastes are not sent to landfill sites and there is a
maximum 10 % of the total solid waste generated going to landfill under the National
Environment Agency (NEA) scheme (Tan and Khoo 2006).

In Hong Kong, as the three landfills in Hong Kong has been used for about
20 years, the Environmental Protection Department (2011) estimated that all the
existing landfills will be full by 2017 (Chung and Poon 1998). Landfill crisis has
become a major challenge in Hong Kong owing to the limited land resources while
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opening new ones or extending the existing landfill sites is extremely costly
(Yau 2010) (Table 2.1).

2.8.2 Recycling

In view of the urgent landfill crisis in Hong Kong and air pollution released from
incineration plant in Singapore, recycling waste has been taken as an intermediary
measure which creates less environmental damage and achieve environmental
sustainability (Yau 2010). In Singapore, to support the construction waste recycle,
the NEA provides lots of recycling facilities which turn the waste into non-struc-
tural concrete products for building construction (Zhang et al. 2009). According to
the Singapore’s NEA (2013), the recycle rate of construction waste increased from
85 % in 2001 to 99 % in 2012, reaching the target recycling rate set in Singapore
Green Plan 2012 successfully. Besides, the recycling rate of MSW in 2012 is 58 %.

Owing to the rapid depletion in landfill sites, the Hong Kong government also
set a number of Waste Reduction Task Forces to promote the idea of recycling in
different sectors since 1997. At that moment, the recycle rate of domestic waste was
around 8 % of the total waste disposed (Chan 1998). Hence, the government
launched a 10 years implementation program in the Waste Reduction Framework
Plan in 1998 (Environmental Protection Department 2011). The program includes
provision of waste separation bins in public areas and encourages the developers to
provide space for refuse storage and waste recovery (Environmental Protection
Department 2011).

Table 2.1 Summary of scholars’ comments on landfilling

Author (year) Scholar comments Place(s)

Fischer (1999) Landfill is considered as the last resort in the waste
management

Hong Kong
and Singapore

Bjarnadottir
et al. (2002)

It is not considered as environmentally sustainable owing
to the potential release of hazard organic materials

Hong Kong
and Singapore

Depountis
et al. (2009)

Landfill would arise environment problems like emis-
sions to atmosphere and water including noise, dust,
gases, contaminated surface water runoff to watercourses

Hong Kong
and Singapore

Tan and Khoo
(2006)

The Semakau landfill is operated more environmental
friendly with very minimal gases released at the landfill

Singapore

Tan and Khoo
(2006)

Organic wastes should be disposed to the landfills Singapore

Chung and
Poon (1998)

Hong Kong is now facing an urgent problem of soon-to-
be full landfill sites

Hong Kong

Yau (2010) Landfill crisis has been seen as a major challenge in Hong
Kong owing to the limited land resources. Creating new
ones or extending the existing landfill sites is extremely
costly

Hong Kong
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2.8.2.1 Scholars’ Comments and Criticisms on Recycling

It is often of the view that recycle is a good way to achieve a sustainable devel-
opment. It enhances the level of resource efficiency (Tanaka 2007), save energy,
prolongs lifespans of landfills and reduces emissions to air, water from incinerators
and landfills (Seik 1997; Ekins et al. 2003). Nevertheless, our stakeholders are fully
aware of various economic concerns (Schultz et al. 1995). Yau (2010) comments
that recycling can be a heavy long-term financial burden to the HKSAR Govern-
ment if it offers monetary incentives to increase domestic waste recycle. Thus, the
HKSAR Government should consider incorporating different economic incentives
to encourage waste recycle such as setting up a reward scheme so that citizens can
exchange recyclable materials for free public services. Besides, Hong Kong’s
recycle market is limited to recycling materials with a high scrap value and lacks of
recycle facilities which may create hazardous substances (Tam and Tam 2006).

In Singapore, Zhang et al. (2009) believed that the Singapore Government
endeavors to reduce waste reduction from disposing in the landfill by recycling.
Hence, the lifespan of the Semakau Landfill increases from 20–30 years to
35–40 years. Even though Singapore successfully recycles waste, costs of recycling
are high because of high waste collection and handling costs (Bai and Sutanto
2002) (Table 2.2).

Table 2.2 Summary of scholars’ comments on waste recycle

Author (year) Scholar comments Place(s)

Tanaka (2007) Waste recycle can achieve a high level of resource
efficiency

Singapore and
Hong Kong

Seik (1997),
Ekins et al.
(2003)

Recycle saves energy, prolongs life spans of landfills
and reduces emissions to air, water from incinerators
and landfills

Singapore and
Hong Kong

Yau (2010) Waste recycle would become a heavy long-term
financial burden to the Hong Kong Government if it
offers inducements continuously to boost domestic
waste recycling. The Hong Kong Government should
consider incorporating different economic incentives
in its policies to encourage waste recycling like set up
a reward scheme that citizens can exchange recyclable
materials for free public services

Hong Kong

Tam and Tam
(2006)

Hong Kong’s recycling market is limited due to a high
scrap value od the recycled materials and lacks of
recycling facilities for waste which may create
hazardous substances

Hong Kong

Zhang et al.
(2009)

Singapore Government have helped tremendously to
reduce waste from disposing in the landfill, as a result,
the life span of the Semakau landfill increases from
20–30 years to 35–40 years

Singapore

Bai and Sutanto
(2002)

The cost of recycling has been proven to be higher
than original anticipation because of high waste
collection and handling cost

Singapore
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2.9 Different Approaches of Construction and MSW
Management in Hong Kong and Singapore

2.9.1 Incineration

Solid waste incineration has been placed in a top priority over the past 30 years in
Singapore. Incineration is a waste treatment process that converts the waste into ash,
heat and flue gas and finally the ash would be disposed at the landfill. The incin-
eration plants are known as waste-to-energy (WTE) plants because the steam
generated during the combustion process would be used to produce electricity. The
recovered energy is mainly used to operate the waste-to-energy plant, and the extra
ones are then sold to the electricity institutions. As a result, the revenue from the sale
of energy becomes a major income to the plants (Bai and Sutanto 2002). According
to NEA (2013), there are five incineration plants in Singapore currently. They are
Ulu Pandan (1,600 tons/day), Tuas (2,000 tons/day), Senoko (2,400 tons/day) and
Tuas South (3,000 tons/day). At present, the solid waste disposed in Singapore is
about 7 million tonnes and 37.6 % of the waste is going to waste-to-energy plants
for energy recovery and incineration (National Environment Agency 2013).

2.9.1.1 Scholars’ Comments and Criticisms on Incineration

Rapid industrialization and economic development causes tremendous increase of
solid waste incineration in Singapore, even though it is much more expensive
method than landfill (Bai and Sutanto 2002). Nevertheless, incineration has long
been considered as non-sustainable waste management. According to Hellweg et al.
(2001), wastes incineration generates nitrogen oxides, which could potentially
contribute to environmental problems like acidification and ecotoxicity. Also, the
ashes generated from incineration always show substantial levels of toxic substances
(Qian et al. 2006). Therefore, Khoo et al. (2012) suggested NEA to find alternative
uses for incineration ash instead of disposing at landfills. Therefore, Singapore
tested the bottom ash to see whether it could be used as road pavement in order to
reduce the amount of material sent to landfills (Tan and Khoo 2006). Although the
incineration plant can produce electricity during waste burning, Tan and Khoo
(2006) commented that the energy gained is outweighed by the environment damage
caused by the incinerators (Table 2.3).
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2.10 Summary

Sustainable construction and solid waste management requires full consideration in
economic, social and environmental aspects. Even though landfill and incineration
have long been considered as an unsustainable waste management, Singapore
shows how waste disposal management can be operated in a more sustainable way.
The Semakau landfill provides a good example to the world and change people’s
views on landfills. It not only provides space to store wastes, but also a comfortable
place with educational value, fresh air and rich biodiversity to its citizens and
visitors. At the same time, Singapore puts incineration in a top priority as an waste
management strategies. During the process of waste combustion, the steam
generated would be used to produce electricity that generates economic benefits.

On the other hand, Hong Kong still relies on the traditional, inefficient landfill as
a final destination for construction and municipal solid waste. It is now facing a
serious problem of landfill sites shortage. The expansion of landfill sites has led to a
essential controversial discussion in the city and it is in no doubt a hard nut to crack
issue for the Hong Kong government.

In view of the alarming landfill crisis and the environment damage from
incineration, the Hong Kong and Singapore government promote waste recycle.
Among all the suggested solutions for mountains of waste, recycle has been
considered as one of the most viable solutions as evaluated by academic scholars as
it achieves a high level of resource efficiency (Tanaka 2007) and reduces emissions
of air and water pollutants from incinerators and landfills (Seik 1997; Ekins et al.
2003). However, if the government does not consider any other different economic
incentives, recycle waste can impose heavy long-term financial burden. Hence, it is
not a sustainable solution.

Table 2.3 Summary of scholars’ comments on incineration

Author (year) Scholar comments Place(s)

Bai and
Sutanto (2002)

Incineration is much more expensive method than landfilling Singapore

Hellweg et al.
(2001)

Incineration of wastes would generate emissions such as
nitrogen oxides, which could potentially contribute to envi-
ronmental problems like acidification and ecotoxicity

Singapore

Qian et al.
(2006)

The ashes generated from incineration always show
substantial levels of toxic substances

Singapore

Khoo et al.
(2012)

The government should find alternative uses of incineration
ash instead of disposing at landfills

Singapore

Tan and Khoo
(2006)

Singapore tested the bottom ash to see whether it could be
used as road pavement in order to reduce the amount of
material sent to landfills

Singapore

Tan and Khoo
(2006)

The energy gained is outweighed by the environment damage
caused by the incinerators

Singapore
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To achieve sustainable development, construction and municipal solid waste
disposal may impose a major obstacle in city development. Therefore, in order to
strike a balance between economic growth, social well-being and environmental
protection, it is necessary and essential for the Singapore and Hong Kong
government to promote recycle in an effective way and consider more sustainable
waste management strategies.
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Chapter 3
A Content Analysis on Static Digital
Information About the Causes
of Construction Accidents

Rita Yi Man Li, Sun Wah Poon and Daniel Chi Wing Ho

Abstract In many places, construction accident rates are high. While construction
companies incur a huge sum of money for compensation in accidents, the injured
workers suffer from loss of income and even capacity to work. As implementation
of construction safety measures and relevant regulations require the knowledge of
construction accident causes, this research study aims at reviewing the digital
information available in academic journal database about construction accidents
with the help of information technology tools. The research results show that (1)
many of the journal articles shed light on developed countries, with the majority
come from Europe and the US. (2) Heaps of research analyses the statistics from
official database or report as their method of research studies, followed by
questionnaires/survey or interview. Triangulation, i.e. more than one research
method, is seldom used in these journal articles. (3) Science Direct and ASCE
library contain more journal articles which are related to causes of construction
accidents than the other databases. (4) Lots of them concede that accidents is more
likely to happen because of the immediate causes of accidents, such as fall, slip and
struck by objects, and the workers’ characteristics.
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3.1 Introduction

The evolving industrial-based society into the knowledge-based society has made a
huge change in the social environment. Researchers have witnessed an increasing
value of knowledge and a rise in volume of information (Al-Rawajfih et al. 2010).
The popularity of World Wide Web has altered the way we share and receive
information. We are all moving from the mountains of paper to the digital World.
Modern companies, for example, are taking advantage of our digital World by
collecting, using, utilizing and processing corporate information online (Al-Htaybat
2011). Digital technology which combines the swift of communications worldwide
has markedly increased the possibilities for global exchange and production
(Das 2010). Digital information management system has played an important role
in spatial information storage (Kerdvibulvech and Yin 2014; Seo and Park 2014),
modern health care management system (Sui et al. 2013). It also opens up the new
Islamic world’s entrepreneurial opportunities (Frazier and Ewing 2009). It also used
as a means of communication among students, lecturers, faculties, alumni and
guests (Jabar et al. 2014). It is, however, estimated that a quarter of all printed
classified advertisement will be lost to digital media in the coming decade (Lambert
2007). Young people today may view digital media on Web 2.0, such as Youtube,
blogs, MySpace as a primary vehicle in obtaining information and print media as
the add-on.

With the popularity of online electronic information, we can use any of the
domestic network or even international information resources from another library
overseas. It means that a library is no longer restricted on the museum collection of
documents but enlarges to national or global information, volume of hard copies
collection is no longer the major indicator to measure the value of libraries. Rather,
the electronic database may hold a lot more information. A static repository of
printed material has changed to an open, orderly, multi-functional and flexible
information service system (Zhang 2011). Likewise, modern construction safety
researchers may spend more time on searching for digital information than traditional
printed materials. Having said that, we may wish to know what exactly can be found
online. For example, can we find the causes of construction accidents throughout the
whole World or the materials mainly focus on some particular areas only? What kind
of the research methods have been used by the researchers (as that definitely affect
the research quality and validity of the papers)? And more importantly, what is the
current state-of-art with regards to the causes of accidents? In this chapter, we wish to
shed light on digital information we obtain from academic journal databases. It firstly
discusses (1) the reasons why we have to knowmore about the causes of construction
accidents under the lens of economics, (2) a technical perspective on digital infor-
mation and (3) the distribution of journal articles which cover the causes of accidents
(geographical locations, database and research methods) and (4) the causes of
accidents under the lens of academic scholars.
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3.2 The Costs of Construction Accidents

Construction safety has always been the concern ofmany practitioners and academics.
High fatalities and accident rates impose negative impact on construction industry’s
image, deterring talented workers to enter the industry. It also leads to pain, suffering
and loss of the injuries and their families (Li and Poon 2007, 2009, 2013). The cost of
construction accidents reached 10%of the total labour costs (Laufer 1987). Saram and
Tang (2005) showed that the pain and suffering costs of the victims of construction
accidents inHongKong amounted to the payment of $219million in 1999. From2004
to 2008, the highest sum of one accident compensation case alone in High Court
reached HK$13.8 million (Li and Poon 2009).

3.3 Digital Information: A Technical Perspective

Digital information is firstly transformed to binary image which is then encrypted
using decimal expansion of irrational numbers and multiple Fourier transforms. The
decimal expansion of irrational number is then used to generate random phase
masks which can be used to scramble the binary image into random noise. The digital
information displays as binary data stream and can be processed by computers,
followed by transmission in the Internet (Lu and Cao 2013). In general, there are two
types of digital information: static and interactive digital information. Static digital
information includes digitized e-books. Interactive digital information refers to
digital information products with an interactive user interface which resembles a
typical website are termed interactive e-books. Interactive digital information refers
to digital information products with an interactive user interface which resembles a
typical website (Kirk et al. 2012).

3.4 Research Method: Content Analysis

Content analysis is used for the research. It has been applied in analyzing government
documents (Awang et al. 2013), and qualitative interviews (Ahmad and Seet 2009;
Er 2011). This research method did not appear until 1941 when printed mass media
increased substantially in the US at the beginning of the 20th century. It resulted in
many efforts to create objective, simple and scientific methods of analyzing news
articles. Subsequently, the methods were taken up by other fields such as history,
psychology, anthropology and linguistics. In content analysis, similar information is
grouped into similar categories so as to create systematic and objective criteria for
transforming written text which can be analyzed for symbolic content of commu-
nication (Li 2013).
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3.5 Data Description

The journal articles are found in five academic journal databases: Wiley Blackwell,
Taylor and Francis, Science Direct, Emerald, ASCE library in Run Run Shaw
Library, and City University of Hong Kong. We use the keyword construction
accident causes to search for the relevant journal articles. A total of 71 freely
accessed and relevant articles are included in our present study. More than half of
them come from Science Direct (38), followed by ASCE (19) and Wiley Blackwell
(8) (Fig. 3.1). There are 24 articles which study the causes of accidents in the US,
followed by the 17 articles in European Union (7 from UK, 6 from Spain, 2 for
Finland, 1 for Denmark, 1 for Italy), 8 articles from Taiwan (Table 3.1). The results
show that digital information held by these electronic databases (with free access
right in this university) focus on developed countries in two continents, Europe and
North America. Even though the internet is open to everybody with access to the
World Wide Web, we may not know the causes of construction accidents in the
developing World well. On the other hand, however, it simply reflects the truth that
there are substantially more academic scholars in developed countries which study
the causes of accidents than the developing countries on this issue. In terms of
research method, majority of them analyze the official data from government
statistics or reports. 16 of them use interviews and 11 use questionnaires/survey to
figure out the causes of construction accidents. The number of articles adopt
research triangulation in spite of its capability in overcoming the shortcomings of
any of the abovementioned research methods (Li and Poon 2013) (Fig. 3.2).
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Fig. 3.1 Academic databases which have been covered in the research study
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Table 3.1 Countries which
are covered in the articles

Country Number of articles

Australia 1

Brazil, Greece, Turkey, Portugal 1

Canada 2

China 3

China and Australia 1

Denmark 1

Finland 2

Hong Kong 2

Israel 1

Italy 1

Korea 1

Kuwait 1

Netherlands 1

Not specific 4

Singapore 1

Spain 6

Sweden and Denmark 1

Taiwan 8

Uganda 1

UK 7

United Arab Emirates 1

US 24
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Fig. 3.2 Research methods used by the journal articles’ writers
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3.6 Causes of Construction Accident

The causes of accidents are subdivided into six categories: workers’ characteristics/
background, organization, site condition, time of accidents, immediate direct causes
which lead to accidents, and economic factors. Detail description of each of the
category can be found in Table 3.2. Among all these factors, 33 of the research
papers are concerned with the study of the immediate causes which lead to accidents
such as fall from height, slip and struck by objects. Twenty nine articles shed light
on the relationship between construction workers’ background/characteristics and
the chances of accidents. Twenty five articles reveal that site conditions such as
lighting, building design and structural failure are critical factors which lead to
accidents on sites (Fig. 3.3). In sharp contrast, however, there is only one article
which links the economic factors to injuries on site that accidents most common in
private projects with project contract amounts of less than NTD 5 million (Cheng
et al. 2012).

3.6.1 Workers’ Characteristics

There are heaps of research which show that workers’ characteristics, attitudes,
occupations etc. are the major indirect factors which affect the chances of accidents.
For example, Haslam et al. (2005) find that 70 % of accidents are caused by
workers or their work team. Cheng et al. (2010) find that foreign workers are more
accident prone. Pratt et al. (1997)’s research results suggest that workers of repair,
craft and precision production; material and transportation moving; equipment
cleaners, handlers helpers and laborer have the highest rate and frequency of

Table 3.2 Categories of causes of construction accidents

Category Factors which are included in each of the category

Workers’ characteristics/
background

Workers’ background information, such as age, sex, expe-
rience, human error, migrant, lack of safety training/educa-
tion, migrant, poor relationship with others

Organization Companies background and methods of grouping the
workers, e.g. large company, subcontracting, preplanning

Site condition The construction sites’ characteristics, e.g. building design,
structural failure, lack of protective measures, poor
housekeeping

Time of accidents In the morning, afternoon, evening/Monday to Saturday/
month when accidents happen

Immediate direct causes which
lead to accidents

Fall from height, slip, struck by objects etc.

Economic factors Piece rate method of payment, low accident compensation
costs, high transaction costs, developing countries
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fatalities. The number of accidents among workers aged between 41 and 60 is
higher than those between 21 and 40 during Autumn and Summer (Liao 2012). Lin
et al. (2011) notes that fatality rate is the highest among workers aged 34–44.
Occupation also has implications on workers’ safety risks. Arboleda and Abraham
(2004) records that more than half of them aged between 19 and 40. Apart from
age, other researchers focus on the experience of the workers. For example,
Arquillos (2012) find that experienced workers do not have the lowest accident
fatality rates. Memarian and Mitropoulos (2013b) points out that many of the
masons’ incidents happen during rebar and block laying activities. Block laying,
Material handling, scaffold erection or dismantling often lead to high severity and
frequency of incidents. Laborers in a masonry crew are at significantly higher risk
of injury than the other positions such as foremen, operators and masons.

Workers’ safety behavior (Hu et al. 2011), unsafe acts (Hale et al. 2012) and
attitudes (Hu et al. 2011) affect the likelihood of accidents on sites. It is observed
that repair, maintenance, alteration and addition works (RMAA) workers often
underestimate potential safety risks when they work for small tasks for a short
period of time (Hon et al. 2010). In China, the major safety risks came from low or
no safety education paramount (Zou and Zhang 2009). Chan (2011) find that
workers come across accidents because of fatigue.
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3.6.2 Organization

Organization, such as size of the companies, organization policy, is another highly
cited factor which leads to accidents (Hale et al. 2012; Langford et al. 2000). With
regards to size of the companies, despite there are mountains of research which study
the relationships between size of companies and accident rates, there is no consensus
on whether small or large size companies have higher accident rates. Conventional
research suggests that smaller size construction companies have higher injury rates.
Cameron et al. (2008) find that there is higher percentage of fatality come from small
contractors in Scotland. Arboleda and Abraham (2004)’s research shows that when
the construction project is smaller, the chance of a trench cave-in is higher. Glazner
et al. (1999) find that workers in large companies rarely report safety practices
occurred all of the time, however, all of them report that some safety practices
always occur. Small companies are less likely to indicate that these actions always
occur. Apparently, enforcement and control affect employers’ behaviors (Nelson
et al. 1997). Nelson et al. (1997)’s data, however, find that a large company may not
be safer than a small company in fatal accidents. OSHA devotes a substantial
percentage of its resources to enforcement of very large contractors. It is also
observed that enforcement activity has more substantial effects on contractor level,
inspection effects seem to ripple across the sites controlled by contractors. Never-
theless, the positive marginal impact of repeat inspections usually happen on the
initial compliance among large firms only if we perceive the issue from OSHA
activity over a period of 15 years (Weil 2001). Moreover, it is found that the rate for
workers’ compensation claims for fall injuries drops after construction employers are
cited for violating the fall protection standard (Nelson et al. 1997).

Langford et al. (2000) suggest that supervision, organization policy, and
equipment management, risk taking and management behaviors affect the
construction safety on sites. Hinze et al. (1998) show that 14.8 % of the respondents
agree that site safety management affect the level of safety on sites. Dester and
Blockley (1995) suggest that safety culture has not been developed is one of the
causes of accidents. Rowlinson et al. (2003) find that senior management has not
paid attention to the role of foreman on construction safety and poor site safety
record has to be improved. Other organization problems which lead to construction
accidents on sites include problems with suitability and condition of materials,
shortcomings with equipment (including PPE) and deficiencies with risk manage-
ment (Haslam et al. 2005). A research of 500 accident records provided by the U.K.
Health and Safety Executive (HSE) shows that construction accidents involve
inappropriate construction planning (28.8 %) and construction control (16.6 %) and
operative action (29.9 %) (Suraji et al. 2001). In another research study, an analysis
of 296 fatality reports on trenching operations from the Occupational Safety and
Health Administration from 1997 to 2001 find that many of the accidents occur as
sequence of procedure safe equipment or unsafe means of construction are not
provided (Arboleda and Abraham 2004).
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3.6.3 Site Conditions

Many of the construction sites are having poor site conditions problems (Hinze and
Teizer 2011; Li and Bai 2008) and environmental issues (Hale et al. 2012). Hu et al.
(2011) reveals that many of the accidents happen because of construction structure
and facilities’ problems on sites. Ale et al. (2008) suggest that the delivery system
and barrier failure cause accidents. Li and Bai (2008) find that fatal accidents
happen because of complicated road geometries and unfavorable light. Hu et al.
(2011) concede that poor working surfaces and platforms cause accidents. Hinze
and Teizer (2011) suggest that blind spots, lighting conditions and obstructions on
sites lead to accidents. Dewlaney et al. (2012) indicate that design elements,
methods and means of LEED building construction increase the exposure to high
risk environments or chances of injuries. Suraji et al. (2001), however, has evidence
that inappropriate site condition only account for 6 % of the accidents on sites.

3.6.4 Time of Accidents

Perez-Alonso et al. (2012)’s research show that Thursday has the greatest incidence
of accidents (20.55 %), followed by Monday (20 %) whilst the period with the
greatest number of accidents occurred in the first 4 h of the workday. Almost half of
the accidents occurred close to the end of the week, i.e. Thursday and Friday. High
rates of serious accidents occurs from 19:00 to 23:00 (Lópeza et al. 2011).

3.6.5 Immediate Direct Causes Which Lead to Accidents

3.6.5.1 Fall from Height, Slips and Collapse

Many of the previous research suggests that fall from height is one of the major
direct causes of accidents (Huang and Hinze 2003; Zhou et al. 2012; Pinto 2014;
Hinze et al. 1998; Wu et al. 2010; Irumba 2014). Cheng et al. (2012)’s research
shows that fall or tumble was the most common cause of injury. It accounts for 47 %
among all accident types. Many of the accidents happen due to fall from elevation,
platform, ladder, roof and piled matter, fall on stairs and fall into openings (Nelson
et al. 1997). Lin et al. (2011) find that approximately 30 % of fatal events are
attributed to falls from stage or scaffold. Adam et al. (2009)’s survey find that 83 %
of the interviewees state that many construction sites fail to provide protection nets
underneath formwork against the consequence of a fall from a height. Leu and
Chang (2013) studies the direct and indirect causes of falls. It is found that the most
significant indirect causes of falls include improper use of safety equipment,
improper usage of personal protective equipment, a lack of effective safety facilities,
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ineffective safety equipment, unqualified safety nets, and the non-existence of safety
device. On the other hand, the most significant direct cause of falls is hoisting steel
beams but lack of safety facilities. When hoisting steel beams, the major causes of
falls include a lack of ideal fixed points for lifelines and safety belts, limited
construction pedal boards and the inability to erect a safety net (Leu and Chang
2013). Weil (2001) records that while 28 % of all fatalities arose from falls on sites,
42 % of all the OSHA standards cited pertained to fall protection or falls. Previous
research also shows that some seasons are more likely to have fall accidents. During
winter, Liao (2012) suggests that the higher risk of fall-related incidents due to
unpredictable wet weather conditions has to be managed with care. Weil (2001)’s
research reveals that the percentage of standards cited which is related to falls (42 %)
is disproportionate to the percentage of injuries due to falls (19 %). Apart from fall
from height, tripping, staggering, slipping caused a high proportion of accidents in
reinforcement work (Memarian and Mitropoulos 2013a). Zhou et al. (2012) find that
collapse accidents account for 51 % of all.

3.6.5.2 Hit by Objects, Mechanical Injuries and Electrocution
Accidents

Immediate direct causes such as mechanical hazards (i.e. struck by hand tools,
machinese, vehicles and cutting edges etc.), hit by falling objects (Ale et al. 2008;
Irumba 2014; Zhou et al. 2012) and struck by objects (Memarian and Mitropoulos
2013a; Hinze et al. 1998). A cross-sectional survey of 201 large-size building
projects, building records from Kampala City Council, safety statistics from the
Department of Occupational Safety and Health, and accident investigation reports
by Kampala City Council in 2008 shows that hit by objects and mechanical
hazards, such as struck by hand tools, cutting edges, machines, vehicles etc. account
for a large number of accidents on sites (Irumba 2014). Pratt et al. (1997)’s study
shows that excavating machinery, tractors and cranes were the machines that the
most frequently involved. The most common incident were struck by a mobile
machine and boom. Weil (2001) agree that there is a high proportion of injuries
(31 %) rise from workers being struck against or by an object. Memarian and
Mitropoulos (2013b)’s study, in the same vein, find that overexertion, contact with
and struck by object as the events with the highest frequency that lead to accident.

Electrocution is another major cause of accident that has been observed from
previous literature (Zhou et al. 2012). For example, Suárez-Cebador et al. (2014)’s
findings show that electrical accidents are almost five times more likely which lead
to serious consequences than the average accident in the sector. Chi and Han (2013)
show that 86 % of electrical shocks are the result of electrical wiring or apparatus.
Pinto (2014) contact with electricity is another major causes of injury alongside
injury caused by falling/swinging objects, hit by objects, contact with explosion,
machinery or fire. Li and Bai (2008) find that head-on is the major causes for fatal
accidents, rear-end was the major reason for dominant injury accident. A large
percent of fatal accidents involved trucks whereas a large number of injuries
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involved light-duty vehicles. Many of the fatal accidents happen because of alcohol
impairment, speeding, ignore the traffic control and speeding. On the other hand,
followed too close caused high percentage of injury accidents. Weil (2001) records
that although 18 % of deaths on site arise from vehicle related causes, less than 5 %
of OSHA standards cited in that year are related to motor vehicles.

3.7 Conclusions

Construction accidents have often led to huge costs in compensation. Thus, the
need to know the causes of accidents has become an important issue. The popularity
of World Wide Web has not only bought convenience to companies, it has also
opened the door to academic researchers from all over the World to obtain digital
information. This chapter reviews that the digital information about the causes of
accidents are mainly available in developed countries such as Europe and the US
from the 5 academic journal database. Many researchers study the statistics
obtained from official database or report, others obtain the data from questionnaire
surveys or interviews. Despite the previous research proposes that triangulation, i.e.
the usage of more than one research methods, is good to overcome the short-
comings of the research method. Third, Science Direct and ASCE library contain
more relevant journal articles than the other databases. Lastly, quite a large volume
of research focus on the immediate causes of accidents, such as fall, slip and struck
by objects and some of the workers’ characteristics as their objective of study/
findings of the results.
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Chapter 4
Relevant Data in the Rising Tide of Big
Data: A Text-Mining Analysis
in Construction Safety Index

Rita Yi Man Li

Abstract The previous generation of academia faced the problemof insufficient data,
academic journal articles and books. Thanks to the rapid development ofWorldWide
Web since 90s, academic papers published in one place can be viewed in another side
of the globe, insufficient literature and data problems have been relieved. Modern
academic researchers, however, face another major problem of big data. There are too
many irrelevant articles. Much of the time has been spent to search for the relevant
articles from the irrelevant ones. One of the major aims of this chapter is to review the
problem of big data based on the example of construction safety index. Construction
safety is an important issueWorldwide. The development of construction safety index
is of particular importance as it provides an objective measurement on the level of
safety on sites. This chapter reviews (1) how intelligence is the academic search
engine in screening the relevant articles out the irrelevant materials, (2) compare and
contrast the methods which are used to construct the construction safety indices with
the other indices constructed worldwide.

Keywords Construction safety index � Content analysis � Academic article
visibility � Academic journal database

4.1 Introduction

As the number of citations per article is often treated as one of the important
indicators in research output quality (Ebrahim et al. 2013) and the articles have
to be known to the other academics before the articles are cited, researchers in
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academia realizes the importance of article visibility. Gone are the days when
academic writers do their research in libraries, databases which hosts millions of
academic research papers online play a more important role in modern era. Like-
wise, article visibility no longer depends on librarian, but by the keyword search in
database. By inserting the keywords to the search query box, however, may return
with thousands or more than ten thousands of irrelevant works. Whilst the academia
in the olden days suffer from the problems of too few data, modern academia suffer
from the problem of big data—with too much irrelevant data but few are relevant
works. This chapter reviews the problem of big data in construction safety index
research. It includes 6 academic databases in City University of Hong Kong:
Emerald Management Xtra, Science Direct, Taylor and Francis Online, EBSCO,
Proquest and Springerlink. In the following section, it firstly reviews the importance
of academic article visibility, follows by an analysis of different types of indices’
construction methods and finally the construction index construction methods
which are found in the academic journal database.

4.2 The Importance of Academic Article Visibility

To publish one article, the researcher used approximately 18 citations on average
(Saechan 2014). In academia, number of citations per academic staff is often used as
a criteria to rank the university Worldwide. In Times Higher Education, citations
impact count 30 % among all the factors which include teaching and learning
environment, research volume, international staff and income from industry (Times
Higher Education 2014). Similar considerations can also be found in QS University
ranking method. Citations count for 20 % (QS 2013). This rule of game has
extended to academic staff’s promotion in higher education institutions.

Nevertheless, how to let the others to know the existence of the piece of research
is an important issue before getting cited in big data or knowledge explosion era. “If
we ever think of our knowledge base expansion in print publication only, it is
reasonable to imagine a world of text which is sufficient to cover our globe to a
depth of 1 in. up to 1,850. Hundreds of years later, amount of printed materials have
doubled to a depth of 2 in. By 1950, they have expanded to a depth of 36 in.”
(Li 2012). While publishing a high quality paper in scientific journals will be a
halfway of receiving citation in the future, the rest depends on “advertising” and
disseminating the publications with proper research tools. The more researchers and
students in other fields notice the presence of the research article, the more citations
they will have in the future. Some academic researchers may even argue that
citations of an article might depend more on visibility than the merit of the article.
High visibility article tends to have more downloads and later citations records.
Hence, another of the major way to increase citations is to expose the research
output to the widest possible academic audience (Ebrahim et al. 2013). All these
lead the flourish of various free academic online network such as Research Gate,
Academia. Some universities such as the University of Hong Kong has launched

62 4 Relevant Data in the Rising Tide of Big Data …



T
ab

le
4.
1

U
ni
ve
rs
ity

ra
nk

in
g
m
et
ho

do
lo
gy

us
ed

by
T
im

es
H
ig
he
r
E
du

ca
tio

n
(2
01

4)
an
d
Q
S
(2
01

3)

C
ri
te
ri
on

In
di
ca
to
r
us
ed

by
T
im

es
W
ei
gh

tin
g
us
ed

by
T
im

es
’
ra
nk

in
g

m
et
ho

d
(%

)

In
di
ca
to
r
us
ed

by
Q
S

W
ei
gh

tin
g

us
ed

by
Q
S

(%
)

C
ita
tio

ns
—

re
se
ar
ch

in
flu

en
ce

C
ita
tio

ns
im

pa
ct

(a
ve
ra
ge

ci
ta
tio

ns
pe
r

pa
pe
r
ac
co
rd
in
g
to

T
ho

m
so
n
R
eu
te
r’
s
W
eb

of
Sc
ie
nc
e)

30
C
ita
tio

ns
pe
r
fa
cu
lty

as
an

in
di
ca
tio

n
of

th
e

re
se
ar
ch

im
pa
ct

w
ith

th
e
da
ta

ob
ta
in
ed

fr
om

Sc
op

us

20

T
ea
ch
in
g—

th
e

le
ar
ni
ng

en
vi
ro
nm

en
t

T
ea
ch
in
g
re
pu

ta
tio

n
su
rv
ey

30
Fa
cu
lty

to
st
ud

en
tr
at
io

is
us
ed

to
in
di
ca
te
th
e

co
m
m
itm

en
t
to

te
ac
hi
ng

20

In
co
m
e
ea
rn
ed

pe
r
ac
ad
em

ic
Ph

.D
.
or

ba
ch
el
or
’s

aw
ar
ds

U
nd

er
gr
ad
ua
te
s
ad
m
itt
ed

pe
r
ac
ad
em

ic

Ph
.D
.
aw

ar
ds

pe
r
ac
ad
em

ic

R
es
ea
rc
h—

vo
lu
m
e,

in
co
m
e

an
d
re
pu

ta
tio

n

Pa
pe
rs

w
ri
tte
n
by

ac
ad
em

ic
an
d
re
se
ar
ch

st
af
f

30
N
il

0

R
es
ea
rc
h
in
co
m
e

R
ep
ut
at
io
n
su
rv
ey

ab
ou

t
re
se
ar
ch

In
te
rn
at
io
na
l

m
ix
—
st
af
f

an
d
st
ud

en
ts

R
at
io

of
in
te
rn
at
io
na
l
to

do
m
es
tic

st
af
f

7.
5

In
te
rn
at
io
na
l
st
ud

en
t
ra
tio

w
hi
ch

m
ea
su
re
s

th
e
di
ve
rs
ifi
ca
tio

n
of

in
te
rn
at
io
na
l
st
ud

en
ts
’

co
m
m
un

ity
R
at
io

of
in
te
rn
at
io
na
l
to

do
m
es
tic

st
ud

en
ts

Pr
op

or
tio

n
of

in
te
rn
at
io
na
l
co
-a
ut
ho

re
d

re
se
ar
ch

pa
pe
rs

In
du

st
ry

R
es
ea
rc
h
in
co
m
e
ob

ta
in
ed

fr
om

in
du

st
ry

pe
r
ac
ad
em

ic
st
af
f

2.
5

E
m
pl
oy

er
re
pu

ta
tio

n
is
qu

an
tifi

ed
ac
co
rd
in
g

to
a
gl
ob

al
su
rv
ey

of
gr
ad
ua
te
s’

em
pl
oy

er
s

0

A
ca
de
m
ic

re
pu

ta
tio

n
N
il

0
A
ca
de
m
ic

re
pu

ta
tio

n
ac
co
rd
in
g
to

a
gl
ob

al
su
rv
ey

of
ac
ad
em

ic
s

0

4.2 The Importance of Academic Article Visibility 63



the online scholar hub to allow us to download the academic staff’s articles freely. It
also leads to a research question that is suggested by the author, how easy it is to
find some relevant articles out of the irrelevant ones by using keywords search in
traditional academic databases available in the library online (Table 4.1).

4.3 The Rise and Problem of Big Data

The growth of the abovementioned academic databases eventually turns the
traditional close access articles to de facto “open access”. All the academic
researchers can upload and download some academic articles online. Outside the
academic circle, the birth of free and easy to use website making tools such as
Wordpress, some Web 2.0 tools such as YouTube and online social network such
as Facebook, LinkedIn, Google+ etc. essentially speed up the exponential growth in
volume of data. Beyond doubt, online databases are gaining weighs as avenues for
publishing data. All these, however, also implies that revolutionary measures are
necessary for data accessibility, management and analysis (Howe et al. 2008). How
to link up the data as efficiently as human brain may be an issue as pointed out as
the post Web 2.0 era or the so-called Web 3.0 epoch. For example, Chu and Yang
(2012) incubates the establishment of semantic web services for next generation
electronic library via Web 3.0, a kind of semantic social web mechanisms. Unlike
Web 2.0 which allows the readers to read, edit and rewrite the content online
(Li 2011; Li and Ah Pak 2010), it is foreseen that Web 3.0 will be more intelligent
than Web 2.0 which integrate Distributed Artificial Intelligence, semantics web and
intelligent agent into the ubiquitous networks (Chu and Yang 2012).

4.4 Indices Construction Method

To quantify the society’s phenomenon, such as the stock prices movement, and to
compare the different level of human development, we have developed different
indices for business and investment purposes. For example, Heng Seng Index is used
to measure the movement of a basket of stock prices in Hong Kong, World devel-
opment index is used to compare different level of development Worldwide. Like-
wise, there are tons of different ways to construct various indices in academia.
Table 4.2 shows the indices that are related to construction project (e.g. Xu and
Moon 2013; Hassanein and Khalil 2008), housing price (e.g. Wu et al. 2012),
consumer (Koster et al. 2014) and environment (e.g. Messer et al. 2014). Among all
of them, quite a number of the research articles adopt econometric techniques. For
example, Xu and Moon (2013) construct the construction costs index with the
Cointegrated Vector Autoregression Model, Wu et al. (2012) and Dusan and Victor
(2011) adopts the Hedonic Model to estimate the housing price and cost of living
index. Another group of the indices are constructed with statistical modelling, for
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Table 4.2 The construction methods of the indicies (author’s Table)

Author Name of the index Index construction method

Du et al. (2014) Financial center index FC-niche formation process

Dusan and
Victor (2011)

Cost of living index Hedonic model with substitution bias
considered

Hajkowicz
(2006)

Multi-attributed index Multi-attributed utility theory

MacDorman
et al. (2007)

Acoustic signal to emotion
index

Pleasure, arousal and dominance (PAD)
model

Wu et al.
(2012)

Housing price index in the
nascent market

Simple average method, matching
approach with repeating sales modeling
framework, hedonic modeling approach

Gündüz et al.
(2013)

Relative importance index
for construction projects in
Turkey

Relative importance index method
(ranking importance among factors)

Xu and Moon
(2013)

Construction cost index Cointegrated vector autoregression model

Shahandashti
and Ashuri
(2013)

Construction cost index Vector error correction model

Kodric and Lea
(2012)

Index of capital services on
construction price

Perpetual inventory method

Hassanein and
Khalil (2008)

Construction cost index Ordinary least squares method and
forecasting

Wang and Mei
(1998)

Forecasting of construction
cost index

Weighted average

Messer et al.
(2014)

Environmental quality
index

Principal components analysis (PCA)

Dyer et al.
(2012)

Construction inflation
index

Bayesian information criteria

Yadav et al.
(2011)

Cost escalation in
construction

Moving average method

Koster et al.
(2014)

Consumer quality (CQ)
index

Factor analysis

Sylvie et al.
(2013)

Construction security rating
index

Security vulnerability assessment (SVA)
method

Yu and Ive
(2008)

Building price index Hedonic price model

Eom and Paek
(2009)

Environmental disputes
risk index

Analytic hierarchy process model

Yeung et al.
(2007)

Partnering performance
index (PPI)

Delphi survey

Minchin et al.
(2008)

Construction quality index Analytic hierarchy process model

Li and Liu
(2010)

Malmquist index Malmquist (Bilateral) index method with a
novel decomposition technique

(continued)
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example, Du et al. (2014) uses the FC-niche Formation Process to formulate the
financial center index. Messer et al. (2014) uses of the Principal Components
Analysis (PCA) to construct the environmental quality index and Barrios and
Komoto (2006) uses the Sparse Principal Components Analysis (SPCA) to construct
the sustainable development index.

4.5 Research Method

As the volume of publication and the underlying knowledge base is expanding at an
increasing rate. Texting mining plays an important role in this aspect. Text clas-
sification attempts to determine whether a document has particular characteristics of
interest with regards to a given topic (Cohen and Hersh 2005). Text mining uses the
data mining techniques, information retrieve and extraction processes to provide a
more structured analysis of textual knowledge. The results obtained are more
meaningful than simple words search (Ananiadou et al. 2006). Text mining has
been used in different types of research. For example, Driel et al. (2006) uses text
mining to classify more than 5,000 human phenotypes in the Online Mendelian
Inheritance’s Man database. In patent analysis, text mining is used as information-
extracting and data-processing tool to change the raw data to structured data (Yoon
and Park 2004).

In the same vein, the research method for this chapter is text mining. With the
keyword search “construction safety index” and construction safety index without
quotation, the methods which are used to construct the construction safety indices
Worldwide are searched via the major academic journal database such as Science
Direct, Emerald Management Xtra, Taylor and Francis Online, Springerlink,
EBSCO and Proquest.

Table 4.2 (continued)

Author Name of the index Index construction method

Hamdi et al.
(2014)

International roughness
index

Regression

Ratick and
Osleeb (2013)

Vulnerability indices Weighted average, ordered weighted
average, data envelopment analysis

Barrios and
Komoto (2006)

Sustainable development
index

Sparse principal components analysis
(SPCA)

Antonio and
Jesus (2011)

Multidimensional well-
being index for the Spanish
regions

Principal components analysis (PCA)

Hardjosoekarto
(2012)

Social development index SSM-based AR (action Research)

Yanuar et al.
(2010)

Health index Structural equation modeling

Bernard (2004) Social vulnerability index SWOT analysis
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4.6 Research Results and Discussion

The research results show that although many of the databases list out a huge
number of the so-called relevant articles. By the time the author goes through each
of them, the relevant articles about construction safety indices are scarce. For
example, while there are 45,141 articles are claimed to be relevant about the
construction safety in Science Direct, there are only 7 of them are relevant when the
authors read them bit by bit. Similarly the screen shows that there are 33,377
relevant articles in Springerlink, only 1 is relevant. All these sheds light on the
problems of big data. The research results, however, open a new research agenda
for future construction safety research:

1. Majority of the construction index studies are built for the construction industry
in China. The author speculate that the reasons for this is:

i. There is a fast economic growth in the urban areas, leading to fast pace of
urban-rural migration, a lot of high-rise buildings are built in mainland
China, leading to a higher number of construction accidents as well as the
need to construct the construction safety index;

ii. There is an increasing need for new infrastructure such as train, bridges and
roads. As the construction process is complex and lots of accidents happen
on sites, all these lead to an urgent needs to locate some people, manage-
ment styles etc. which may lead to higher accident rates.

2. Previous construction safety index mainly focuses on safety management or
some specific worksites such as tower crane, metro, highway, hydropower plant

0 1 2 3 4 5 6 7

China

Hong Kong

Iran

Singapore

Spain

Turkey

Not specific

7

1

1

1

1

1

2

Fig. 4.1 Number of articles that studies the construction safety index/indicies in different cities or
countries (author’s figure)
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but none of them shed light on towers of building work. This reflects the fact
that many buildings in cities such as Adelaide are low-rise. There may be more
accidents in more complicated and longer construction projects. For example,
housing here may be one storey only, the likelihood of serious accidents may
not the likely happen as compared to civil engineering work like bridges and
tunnels. There is a more urgent needs for construction indices among these
complicated works with more accidents happen on sites.

3. In spite of the previous research shows that there are multiple reasons which
lead to construction accidents, few have studied the human errors but none of
the index has included workers’ background such as safety education and
training and the four aspects in constructing construction safety index (Fig. 4.1,
Tables 4.3 and 4.4).

Table 4.3 Research results of the academic journal databases

Database Keyword use Number
of articles
show on
the
screen

Number of
relevant article
(construction
safety index)

Percentage of relevant
articles as compared
to the articles show in
the screen (%)

Science Direct “Construction
safety index”

1 0 0.00

Science Direct Construction
safety index

45,141 7 0.02

Emerald Man-
agement Xtra

“Construction
safety index”

2 0 0.00

Emerald Man-
agement Xtra

Construction
safety index

1,564 0 0.00

Taylor and
Francis Online

“Construction
safety index”

0 0 Not applicable

Taylor and
Francis Online

Construction
safety index

0 0 Not applicable

Springerlink “Construction
safety index”

0 0 Not applicable

Springerlink Construction
safety index

33,377 1 0.00

EBSCO “Construction
safety index”

1 1 100.00

EBSCO Construction
safety index

10 3 30.00

Proquest data-
base (full text,
peer reviewed,
scholarly
journal)

“Construction
safety index”

0 0 Not applicable

Total number of articles 80,096 12 0.01
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4.7 Conclusion

Previous research on the methods which are used to construct the construction
safety index Worldwide via searching through the major academic journal database
such as Science Direct, Emerald Management Xtra, Taylor and Francis Online,
Springerlink, EBSCO and Proquest. Similar to any other economic, social and
environmental indices, our research shows that the development of construction
index adopts statistical tools such as Fault Tree Analysis and AHP. Unlike the
construction of economic indices, some of the construction indices are constructed
according to the results of interviews. This chapter also illustrates that current
relevant research on construction indices are quite scarce to when we use the
keyword construction safety index even though the database shows that there are
more than 10,000 relevant results. Majority are irrelevant. It showcases the problem
of big data in the World Wide Web.
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Chapter 5
An Institutional Economic Analysis
on Construction Safety Knowledge
Sharing and E-Learning via Mobile Apps

Rita Yi Man Li

Abstract The growth of World Wide Web and mobile technology such as mobile
phones and tablets nurture the mobile learning development. Construction workers
can now learn anytime and anywhere at affordable costs. Transaction costs of
obtaining various information and knowledge can be reduced substantially with
various mobile apps. Some workers who work alone can also obtain the knowledge
about their jobs or first aid knowledge via wireless devices. Likewise, the popularity
of various apps provide an alternative channels to construction firms and safety
officers who wish to share the construction safety knowledge with construction
workers who may have high time costs to attend safety lectures and tutorials. This
chapter reviews the present mobile apps usage in safety knowledge sharing and
m-learning feasibility. It is found that many of the safety mobile apps are used for
(1) building safety inspection checklists, recording the safety meeting, safety acci-
dents (2) knowledge sharing via videos and (3) calculate safety risks according to
different types of indices such as heat and heavy lifting.

Keywords Knowledge sharing � E-Learning � Mobile apps

5.1 Introduction

The rapid expansion of the internet creates a golden opportunity to exchange, gather
and disseminate information via World Wide Web (www). (Dutta et al. 2009). Web
services utilize the internet as one large platform of Web protocols with open
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standards, such as SOAP, HTTP and XML to develop various information systems
according to different programming languages which are used on heterogeneous
platforms (Chang and Hsiao 2011). The high expandability and cross-platform
information exchange of XML, for example, reduce the difficulties in exchanging
resources between heterogeneous databases, resulting from new database
architectures and formats (Chang and Hsiao 2011). The popularity of www also
leads to an increasing need to study the behavior of Web-user with efficient
Web-prediction technique Worldwide (Dutta et al. 2009). For example, Jansen et al.
(2000) analyze transaction logs of 51,473 queries posed by 18,113 Excite, a major
online search service users. O’Cass and Fenech (2003)’s findings indicate that
Technology Acceptance Model provides good theoretical framework to understand
Web users’ adoption for retail purposes.

On the other hand, as web browsers rely on Information and Communication
Technology (ICT) to view, edit and share the information in www, ICT has now
become an important and indispensible tool in communication and learning. It also
offers golden income generating opportunities, active participation in decision
making processes, provides a viable tools which overcomes the limitations of time
and space, knowledge and information sharing. All in all, it enhances efficiency and
transparency at work and everyday life activities. In general, popular ICT tools
include e-information processing tools such as desktop computers, notebook,
mobile phones, various fixed-line telecommunication technologies, wireless
communications and specialized application devices such as Global Positioning
Systems and barcode scanners and Braille readers. All these digital technologies
unlock the information that we need, increase productivity, enrich the quality of
lives and innovation (Samah et al. 2010). The new generations of mobile phones
allow us to view websites on line, send emails, join Whatsapps group anywhere and
anytime have led to another breakthrough in a new form of e-learning, i.e.
m-learning (Hrbáčková and Vávrová 2012). Without doubt, the rapid development
in m-learning recent years changes the teaching and learning façade. This growth
has been fastened by an advance development in mobile technology with an
introduction of third generation wireless system allow high-speed web service over
the internet, as well as the production of mobile devices that includes tablet PCs,
multimedia-enabled smartphone, Samsung Galaxy Tab and Apple iPad (Norman
et al. 2014). Furthermore, the popularity of the mobile apps imply that an app can
be used by many people around the World, removing the geographical boundary.
Modern learning is beyond traditional building envelope and the fixed internet.
Indeed, the advancement of mobile technology opens a myriad of learning
opportunities (Hussin et al. 2012).

Although the previous research finds that knowledge sharing among construction
workforce is restricted in traditional face-to-face interaction and the use of infor-
mation technology in construction companies is piecemeal and limited (Li and Poon
2009), the increasing population of generation Y and generation Z who are expert
users in computers may lead to another revolution of m-learning, mobile learning
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and mobile safety knowledge sharing on site (Li 2012). This chapter aims to study
whether the construction safety apps help construction safety knowledge sharing
and e-learning.

5.2 Knowledge

Knowledge is a combination of experiences which are gained and accumulated
from human practices during the World transformation. It is a summary and
distillation of information. Previous literature suggests that it is an philosophical
matter, which can be recognized, produced and used by our human brain alone
(Li and Song 2009). It is one of the most strategically important resources that
organizations have (Goh and Sandhu 2013) and may affect community develop-
ment (Sakolnakorn and Naipinit 2013). Knowledge is also regarded as a source of
power. It not only assumes the authority of “truth” but also processes the power to
make it true once it is applied in the real world. Knowledge, entails constraint,
regulation and the discipline of practice (Selvadurai et al. 2013). Where does new
knowledge come from? Some researchers are of the view that growth in knowledge
is exogenous to the economy. It is a result of economic progress under the lens of
new growth economics. Others concede that knowledge produces knowledge. It is
produced by our decisions to invest resources and produce new knowledge. In the
process of knowledge creation, learning from others is unavoidable. Although
information is kept private, the current theories of economic growth emphasize the
role of information externalities, i.e. information produced for private gain ends up
as a by-product to the social pool of information unintentionally. This in turn serves
as an input in knowledge creation and goods production (Arrow 1994).

Nevertheless, its intangibility in nature, the high transaction costs in processing
knowledge (Li 2014) also leads to the following concerns:

1. Some knowledge is difficult to replicate and imitate (Goh and Sandhu 2013);
2. It is transferred to the others and reproduced via sharing and studying (Li and

Song 2009).
3. Knowledge sharing process is voluntary, extra effort requires on top of job

requirement (Li and Poon 2009; Li and Song 2009).
4. Motivation is needed to smoothen the process of knowledge sharing (Li and

Poon 2009).
5. If an organization does not possess the ability to motivate its employees to share

knowledge, the knowledge inside the organization would not be optimized
practically (Qayyum et al. 2011).

Thus, many organizations are looking for factors that motivate their employees
to acquire continuous learning with inherent knowledge and secure their existence
in an organization (Qayyum et al. 2011).

Knowledge value increases when we share our knowledge (Ah Pak and Li
2009). As we engage in knowledge sharing, organization members exchange ideas.
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When the ideas collide and enlighten, organizational members convert implicit
knowledge to explicit knowledge (Lei and Chen 2011). Under this process, not only
those who receive it gain information, the feedback adds value to the original
knowledge sharer which in turn creates an exponential growth in knowledge
(Ah Pak and Li 2009).

5.3 E-Learning

E-learning has been viewed as is an emerging mission in modern educational
technology (Basha and Dhavachelvan 2010). Unlike the traditional face-to-face
learning process which is delivered by lecturer, e-learning process is created by
interaction with digitally delivered content, supported and serviced by various
Information and Communication Technology (ICT) to facilitate learning (Riad et al.
2009) at anytime and anywhere. It can also be viewed as a form of electronic
exchange of information for learning aided by ICT (Hrbáčková and Vávrová 2012;
Tawil et al. 2012).

The history of e-learning can be dated back to early 1960s Programmed Logic
for Automatic Teaching Operations developed by the Computer-based Education
Research Laboratory of the University of Illinois at Urbana-Champaign (Basha and
Dhavachelvan 2010). The development of e-learning, however, was very slow after
that. The development of World Wide Web, improvement in ICT and substantial
drop in personal computers and fixed internet’s prices in the 90s revolutionized in
the idea of e-learning. As many households afford to buy a computer for leisure,
study and work (Abedin 2011), many institutions nowadays use e-learning to
improve learners and lecturers’ performance. All these change the facet of educa-
tion: various learning activities can be learnt via virtual classroom. It is predicted
that e-learning has the potential to become a low cost education tool. For example,
Newcastle University has implemented Mathematics and Statistics e-learning
courses because of more function and control in the content, the ability to deliver
e-assessments to local schools with a variety of platforms (Tawil et al. 2012).
Similar actions have also taken place in University of South Australia.

The development of Web 2.0 where web browsers are allowed to read, write and
edit the online content (Li and Poon 2011; Li and Ah Pak 2010; Li 2010b) has
revolutionized the concept of e-learning. While the use of Web 2.0 is quite limited
for formal education purposes, they have already used in the students’ personal
world (Abedin 2011). For example, some of them learnt econometric modelling
techniques and software via YouTube. In Adelaide’s construction industry, many
project managers have joined the LinkedIn to receive updated information. There
are also construction safety groups in LinkedIn with many construction practitio-
ners/anyone who is interested in construction safety issues to ask questions and
receive answers when they face different types of site safety problems. For example,
Roberts (2014) from UK & Europe Rail BDM Iseeu Global Ltd post a question
“[i]s Fatigue and Lone working a real issue within construction. We work in the
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health market and within the rail industry. Within rail fatigue management is a huge
issue?” and successfully received three answers from safety trainer in Russia and
safety expert.

5.4 M-Learning: The Post E-Learning Era

As there is wider and better mobile networks as well as cheaper mobile devices,
mobile learning (m-learning), a modern form of e-learning (Binsaleh and Binsaleh
2013), delivered through mobile devices such as smart phones, Palms, pocket
personal computer, Personal Digital Assistants, tablet computer, digital cell phones,
and other handheld devices (Manuguerra and Petocz 2011; Binsaleh and Binsaleh
2013), offer support for effective learning and performance-based assessment
(Binsaleh and Binsaleh 2013). In short, the definition of m-learning is the educa-
tional use of mobile device. Current trend witnesses the distance education
throughout the world with mobile device to support the teaching and learning
process (Ismail and Azizan 2012).

M-Learning is convenient and flexible. It allows distance learners to access
information, learn anywhere and anytime at affordable costs with wireless
technologies (Binsaleh and Binsaleh 2013). This is particularly important to the
some learners who cannot learn something due to their geographical limitation. This
certainly have some important implications for workers on sites. As workers always
move from one site to another without fixed working locations, it is unwise to
request them to stay in one place to gather for any new information. Previous
research has already shown that this problem affects the effectiveness of some
construction safety management implementation on site (especially the large one)
such as KYT in Hong Kong (Li and Poon 2013), m-learning definitely helps
overcome geographical problems as such.

On top of that, earlier studies have shown that m-learning may enhance learners’
interaction, provide wider and more flexible access to education. It also enhances
active, cooperative and collaborative learning environment. By strengthening the
synergistic relationships from the system, it allows learners to deliver aggregate,
choose and transform their own knowledge that they need. In view of the flexibility
and convenience, m-learning is regarded as the future of distance education (Ismail
and Azizan 2012). From this perspective, proper adoption and well-designed
m-learning in construction safety education may also achieve the same goal. This is
of particular importance to construction workers who need to cooperate with the
others on sites and work as a team for a period of time. When they learn via
m-learning, the collaborative environment in the virtual World may extend to our
real World on site.
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5.4.1 The Potential of M-Learning: A Glance at Our Fast
Growing Market

The fast growth of new mobile devices such as tablets, mobile phones and
progression in wireless technology has increased the potential of mobile learning to
become an effective learning tool. Malaysian Communication and Multimedia
Commission reports that the major mobile phone users range from 20 to 49 years.
Digital Media shows that there are 100.8 mobile phones per 100 Malaysians which
implies that some Malaysian may have more than one mobile phone. Malaysian 3G
subscriptions grew tremendously from 427 in 2006 to 4,366 in 2008. In view of the
increasing mobile phone owners, educators look into the possibility of integrating
m-learning to university academic programs (Hussin et al. 2012).

5.4.2 Mobile Learning Worldwide

In view of the rapid development of m-learning, there is an expansion on the research
studies with regards to the impact of m-learning on learners’ learning process. For
example, MOBIlearn project, a Worldwide European-led research and development
project, explores the informal problem-based and workplace learning by various
mobile technologies (Binsaleh and Binsaleh 2013). An Australia research find that
learners are quite positive on m-learning with devices such as iPad despite most of
them do not believe that their learning have improved (Manuguerra and Petocz
2011). An iPad initiative in a US graduate management program notes that despite
learning outcomes have not significantly improved, m-learning enhance environ-
mental sustainability, convenience and flexibility. In Canada, the use of an iPad in
multiple-choice examination show that all participants like the idea as it saves paper
resources. Nevertheless, some students report there is extra stress caused by the
potentially unreliable or unstable internet. They are worried that their responses are
recorded and submitted incorrectly (Manuguerra and Petocz 2011).

A lot of the current mobile apps on safety are mainly used for recording
information. For example, Heavy Construction Systems’ specialists Inc. develop
Safety Field Manager for Mobile to allow the manager to record inspection
information. Safety meeting Apps is developed to record safety meeting, active/
inactive employers’ incident on site (Safety Meeting App 2014).

5.5 Transaction Costs, M-Learning and E-Learning

“The New Institutional Economics is preoccupied with the origins, incidence, and
ramifications of transaction costs” (Williamson 1979). Transaction costs, under the
lens of institutional economics, are any costs that do not exist in one man economy
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(Li 2010c). The costs of obtaining and searching for information costs are two of
the examples of transaction costs. Nevertheless, there are some differences between
transaction costs and information costs (Li 2010a) as information costs may exist in
one man economy and transaction costs refer to costs that only exist when there are
more than one persons (Fig. 5.1). From this perspective, the costs involved in safety
knowledge sharing among workers or between safety trainers/safety offices and
workers are classified as transaction costs.

5.6 Mobile Apps for Construction Safety

Previous search research of 249 construction firms reveal that construction
businesses use mobile applications (Apps) for updating project status, and assigning
tasks (22 %), scheduling (29 %), organizing business contacts (40 %) as shown.
The use of mobile devices allows construction workers to instant report on sites,
make decisions quickly so as to reduce time-consuming errors. It is reported that
some companies even create mobile zones which gives room to workers for testing
the new mobile apps for construction activities on sites (Maskara 2014). As the
abovementioned research studies have shown the possibility of using mobile apps
on sites, it also opens a new research agenda of whether there are some safety apps
that have been designed to enhance construction safety learning, knowledge and
administration (Fig. 5.2)

Canvas (2014), Simple But Needed (2014) and Fulcrum (2014) develop
construction safety inspection checklist such that the new safety officers know what
they should include when they perform safety inspections, lower their time in

Transaction costs, 
e.g. enforcement
costs in the 
contract (more 
than one persons)

Information costs, 
e.g. collecting and 
processing 
information (one 
or more than one 
persons).

Information and transaction 
costs coexist.

Fig. 5.1 Relationship between information costs and transaction costs (Li 2010a)
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searching for the relevant information from other safety officers or from the
previous safety officer who has already resigned from the construction companies/
contractors. Experienced safety officers can use them as reminder to prevent leaving
out any important safety inspection items. Heavy Construction Systems Specialists
Inc (2013), Monarch Construction Safety App (2014a) and Safety Meeting App
(2014) record information such as near misses, accidents and safety meetings. The
accidents report allow workers to learn from mistakes and avoid accidents happen
in the future (Monarch Construction Safety App 2014a).

Moreover, as compared to the traditional knowledge sharing methods, which
include face-to-face teaching and learning, black and white notes for workers as
well as safety knowledge sharing via telephone, mobile apps make sharing safety
videos which can be re-shown for many times until the workers understand the
whole process. Furthermore, as workers’ attention time spans are short and have
high time costs, 2 to 3 minutes video before using a tool which can share the safety
knowledge to workers, lower the chances of accidents happen on sites (Scott
development Group 2014). Video as such also lower the transaction costs, the costs
of obtaining knowledge, which require double conscience of time. As both the
safety trainers and workers have high time costs, mobile app can substantially lower
the transaction costs of knowledge sharing.

United States department of Labor (2014), for example, has developed an App
which allows construction workers and managers to calculate the heat index on site
so as to access the level of risk when the workers work outdoor workers according
to the heat index. HT NIOSH Lift Calculator allows workers to use the app to
calculate the weight limit for a job (App Shopper 2014). Employers Mutual
Casualty Co. and Affiliates (2013) develops LiftRight app, recommended weight
limit and lifting index can be calculated by entering workers’ lift data. By providing
recommendations based on the calculations, it improves workers’ safety
(Employers Mutual Casualty Co. and Affiliates 2013). As compared to the tradi-
tional face-to-face recommendations about heat stress, mobile apps as such lower
the costs of searching the information from a safety expert substantially (Fig. 5.2).

40%

29%

22%

9%
Organise business contacts 

Schedule the business

update project status and 
assign tasks 

Others

Fig. 5.2 Use of mobile apps on construction sites (Maskara 2014)
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Table 5.1 Mobile apps for construction safety (author’s table)

Software provider Name of the
software

Country Uses of the construction safety
apps

Mobile inspection
(MSI Data 2014)

VEIL inspection
software

US It ensures compliance with
safety or regulatory standards,
procedures and policies

It provides calibration or speci-
fication of equipment

It provides equipment trouble-
shooting defects or failures on
sites

It monitors security or safety of
equipment and personnel

Heavy Construc-
tion Systems
Specialists Inc
(2013)

Safety field manager
for mobile

US There are more than 500
pre-loaded tool boxes in field
manager of the apps which allow
the foremen on sites to record
information such as near misses,
inspections and meetings

The safety field manager inte-
grates with HeavyJob such that
workers from all field of opera-
tions are reading the same page

Safety Meeting
App (2014)

Safety meeting app US It generate PDF reports which
can be printed and downloaded

It provides date stamps for each
of the safety meetings

It covers many types of trades

It records the disciplinary actions
with electronic signatures

It records the attendance of the
employees

It records the incidents or
accidents

Canvas (2014) Construction safety
inspection report—
safety-link mobile
app

US This mobile app provides
construction safety inspection
checklist which is used to
promote and ensure safe
working conditions on sites

The checklist covers information
about housekeeping, fire safety,
lighting exits, documentation,
permits and so on

The app also process the
capability to capture images,
GPS location and a signature

(continued)
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Table 5.1 (continued)

Software provider Name of the
software

Country Uses of the construction safety
apps

Canvas (2014) Safety weekly
inspection of
scaffold—safety-link
mobile app

US It ensures workers’ safety and
health by performing weekly
inspection checklist for scaffold-
ing quickly and with ease with
smartphone or tablet

It records all the defects and
arranges for competent scaffold-
ing workers to rectify the defects

It includes photo and signature
capture tools

Simple But
Needed (2014)

Mobile construction
app

US It helps construction managers to
monitor construction safety on
site with various mobile devices

Inspectors can use the SBN’s
library checklists or generate
checklists with administrator’s
desktop tool

It allows inspectors to complete
checklists, incorporate photos,
generate reports and notify con-
struction managers of various
safety issues on site

The safety inspectors can also be
notified with regards to any
safety problems at an instant via
an electronic record

Because workers can use porta-
ble mobile devices such as
iPhones and other smart phone
devices, it eases the entire
construction crew to ensure
construction safety on sites

The app can be configured to
record safety tool box meetings

It enhances safety support for
injured workers who work alone
on site

Monarch Con-
struction Safety
(2014b)

Monarch construc-
tion safety app
(no. 1 app)

Not
specified

By assessing hazards, workers
are aware of the dangers associ-
ated with tasks on sites. Acci-
dents can be examined properly
and avoided in the future

Assessing hazards on the job site
with the app with is an easy and
quick way to record and share
the information of the hazards

(continued)
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Table 5.1 (continued)

Software provider Name of the
software

Country Uses of the construction safety
apps

Monarch
Construction
Safety App
(2014a)

Monarch construc-
tion safety app (no. 2
app)

Not
specified

Accident and near miss reports
record the near-misses and acci-
dents on sites. It helps workers
learn from mistakes and prevent
the tragedies from happening
again. It also keeps a record of
who should be reported to and
how the accident was dealt with

Tool-box meetings are used to
share safety knowledge and
concerns on sites. It records the
workers’ attendance records,
informs us who is aware of what
information, and who should
speed up their jobs

Safety observation sheets
records workers’ positive or
negative aspects of their jobs on
site. This helps the safety pro-
gram remedy the problems
before they become accidents
and reinforces which program
has already implemented

Tool tag-out sheets notify which
tool should be deemed out-of-
service, requires repair or a
previously broken tool is now
safe to use again

Fulcrum (2014) The construction
safety inspection app

The construction safety inspec-
tion app provides a checklist to
report hazards when we do
safety audit and site visit

This app provides construction
teams and site managers a simple
way to report conditions quickly
and accurately when we conduct
safety reviews for tracking
unsafe working conditions or
misuse of equipment,
documenting observed hazards
with photo documentation

(continued)
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Table 5.1 (continued)

Software provider Name of the
software

Country Uses of the construction safety
apps

Centers for
Disease Control
and Prevention
(2014)

NIOSH ladder safety
app for mobile
devices

US The app provides a graphic-
oriented guide and a multimodal
indicator for ladder inspection,
selection, positioning, renovat-
ing and safety use

The app is available in English
and Spanish

United States
department of
Labor (2014)

Heat safety tool US The app allows workers and
supervisors to calculate the heat
index on site and a risk level is
shown to outdoor workers based
on the heat index

With a simple click, reminders
about protective measures such
as short breaks that should be
taken to protect workers from
heat stress related illness, drink-
ing sufficient fluids, planning for
what to do in an emergency,
training on heat stress related
illness signs and symptoms,
monitoring workers for symp-
toms of heat-related illness and
adjusting work operations

App Shopper
(2014)

HT NIOSH Lift
calculator

US The impact of manual material
handling represents the single
largest contributor in construc-
tion industry. According to
Liberty Mutual Workplace
Index, overexertion injuries
which include lifting injuries
account for $13.4 billion direct
costs

Workers can use the app to
calculate the weight limit for a
specific task or job on sites

It helps workers to prioritize the
jobs that require ergonomic
intervention

American Red
Cross (2014)

First aid app US It provides expert advice for first
aid emergencies

It includes videos, simple step-
by-step advice and interactive
quizzes of the first aid

(continued)
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Table 5.1 (continued)

Software provider Name of the
software

Country Uses of the construction safety
apps

iTunes (2014) Safety Pro US It offers an efficient and secure
method to keep information
electronically for compliance
audits, future reference, accident
investigations and pre-shift
inspection

CNet (2014) Dropped objects
calculator

Not
mentioned

Enter the estimated fall distance
and the weight of the object, the
calculator will tell you the
potential impact on humans

The results are shown with
standard safety terminology and
joule impact of the fall

Understanding the potential
impact of a falling object is the
key in work planning, safety
awareness and accident
prevention

The calculator was developed by
the website developer of Risk-
Report (http://www.
aboutriskreport.com) with
DROPS

RiskReport believes that a safe
working environment requires
current-state-of-art solutions and
tools

DROPS is an industry-wide ini-
tiative which focuses on falling
objects prevention, with an
ultimate goal to deliver a falling
objects prevention strategy
across industry

DROPS is a global workgroup in
the energy sector with more than
70 contractors, operators, service
companies and industry bodies,
all sharing enthusiasm and com-
mitment for the goal of falling
object prevention so as to create
a safety working environment

(continued)
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5.7 Conclusion

The popularity of mobile apps change the facet of education and learning. It revo-
lutionized e-learning to m-learning. Workers can learn and share construction safety
knowledge via video with the help from various forms of mobile technology such as
iPhones, iPads, iTouch and tablets. It reveals that many of the construction mobile
apps for safety are used to record the construction accidents and make checklists for
the safety officers, share the safety knowledge via videos and calculate the various
indices to estimate the safety risks at work during high temperature and lifting
process. The results show in Table 5.1, however, also reveals that most of the apps
are developed by apps companies in the US. It implies that there is a large room for
safety apps in other places to develop the apps which are suitable for local needs.

Table 5.1 (continued)

Software provider Name of the
software

Country Uses of the construction safety
apps

Scott Develop-
ment Group
(2014)

iConstructSafe US iConstructSafe is a collection of
2–3 min safety reminder videos
which can be stored and viewed
via an iTouch, iPhone or iPad in
absence of wifi

The app includes a selection of
safety videos on air, hand,
power, gas, tool selection and
safety tips about the tool on site

It also includes videos on PPE,
falls prevention, ergonomics and
so on

The videos are designed to
inform workers on how to use
tools safely before they use the
tools

It features a safety tip of the day

Employers
Mutual Casualty
Co. and Affiliates
(2013)

Liftright Not
mentioned

By entering the workers’ lift
data, it calculates the recom-
mended weight limit and lifting
index

It improves workers’ safety by
providing recommendations
based on the calculations

It allows users to attach photos
or notes about lift information
such that the users can read and
view again at anytime and
anywhere

Note There are a lot more safety apps available in Google Play Store in the website https://play.
google.com/store/search?q=construction%20safety%20app&c=apps
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Chapter 6
Supply and Demand of Construction
Safety Regulations in Developing
Countries

Rita Yi Man Li, Jian Zuo and Terdoo Fanen

Abstract Construction industry plays an important role in developing countries’
economic development. It is often viewed as one of the major economic engines in
economic growth. A lot of these countries, however, are efficient-driven which often
undermine the safety importance on site. This chapter firstly reviews the economic
role of construction industry in developing countries, followed by an analysis on
safety regulations and related authorities in China, Nigeria, Kuwait and Ghana. It is
found that 1) these countries have implemented some safety rules and regulations, 2)
many of them are poorly design and 3) the enforcement is quite loose.

Keywords Construction safety regulations � Demand and supply � China �
Nigeria � Kuwait and Ghana

6.1 Introduction

Previous research suggests that developing countries are efficiency-driven economies
while the developed ones are innovation-driven economies. In efficiency-driven
economies, institutions support industrialization to pursuit economies of scale and
higher productivity. As the economy develops, the importance of industrial activity
shifts towards service sector (Lakovleva et al. 2011). Therefore, construction sector as
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one of the industrial activities, firstly grows in the less developed country, reaches the
peak in newly industrialized country and finally decreases in advanced industriali-
zation (Li and Poon 2013) (Fig. 6.1). “As the country is in the early stage of economic
development, there is a lack of essential infrastructure such as road, railway and
buildings. Everything have to be built on scratch. Nevertheless, once they are built,
they can be used for many years, London Underground and Paris Metro are some of
the vivid examples (Table 6.1). Although the earliest railway lines were built in the
late 19th and early 20th century, they are still used as a major means of transportation
nowadays. Nevertheless, if we have a quick glance at the Guangzhou Metro in China
and ThailandMRT in Table 6.1, a lot of the lines there were built in recent few years or
are still under construction. All these evidence the reason why construction industry
plays a more important role in developing than developed countries.”

Construction industry plays an important role in labour markers among the
developing countries as it hires a large workforce. For instance, the industry
povides 4% social employment and shares 5–6% of GDP (Li and Poon 2013).
In spite of huge economic contribution, previous research shows that developing
countries are often lack of effective mechanisms to implement and enforce
employment laws. Many construction companies are hired on casual and
temporary basis. Therefore, employment conditions are not defined properly and
hence provide little protection on workers’ safety and health (Kheni et al. 2006).
Protection of labors’ right on construction safety is little. As Kheni et al. (2008)
comments: “The institutional and legal governance frameworks on occupational
health and safety in developing countries have little impact… The majority of

Fig. 6.1 The relationship between economic development and construction activities (author’s
figure)
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contractors are SMEs operating within their domestic markets where enforce-
ment of health and safety standards and labour standards is very lax. Enforce-
ment of health and safety regulations remains a problem due to lack of adequate
resources available to government institutions responsible for occupational and
safety administration…the limited resources available to enforcement agencies
and prevention services as the main factor contributing to poor health and safety
conditions…Also, there remains an acute need for contract provisions to support
the enforcement of labour laws in developing countries. These problems are
compounded by shortages of skilled labour.”

6.2 Demand of Construction Safety Measures
in Developing World

Construction safety is often a persistent problem in developing countries. Previous
research results showed that about 1.2 million people died of accidents at work and
diseases every year and 100 times more people were ill or injured because of work
(Li and Poon 2013). Some of the construction projects are of higher safety risk in
nature, for instance, dam building, tunnel boring and demolition may lead to higher
probability of death and injury. Thus, construction workers have higher probability
of dying at work or having a major injury than any other industries (Snashall 1990).

Contractors in developing countries, in particular, the indigenous ones face
many constraints which hamper the effective safety and health management. They
may suffer from unregulated practices on construction sites, poor infrastructure,
traditional methods of work, traditional methods of construction, corruption,
communication problems due to low literacy level, absence of equipment, poor site
security, extreme weather conditions and improper use of equipment. Moreover, as
many workers are illiterate in developing countries, there are difficulties in training,
leading to another barrier to effective safety and health management (Kheni et al.
2006). For example, the industry accounts for 42 % of all the occupational fatalities
in Kuwait (Chua and Goh 2004). In Nigeria, construction industry’s fatality rate
reaches 20.1 % (Hamalainen et al. 2006). In Kuwait, construction industry is the
most hazardous industry (Al-Humaidi and Tan 2010). In Ghana, the industry is one
of the industry with the highest accident rate even though the number of employees
are not the highest (Kheni et al. 2006). It is reported that 56 out of 1,120
construction accidents were fatal which was higher than International Labour
Organization (ILO)’s estimation for developing countries (Li and Poon 2013) and
the European Union. The European Union accident statistics is only 1.5 fatalities
per 1,000 accidents. Despite many accidents in construction sector have not yet
reported (Kheni et al. 2008). Likewise, report on workers’ compensation which
shows that the sector had poorer health and safety performance record than most of
the other industries (Kheni et al. 2006).
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Many of the previous research criticize the poor safety regulation in developing
countries and cities is the major causes of higher accident rates than the developed
countries. Some of them reveal that there is a lack of relevant regulation or there is
no enforcement at all. Given the relative low compensation for injured or even
death of the workers and efficiency-driven societies, many construction companies
are lacking of incentive to provide adequate safety measures, construction sector
remains one of the most dangerous work in the developing World (Li and Poon
2013) and the economic costs of construction accidents are very high. It occurs due
to the loss of experienced and trained workers; higher insurance cost after accidents,
disruptions to work progress which may lead to an extension of time. Hence, an
economic incentive exist to prevent construction accidents (Choudhry, Fang, &
Mohamed, 2007) with the help of various safety measures.

6.3 Supply of Construction Safety Regulations
in Developing Countries

In the following section, we study four four developing countries' safety regulations:
Nigeria, China, Ghana and Kuwait. Among all of them China was the country with
highest GDP in 2010. Nevertheless, Kuwait stood the highest in GDP per capita as it
has a relative low population. As Kuwait is recovering from the destruction of war
and economic activities are limited in oil industries, it remains in the list of
developing countries. In Ghana, a thriving democracy, commitment to good
governance and development of the private sector powers a rapid economic growth
over the past 10 years. As a matter of fact, it is one of the fastest growing economies
in sub-Saharan Africa (Table 6.2). Construction contributes up to 8.8 % of GDP and
employs 1.4 % of the country’s work force with a significant proportion of formal
employment (Kheni et al. 2010). In the following section, we aim to review the
safety regulations, issues and solutions of the four selected developing countries.

Table 6.2 Background of the
five selected developing
countries
(TheGlobalEconomy.com
2013)

GDP (billions
of 2000 US dollar
in 2013)

GDP per capita,
purchasing power
parity in 2012

Nigeria 190.6 5439.6

China 4864.0 10756.5

Ghana 19.8 3668.0

Kuwait 96.6a 84187.7
a The data of Nigeria refers to year 2012
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6.3.1 Nigeria

6.3.1.1 Role of the Construction Industry

According to the Nigerian Engineering Leadership Forum (NELF), Nigeria’s
construction industry is one of the largest and fastest growing industries in Africa;
and has significantly contributed to Nigeria’s gross domestic product (GDP) growth
over the decades. It is also the fastest growing sector of the Nigerian economy next
to the leading telecommunications, with an annual growth rate of 13 % in 2012. In
the next decades, it is expected that the Nigerian construction industry will be the
fastest growing in the world. Presently, the value of construction as a percentage of
government capital expenditure in Nigeria is approximately 80 % (The Nigerian
Engineering Leadership Forum 2013). Therefore, as the Nigerian economy is fast
growing and presently assuming the leading position in the African continent, and
as the income and wages of civil servants and the political class continue to rise,
there are possibilities that the demands for construction projects generally will rise
significantly thus paving way for a huge demand for and supply of construction
safety regulations in the construction sector.

6.3.1.2 Related Laws and Regulations

Despite these recent developments in the construction industry in Nigeria, the
demand for and supply of construction safety measures is yet to be given the serious
attention it deserves by the government and the stakeholders (Dodo 2014).This is
obvious, firstly, in the previous laws and decrees (acts) enacted to regulate and
enforce compliance with safety measures, and secondly, in the altitude of the
stakeholders driving the operations of the industry (Olutuase 2014). The Factories
Act of 1958 referred to as the colonial legislation, the Workman’s Compensation
Act of 1987, the Labour Act of 1990, the Workman’s Compensation Act of 2004,
the Employee’s Compensation Act of 2011 were all genuine efforts to ensure proper
regulation and enforcement of safety measures in the construction industry.
However, these efforts were not sufficient and inadequate to regulate and enforce
compliance in the industry. This is because in some of these laws/acts (e.g. the
Factories Act of 1987 and others), construction industry is completely excluded in
the definition of its premises (Idubor and Oisamoje 2013; Olutuase 2014); hence,
the lack of regulation and enforcement of safety measures by the stakeholders as the
penalties and punishments stipulated for violation of occupational safety and health
(OSH) laws in Nigeria are not severe enough and insufficient to deterred offenders
and violators of safety measures in the construction industry (Idubor and Oisamoje
2013; Kalejaiye 2013; Umeokafor et al. 2014).

The enactment of the new Bill, namely: The Labour, Safety, Health and Welfare
Bill of 2012 did not only address the issue of exclusion of the construction industry
in the definition of its premises, but also stipulated adequate and sufficient penalties
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for violation of safety measures by stakeholders in the construction industry
hitherto neglected in the previous laws (Umeokafor et al. 2014). In addition, the
new Bill also empowers the Federal Ministry of Labour and Productivity and the
National Council for OSH to regulate, enforces and implements relevant measures
in the workplace; protects properties and lives; enhances OSH awareness; carries
out inspection of the workplaces and monitors the compliance of all the regulations
among other OSH measures stated in the Bill (Idubor and Oisamoje 2013; The
National Occupational Safety and Health Information Centre 2006; Umeokafor
et al. 2014). This recent legislative development has increased the awareness and
strengthened the demand for and supply of safety measures as well as regulation
and enforcement of OSH laws in the construction industry in Nigeria. However this
is not without challenges. For example, Umeokafor et al. (2014), highlighted some
of the major challenges hampering the efficient implementation and enforcement of
OHS laws in Nigerian construction industry to include these among others
(Table 6.3):

6.3.2 China

6.3.2.1 Role of the Construction Industry

The construction industry is one of the largest industries in China and is a vital
ingredient for the development of public infrastructure. In 2011–2012, the total
value of production brought about by the construction industry reached RMB

Table 6.3 Highlights of the key issues/challenges to of OSH regulations enforcement and ways to
improve OSH in Nigeria (Umeokafor et al. 2014)

Major issues/challenges of OSH regulations
enforcement in Nigeria

Solutions to improve OSH enforcement in
Nigeria

Lack of skilled personnel Recruitment and training of legal officers by
the legal departmentPolitics
Self-regulatory style of legal organisa-
tions should be used

Severity of penalties

The legal system Enforcement of OSH regulations at local
levelCorruption

Lack of funding Provide sufficient OSH information

Poor legislation Development and adoption of updated
regulations

Falling short of commitment from government Code of practice

Insecurity Updating OSH regulations

Insufficient information

Technological and economic growth

Culture
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13721.8 billion, contributing 7.0 % to the Gross Domestic Product (GDP). This was
an increase of 15.1 % over the previous year’s RMB 11645.3 billion. By the end of
2012 there were 75,280 Construction enterprises in China. These enterprises
employed some 42.7 million people and generated RMB 13721.8 billion in gross
output and RMB 2658.3 billion in added value. Tax contribution of the construction
industry reached 439 billion RMB in 2012 (National Bureau of Statistics of China
2013).

In the last decade, economic growth of China has continued at a tremendous
pace with an average annual growth rate of some 10 %. China’s entry into the
World Trade Organisation (WTO) and its successful bid to host the 2008 Olympic
Games have played a major role in this double digit growth rate. Similarly, the
Chinese Government’s efforts to alleviate the impacts of the global financial crisis
play a crucial role to the constant growth of the construction industry. The total
amount of fund provided by the Government reached 4,000 billion RMB of which
45 % were injected to the infrastructure development, e.g. railway, highway and
power grid (Zuo et al. 2011).

Therefore, it is imperative to focus on the safety performance of the construction
industry which considers the scale of construction activities, number of people
working in the industry, and the risks associated with construction projects.

6.3.2.2 Related Laws and Regulations

Laws related to safety in the construction industry include Construction Law, and
Safe Production Law. According to these two laws, the Regulations on the Work
Safety of Construction Projects was implemented in February 2004 to provide
guidelines for construction safety practices. This Administrative Regulations clearly
defined the roles and responsibilities of each stakeholder in ensuring the
construction safety such as contractors, design institutes, supervision engineer, and
governments. The emergency procedures are also specified. Similarly, it stated the
Prevention oriented approach as the fundamental principle of safety management in
construction projects. The human resource issues are also covered in this Admin-
istrative Regulations, e.g. qualification of firms and individuals. It is interesting to
note this Administrative Regulations is not amended at all during the last decade
(The Central People’s Government of the People’s Republic of China 2005).

6.3.2.3 Related Authorities

The main authority related to the construction safety in China is the Ministry of
Housing and Urban-Rural Development (MoHURD) at the central government
level. Under the leadership of MoHURD, Bureau of Construction Quality and
Safety Supervision is established at each province, municipality and autonomous
administrative region to manage construction safety related issues. Similarly, there
are other authorities responsible for construction projects in specific sectors. For
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example, there is a specific division under the Ministry of Transport dealing with
safety issues associated with transport related projects such as highway, water
diversion, tunnel, and bridges. There are overlapping issues of duties amongst these
authorities. The coordination between the large number of related authorities is
critical for the improvement of safety performance in construction projects in
China.

6.3.2.4 Key Issues and Solutions

Cheng et al. (2004) highlighted the issues related to construction safety in China as
well as corresponding solutions (Table 6.4). It is worth noting that majority of these
highlighted issues and corresponding solutions are management oriented rather than
technology related.

Table 6.4 Issues and solutions for safety management in construction projects in China (Cheng
et al. 2004)

Issues Solutions

Shortage of contractor’s budget Increase in investment resources

Lack of attention to safety protection by workers Increase in safety training and education
for workers

Increase in reprimand against violation of
safety

Insufficient involvement of local government

Improvement in safety operations

Too complicated construction project Increase in safety inspection

Excessively inclement weather Direct safety management by main
contractorLow level of construction technology

Insufficient safe operations Increase in safety technology

Lack of attention to safety management by main
contractors/project managers

Improvement in self-safety equipment

Implementation of safety policies and
programmesTiredness of workers

Mobility of workers No alcohol at work

Too many subcontractors Selection of safe contractors and
subcontractorsPoor quality of construction materials and

equipment Analysis of safety investment and
effectivenessInsufficient safety training
Senior management involvement in
safety management practices

Inadequate setting of safety level

Safety profile (record) for each operative

Enhancement of equipment management

Implementation of accidental insurance
scheme
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The safety performance of construction projects is poor compared to the inter-
national standard (Tam et al. 2004). Attitude of stakeholders towards safety is one
of most important factors to be considered for the improvement of safety perfor-
mance in construction projects (Aksorn and Hadikusumo 2008). For instance, the
attitudes of workers may affect their behaviour on site and consequently poses
different levels of risks to themselves, e.g. likelihood of occurrence of accidents.
The safety oriented attitude can be developed via regular trainings. Similarly, a
safety management system at the international standard such as the OHSAS 18001
helps to streamline the safety management practices as well as developing safety
attitudes within related stakeholders (Zeng et al. 2008).

According to Liao et al. (2014), communication plays a crucial role in main-
taining a safety climate in Chinese construction projects as many workers and
managers are lack of understanding of safety. Tam et al. (2004)’s findings suggest
that the safety manual is not communicated well with workers. As a result, the safety
management system defined at the corporate level has not been communicated well
to site level. Hence, a well-defined communication mechanism is required to bridge
the gap.

6.3.3 Ghana

6.3.3.1 Role of the Construction Industry

In Ghana, the construction industry contributes to 3.1 % of the total GDP. The
industry is dominated by small local companies with few of them hire more than
250 employees. Nearly all the local construction companies in Ghana are run by
owners, spouses, their children and other close relatives as family businesses. Large
firms which hire more than 250 are mainly foreign firms and are very rare. Similar
to many other developing countries, Ghana’s construction’s construction safety
performance is poor. It has higher accident rate than many other industry (Kheni
et al. 2006).

6.3.3.2 Related Laws and Regulations

Legislation on health and safety (including ILO conventions) are approved by the
parliament Safety and health clauses in contract conditions form part of the legal
framework of the Ghanaian occupational safety and health management system.
Statutes, common law, ILO Conventions provide the basis to enforce safety and
health measures on sites. The statutes which manage construction health and safety
include:
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1. The Factories, Office and Shops Act 1970;
2. The Labour Act 2003;
3. The Workmen’s Compensation Act 1987 (Kheni et al. 2006).

6.3.3.3 Related Authorities

There are five ministries responsible for OHS in Ghana: Occupational Health
Service Unit, the Environmental Protection Agency, the Labour Department, the
Factory Inspectorate Department and the Attorney General’s Department (Li and
Poon 2013). Among them, the Labour Department and Factory Inspectorate
Department are the two major government departments responsible for safety,
health and workers’ welfare. They are under the Ministry of Manpower Develop-
ment and Employment. The Factory Inspectorate Department has the right to
enforce workplace safety and health standards. It helps to ensure that all the
workplaces attain the minimum requirements of safety and health prescribed by
the Factories, Offices and Shops Act (Act number 328). Apart from site inspections,
the department proactively promotes workplace health and safety through seminars
and workshops, provides occupational safety and health information, conducts
workplace surveys and registers factories (including construction sites). The labour
department administers the Workmen’s Compensation Act (1987) and the Labour
Act (2003). Nevertheless, these two departments face logistical and human
resources constraints which have adversely affect their operational efficiency. The
Chief Factory Inspector find that the salary and fridge benefits are not attractive and
some staff leave after basic inspection training and work for a year. The turnover
rate is very high which is up to 50 % (Kheni et al. 2006).

6.3.3.4 Key Safety Issues and Solutions

It is observed that safety regulations are managed poorly by government depart-
ments (Kheni et al. 2006) and compliance of safety legislation is low. Problems of
compliance with legislation are evident from the brief safety provisions in contract
clauses The Chief Factory Inspector indicated the difficulty of monitoring
construction safety “[u]nfortunately, construction…is one of the hazardous areas
you can get workers in, but before you even get to a construction site, they have
already started the work either out of ignorance of the law or their refusal to comply
with the law. It is not like a factory where you know the location, and it is there for
several years. If they close down they will come and tell you whereas most con-
tractors will not register their sites and by the time the Factory Inspectorate is aware,
it is near completion. Often, we don’t get to construction sites to inspect the site
layout and other safety and health aspects before they start construction” (Kheni
et al. 2006).
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The safety regulations and laws in Ghana are scattered in Environmental
Protection Agency Act, the Mining Regulations and Labour Act. There is a lack of
careful planning in OHS statutes development, leading to fragmentation, overlap-
ping and inconsistencies in OHS laws. It also fails to defines the employees,
employers and government’s responsibilities clearly. Secondly, many illiterate
workers have not been covered by insurance. Thirdly, many construction firms rely
on temporary workers who do not belong to any form of labor unions (Li and Poon
2013) (Table 6.5).

6.3.4 Kuwait

6.3.4.1 Role of the Construction Industry

Construction workers make up about 9.9% of the total labor force from 2001 to 2007.
Figure 6.2 illustrates the trend for the number of total labor force and the number of
construction workers in Kuwait. In spite of the relatively low number of labor force as
compared to the entire industry, the percentage of accidents in the construction
industry is a lot higher than all the other industries (Al-Humaidi and Tan 2010).

6.3.4.2 Related Laws and Regulations

Kuwait labour law covers labors’ right which includes safety practices on sites
(Al-Humaidi and Tan 2010). It states the right to join the trade union (Al-Humaidi
and Tan 2010). In June, July and August, workers are prohibited to work from
12:00 to 16:00 to prevent workers from dehydration due to Summer’s hot weather
(Li and Poon 2013).

Construction injuries are classified into permanent disabilities, deaths and inju-
ries. Workers are compensated according to the level of injuried severity:

1. Permanent disable workers are compensated according to the level of disability.
The maximum compensation is around Kuwaiti dinar 13,333 (US$48,000)
or income of 2000 days whichever is greater.

Table 6.5 Issues and solutions for safety management in construction projects in Ghana (Kheni
et al. 2006; Li and Poon 2013)

Issues Solutions

The safety regulations are scattered in many different
rules and regulations

One separate sections for occupation/
construction safety may help

There is a lack of careful planning in OHS legal
development, leading to inconsistencies, overlapping
or fragmentation in OHS laws

Careful planning of the rules and
regulations are needed

The compliance rate of safety legislation is low Enforcement has to be tightened
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2. The deceased family members are compensated a salary of 1,500 days or KD
10,000 (US$36,000) (Li and Poon 2013).

Furthermore, even though Article 95 Chapter 15 of the general provisions in
Kuwait private sector labor law states that government officials have to carry out
site inspection, execute and implement labor safety rights, most of the safety
inspections are carried out by site engineers who work for the owners or their
representatives.

Firstly, rules with regards to compensation of injured or deceased workers in
accidents and a competent safety officers are needed. Finally, a database which
records all the nature, causes and results of the construction accidents are necessary.
All these measures are used to improve on-site safety and reduce the likelihood of
accidents in the future (Li and Poon 2013).

6.3.4.3 Related Authorities

The Safety Department provides safety information with regards to the proposed
activity or job. It also sends a safety representative to conduct site visits to ensure
temporary site access, storage and services’ safety. They also provide safety posters
with major instructions given to the contractor to be hung on sites on top of accident
prevention methods for each of the activities’s safety procedures. The Municipality
charges a certain fee as an insurance for safety and work completion which is
returned to the contractor when the project is completed together with a clearance
certificate (Kartam et al. 2000).
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Fig. 6.2 Number of total labor force and construction labor force in Kuwait (Al-Humaidi and Tan
2010)
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KM hires safety engineers and inspectors to conduct daily site inspections on
construction sites in Kuwait. These inspections include safety procedures and
equipment provided by the company alongside proper disposal of construction
materials and site cleaning. A safety checklist contains the major possible safety
violations which aims KM safety inspectors when they do inspection. This checklist
contains 29 items and is divided into three major sections:

1. Storage permits;
2. Safety procedures on construction sites;
3. Road and traffic permits (Kartam et al. 2000).

In Kuwait, when an accident happens, it is reported to the police first. The Safety
Department KM deals with the construction accidents directly after it is informed by
the police. After a notification from the police is received, the police will send a
safety engineer to visit the site, conduct investigation (including the safety proce-
dures), interview the witnesses and the injured victims if possible and finally write
the report about the site conditions and speculate the cause of the accident. Then, the
KM sends the report to police and insurance company. In general, companies violate
the safety requirement are penalized by a penalty ticket or a warning ticket according
to the type of violation. The penalties for each of the violation range from a few KD
to a few thousand (1 KD = US$3.27) (Kartam et al. 2000).

6.3.4.4 Major Safety Issues and Solutions

Similar to many of the developing countries, they are imperfect in construction
safety regulations. For example, the right to join the labor union is confined to
Kuwaiti citizens only (Chap. XIII, Kuwait Private Sector, Kuwait Labor Law)
despite 52 % of workers on sites are non-Kuwaitis (Al-Humaidi and Tan 2010),
leading to insufficient labor protection and the labors are difficult to lodge complaints
with regards to safety issues. Although thousands of safety violations have been
recorded on construction sites and thousands of safety warnings are issued by KM,
there are about 100 safety tickets given each year only. KM is notified late after the
accident sometimes, leading to poor or incomplete safety records. One of the large
companies had 30 claims over the past 3 years, however, it only paid a small amount
of money as labour compensation. All these evidence the loose enforcement in
construction safety (Kartam et al. 2000). The absence of unified safety regulations in
the three major government departments KPW, KOC and KM adversely affects the
safety enforcement on site:

1. The MPW has a safety chapter with regards to construction practices.
2. KOC has its own manual.
3. There is no standard safety manual in KM (Kartam et al. 2000).

Projects constructed by the US companies are ruled by the US, OSHA or Army
Corps of Engineers safety manual (Kartam et al. 2000). They may follow the British
Safety Standards when the projects are constructed by the UK companies.
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Alternatively, the may follow the Kuwait’s local standard (Li and Poon 2013).
Nevertheless, international standards may not necessarily suitable to the Kuwaiti
work environment as the advanced industrialize countries’ methods of practice may
be different from those which are used in Kuwait. Having said that, following the
national standards may not be a wise choice either. Many of these standards have
not been updated to meet the needs of the new construction methods and tech-
nology. For instance, prohibition of wooden scaffolding has not been included in
these standards. Current governmental safety inspection programs are ineffective as
there is a lack of qualified inspectors (Kartam et al. 2000). It is in no doubt that the
lack of up-to-date requirements and unified codes leads to construction safety
problems. Furthermore, the Worker’s Affair Department provides the right to the
government to impose stricter construction rules, legislations and standards but fails
to provide detailed investigation reports of accidents. Hence, senior managerial staff
and workers cannot learn from mistakes easily (Li and Poon 2013) (Table 6.6).

6.4 Conclusion

In developing countries, construction industry is very important in economic
development as many of the infrastructure such as roads, bridges and rails have not
been constructed. Nevertheless, many of these countries’ safety regulations are
poorly designed or/and enforced. Accident compensation is also limited. For
example, he there is lack of safety requirements and codes in Kuwait, piecemeal
development in Ghana’s safety regulations, main contractor and project managers
do not pay attention on safety issues. In view of high accident rates, poor
construction accidents records, huge costs of accidents which delay of construction

Table 6.6 Key issues and solutions of Kuwait’s construction safety (Kartam et al. 2000; Li and
Poon 2013)

Key issues Solutions

The right to join the trade union is restricted
to Kuwaiti citizens even though 52 % of the
citizens

The right to join the trade union should
include non-Kuwaiti citizens

There is a lack of unified requirements and
codes for local Kuwait construction safety
issues

Unified codes should be provided and
implemented on sites

There is a lack of detailed reports of accidents Detail accident reports should be provided

There is a lack of qualified safety inspectors The authority should train more safety
inspectors and salary should be increased so
as to retain the qualified ones

There is a loose legal enforcement on
construction safety issues

Legal enforcement should be tightened
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activities imply that there are strong demand for better safety regulations. In
summary, the supply of effective safety legal rules and regulations in many of the
developing countries fail to meet the demand.
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Chapter 7
Construction Safety Motivations in Hong
Kong: A Psychological Perspective

Rita Yi Man Li and Sun Wah Poon

Abstract There is an increase in the number of construction accidents in recent
years in Hong Kong. While most of the previous studies focus on the causes of
accidents and the associated costs the research on motivation of safety behaviors
among construction practitioners is relative scarce. This chapter sheds light on the
findings of a questionnaire survey and the results were analyzed with Principal
Component Factor analysis. The findings indicate that recognition of safety behavior
and workers’ safety concept are good motivation for workers to work safely. Human
relationship and goal acceptance are less important factor for safety motivation.

Keywords Construction safety � Motivation � Principal component factor analysis

7.1 Introduction

For decades the safety record in Hong Kong construction industry has remained
poor. It records the highest number of fatalities and accident rates among various
industry sectors in Hong Kong. Moreover, there is an alarm showing a growing
trend in recent years. There were 3,232 industrial accidents in the construction
industry, more than 3,160 in 2012 by 2.3 % though lower than 3,833 in 2004 by
15.7 % and higher than the average of the past 5 years 3,029 by 6.7 % (Occupa-
tional Safety and Health Branch Labour Department 2014) (Fig. 7.1). Poor safety
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records impose huge costs in Hong Kong. The employers need to bear the huge
monetary and non-monetary costs when accidents occur, for example, medical
expenses, compensation payments for pain, lose, suffering and lose, extension of
time etc. (Li and Poon 2007, 2013). The contractors may be banned from public
works project tender due to poor construction safety record. The injured employees’
families suffer from a loss of earning capacity or even loss of their family members
(Li and Poon 2007). In view of the worsening safety record in Hong Kong and the
huge monetary and non-monetary costs, this chapter reveals factors which affect
workers’ motivation to work safely from a psychology perspective.

Previous literature shows that humans are motivated by moral acts and approval
from others (Sutinen and Kuperan 1999), and behavior may be affected by external
factors (McCoy 2014) such as regulation (Li and Ah Pak 2010), pecuniary
compensation and promotion (Li and Poon 2011). On the other hand, we may also
be motivated intrinsically in absence of reward, i.e. driven by a self-defined goal,
social norms and the activity itself (Li and Poon 2011), personal interest (McCoy
2014) self-regulation (Joosten et al. 2009), self-determination, perceptions of
challenge and excitement (Li and Poon 2011). Maslow, for example suggests that
we are driven by inherent fulfilment rather than peripheral rewards, i.e. extrinsic
motivation (Li and Poon 2007).

7.2 Motivation: A Psychology Perspective

“I am content to defend the profit motive but there are also many organizations and
individuals who operate within the market economy who are not just motivated by
the maximization of gain.” (Booth 2011). Motivation is a complex issue as people
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Fig. 7.1 Number of industrial accidents and accident rate per 1,000 workers in construction
industry 2004–2013 (Occupational Safety and Health Branch Labour Department 2014)
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are driven by a number of different factors. Some of the acts are driven by money
but some are not. In general, motivation is a branch of human psychology which
studies human acts. The word “motivation” is derived from the Latin word
“movere” that means “move” (Qayyum et al. 2011). It is a psychological process
and goal-directed action through which people are pushed, persuaded, propelled,
energized, directed to engage and sustain in particular behavior (Chovwen and
Ivensor 2009; Ghazi et al. 2010; Qayyum et al. 2011). To ensure the success of a
company, employers must understand what motivates their employees best as it is
essential to improve productivity (Qayyum et al. 2011). As motivation has also
been defined as the arousal and persistence of behavior, safety motivation can be
defined as arousal and persistence of act which lowers the chance of injury (Li and
Poon 2007). In this chapter, we try to perceive the issue from hierarchy of needs
theory, two factor theory, expectancy theory, theory, theory Y, Hawthorne inves-
tigations and acquired needs theory, and goal setting theory.

7.2.1 Hierarchy of Needs Theory

Maslow’s hierarchy of needs theory suggests that our needs increases from
achievement of fundamental physiological needs to the want for self-actualization.
Once our basic fundamental needs are satisfied, we pursue higher needs (Zhao and
Siu 2014, forthcoming), i.e. satisfying one need sets the stage for moving up to the
next (Armstrong et al. 2003). He identifies our wants consist of physiological,
safety, love, esteem and self-actualization needs (Li and Poon 2007). Nevertheless,
it should be noted that there are different interpretation or version on the Maslow
theory of motivation. For example, Liu et al. (2010) suggest that the five basic
needs include the lower level physiological, safety and affiliation needs, respect and
self-actualization needs are high-level ones. Although Maslow’s theory implies that
people need to fulfil the basic survival needs before other issues such as safety,
empirical observations have found that such step-by-step, well-organized scale up
needs may not happen in reality (Li and Poon 2007).

7.2.2 Two Factor Theory

As Frederick Herzberg finds that Maslow’s motivation theory is imperfect, he
modifies it to “two factor theory” (Li and Poon 2007). The two factor theory
highlights the factors which affect our behavior as inhibitors (also known as
hygiene and demotivators) and enablers (also called as motivators and satisfiers)
(Parka and Ryoo 2013). The idea is built according to the responses of 4,000
people. Many of them identify job nature as the factor that motivates them to do the
work. Herzberg calls it “satisfier factor”. When they are asked what deters them to
do the work, many of them identify them as work setting. Herzberg calls them
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“hygiene factors”. While high level of “satisfier” leads to greater level of motiva-
tion, hygiene factors only affect motivation up to a certain level if and only if there
is some deficiency in the present environment (Li and Poon 2007). Hygiene factors
do not motivate us when they are there but in absence of them will lead to decrease
in motivation. For example, the presence of lighting will not motivate us to work
but absence of that will lead to a lower work motivation. Besides, it is found that the
presence of motivation factors not only increase our motivation but also level of
satisfaction (Li and Poon 2013). Nevertheless, Herzberg’s idea is also criticized
about the applicability of non-professional groups e.g. construction workers (Li and
Poon 2007).

7.2.3 Expectancy Theory

Expectancy theory has been regarded as one of the most widespread ways which
determine individual motivation (Liao et al. 2014). Expectancy theory has a close
relationship with incentive systems. It rewards those who have worked hard. While
Maslow suggests that our achievement is largely related to the need for inherent
fulfillment rather than the need for peripheral rewards which include money. Vroom
proposes motivation is determined by the perceived relationship between our action
and the results. The force which motivates us is a multiple of instrumentality,
valence and expectancy:

1. Expectancy concedes that we are of the view that performance perfection
requires sweats and tears of our hard work.

2. Instrumentality is the scope to which improved performance will lead to a
specific outcome.

3. Individual Valence implies the more stalwartly an individual recognizes that his
performance will lead to an outcome, the more motivated that individual will be
(Li and Poon 2007).

In the same vein, Liao et al. (2014) suggests that the amount of effort exerted by
us according to expectation theory is based on a systematic analysis of:

1. The values of the rewards arise from outcomes.
2. The chance that the rewards will result from the outcomes.
3. The probability of attaining these outcomes via their efforts and actions (Liao

et al. 2014).

Expectation theory implies that successful safety policy should minimize the possible
side effects. For example, safety measures which lead to an increase in time costs to
workers, tempt them to take risk instead. The theory echoes the economic theory that
people weigh costs and benefits before they make decisions. Although expectancy
theory presents a broad-spectrum structure for motivation behavior at work, there is a
lack of construct validity of mechanism of the theory (Li and Poon 2007).
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7.2.4 Theory X and Y

Theory X assumes that we dislike work and try to get rid of it. Hence, we must be
directed and threatened with punishment. Theory Y represents another side of the
coin about human behaviors. It assumes that work is as natural as rest and we all
prefer to take responsibility. External control and punishment are not the only means
which lead to an increase effort on organizational objective. We are motivated when
we are cherished as a precious member and suitable working environment is
provided (Li 2009; Li and Poon 2007). When theory X is put to practice, safety
officers penalize workers who fail to comply with safety requirements. If they are
followers of theory Y, incentive will be given to workers. Nevertheless, these two
theories represent two extremes that were unusual in practice (Li and Poon 2007).
Hertzberg, for example, suggests that we are motivated by a combinations of
positive rewards and negative punishment (Bierma and Krishnan 1997).

Other writers’ viewpoints on safety and punishment are listed in Table 7.1.

7.2.4.1 Safety Incentives and Punishment

When an unsafe act results in immediate positive reinforcement and potential
punishments are not intense, delayed and irregular, people choose to get hurt.
Punishment is unlikely to be effective if it is not frequent and of mild intensity. The
use of penalization has shown limited success, largely for the reason that punish-
ment is time and again apprehended to be less effective than positive reinforcement.
Besides, foremen are fear of resentment which may lead to lack of collaboration and
output (Li and Poon 2007).

Table 7.1 Viewpoints on punishment and incentives which motivate safety behavior

Author Viewpoints on incentives and punishment which lead to safe behaviour

Peters (1991) A reduction in construction accidents and injuries when there are safety
incentives

McAfee and Winn
(1989)

Safety indices did not get better in spite of the provision of safety
incentives

Shields (1995) Incentive programs produce too few winners. This can impel distrust
and create corruption which crop up even greater concern. Moreover,
employees may hide near misses and minor incidents which aggravates
future program. This approach has limited success as motivation is
short-lived

Goetsch (2003) Incentives can improve safety performance given that the incentives are
used properly
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7.2.5 Hawthorne Investigations

The Hawthorne Studies are one of the largest and the most influential investigations
in organizational research done by Elton Mayo and his research team. The research
results highlight the importance of human in a company and reinforce the idea that
as the Company grows, the role of human being will become more important. The
theory, however, has been criticized as the research results are “closed-system”
analysis. It tells little about climate or culture within which the organization operate
(Hassard 2012). Elton’s research team finds that psychological instead of physical
factors motivate us. The theory suggests that good working environment is not
enough to develop a safety work environment in construction industry. Informal
group culture may affect workers’ safety behavior (Li and Poon 2007).

7.2.6 Acquired Needs Theory

David McClelland’s research suggests that we desire for power to control others’
behavior. In view of this, if the employers want to enhance construction practi-
tioners’ safety motivation, power should be given to their workers. Most of the
social behavior can be understood in terms of an interaction between underlying
motives and features of the environment (Li and Poon 2007). He further suggested
that there are three basic motives as follows:

1. Achievement motivation (nAch): the driving force to do concrete tasks (Yagil
2006) from our mind, i.e. when we are committed to pursuing achievement
goals and a standard of excellence on own initiatives. This does not, however,
mean that the goals set by ourselves should lead to an achievement motivation
which is more important than goals given by the others others. nAch is also
defined as the desire to do things as rapidly/good as possible and overcome
obstacles, attain high standards, excel ourselves and surpass others. Generally
speaking, the achievement motive can be classified into avoidance tendency
“fear of failure” and approach tendency “hope of success” (Sandalgaard et al.
2011).

2. Affiliation motivation (nAffi): the desire to be affiliated with other people (Yagil
2006). It is aroused by the need of being affiliated and liked to others. It
concerns with restoring, maintaining, and establishing a positive affective
relationship with the others (Sandalgaard et al. 2011).

3. Power motivation (nPow): the desire to influence others (Yagil 2006). This
motive can be further divided into hope and fear of power (Sandalgaard et al.
2011). Those who are motivated by strong power may express this motive via
various socially acceptable forms of controlling and influencing others via
service provision and helping the others (Yagil 2006).
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7.2.7 Goal Setting Theory

Developed by Locke in 1968, Goal setting theory of motivation holds that intention
or goals are the most powerful determinant of our behavior. Goal setting affects
performance by boosting motivation, mobilizing effort, directing the attention and
actions of us. Award and incentive offered us should elicit better performance level
as it causes the individual to change our goal and intention. Goal setting theory
accepts that goals are the immediate regulators of our action. Our performance will
be improved when the goals are accepted by us and if the goals are effective and
higher goals lead to better performance than lower goals (Li 2006). Therefore,
effective goal setting can affect organizational performance (Jung 2014).

7.3 Application of Psychological Theories on Construction
Safety Motivation

In the research conducted by Li (2006), 42 effective questionnaires were received.
Participants were asked 14 questions (Table 7.2) on motivation based on 5-point-
likert scale (from 1 Strongly Disagree to 5 Strongly Agree) and the results are listed
in the following Table. As there are a number of unobserved latent variables which
account for the correlations among the observed variables, such that each observed
variable (y) can be expressed as a weighted composite of a set of latent variables (Fs).

Yi ¼ I1F1 þ AI2F2 þ � � � þ AikFk þ ei

Yi is the ith observed variable on the factors and ei is the residual of Yi on the
factors. Given the assumption that residuals are not correlated among the observed
variables, correlations among the observed variables are accounted for by the
factors. Factor analysis in the first stage produces an initial orthogonal solution and
the second stage produces a rotated solution from the solution obtained at the first
stage (Li and Poon 2007) (Table 7.3).

Eight factors of motivation are extracted after VARIMAX rotation as factor 1
which include bonus, penalty, awards, power, achievement, recognition, advance-
ment, work conditions. Since all these factors are related to recognition of the
workers safety behavior, factor 1 is named as “recognition of the workers safety
behavior”. Factor 2 consisted of Safety behavior achieving desired level of safety
performance, safety work outcomes and the priority of safety need. These 3 factors
are about the safety concept of workers. Therefore factor 2 is called “the safety
concept of workers”. Factor 3 consists of 2 factors: workers in the group and
relationships with peers. These 2 factors concerned about human relation and was
then renamed as “the human relationship”. Factor 4 is goal acceptance of safety by
individuals.
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The effect of these factors was ranked by the formula Fi ¼
Pn

j¼1

Aij

n where Fi is the

factor score, Aij is the mean score of the jth factor of safety motivation.

Factor 1 = (scoring of workers in work group + scoring of relationship with
peers)/(number of factor, i.e. 2 in factor 1).
Factor 1 = 3.1048 + 3.6429/2 = 3.3739 (Li and Poon 2007) (Table 7.4).

Results of our research indicate that recognition of safety behaviors and safety
concept of construction practitioners are good motivation for workers to work safely.
Human relationship and goal acceptance are less important safety factor of motivation.

Table 7.2 Fourteen questions about safety motivations in the questionnaire (Li 2006)

Items of motivation Abbreviation Name of the
psychological
theory

Average
score our
of 5

Ranking

1. Bonus is my safety
motivation

Bonus Theory Y 4.548 1

2. Safety behavior achieves
desired level of safety
performance

Beha Expectancy
theory

4.143 2

3. Awards are my safety
motivation

Award Theory Y 3.857 3

4. Safety goals’ acceptance by
individual is my safety
motivation

Goalacc Goal setting
theory

2.857 4

5. Penalties are my safety
motivation

Penal Theory X 3.857 5

6. Power is my safety
motivation

Power Acquired
needs theory

3.810 6

7. Achievement is my safety
motivation

Achieve Herberg/
acquired needs
theory

3.786 7

8. Recognition is my safety
motivation

Recognition Two factor
theory

3.762 8

9. Advancement is my safety
motivation

Advancement Two factor
theory

3.738 9

10. The safety work outcomes
are my safety motivation

Outcome Expectancy
theory

3.667 10

11. Relationship with peers is
my safety motivation

Peers Two factor
theory

3.643 11

12. The priority of safety need
compare to other needs such as
salary

Prior Hierarchy of
needs theory

3.595 12

13. Work conditions are my
safety motivation

Wkcon Two factor
theory

3.5 13

14. Workers in the group can
affect my safety behavior

Wkgp Hawthorne
investigations

3.105 14
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7.4 Conclusions

This chapter reviews the factors which motivate workers to work safely according
to psychological theories. The results of the questionnaires show that the safety
behavior recognition through bonus, penalty, awards, advancement etc. is the most
important factor which motivates us to work safely. The goal acceptance of safety
behavior is of the least important factors among the four major factors. It suggests
that extrinsic motivation is of stronger force than intrinsic motivation.

Table 7.3 Results of VARIMAX rotation (Li 2006)

Component Factor 1 Factor 2 Factor 3 Factor 4

Achieve 0.873 0.035 −0.372 0.001

Advance 0.816 0.328 0.192 −0.064

Award 0.92 0.207 0.126 −0.047

Beha 0.283 0.586 0.528 −0.026

Bonus 0.875 0.117 −0.406 −0.122

Goalacc −0.114 0.039 −0.088 0.936

Outcome 0.183 0.886 0.093 −0.155

Penal 0.781 −0.22 0.303 −0.351

Power 0.822 0.196 0.258 −0.089

Prior −0.025 0.826 −0.071 0.156

Reco 0.84 0.165 0.115 0.225

Relat 0.22 −0.179 0.684 0.548

Wkcon 0.865 −0.188 0.12 0.023

Wkgp −0.02 0.137 0.873 −0.184

Percentage of variance 42.53 15.55 14.81 10.44

Table 7.4 Factor score of 4 factors (Li 2006)

Name of the factor Components of the factor Factor
score

Rank

Safety behaviour
recognition

Bonus, penalty, awards, power, achievement, rec-
ognition, advancement, work conditions

3.86 1

Workers’ safety
concept

Safety behavior achieving desired level of safety
performance, safety work outcomes and the priority
of safety need

3.80 2

Human
relationship

Workers in the group and relationships with peers 3.37 3

Goal acceptance
of safety behavior

Goal acceptance of safety by us 2.86 4
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Chapter 8
A Conceptual Study of Construction
Workers’ Safety Performance from Safety
Climate and Social Exchange Perspectives

Rita Peihua Zhang and Rita Yi Man Li

Abstract Construction safety performance can be measured in a number of ways.
Some of the popular indicators include number of construction accidents, fatalities
and fatalities rate and compensation. Nevertheless, it is criticised that these lagging
indicators cannot accurately measure safety performance on sites. Hence, another
strand of literature views the issue from safety climate and social exchange
perspective. Safety climate, our perceptions of safety practices, policies, procedures
about safety on site provides an indicator for safety priority at work. On the other
hand, social exchange theory perceived organisation support affects our obligation,
gratitude and trust on various issues in workplace including safety. Perceived
organizational support and leader membership exchange, under the umbrella of
social exchange, are two major items which may affect construction safety
performance.

Keywords Safety performance � Safety climate � Social exchange

8.1 Introduction

The role of safety climate in safety performance at work has been well-informed by
numerous studies in different industries and countries. For example, Williamson
et al. (1997), Flin et al. (2000), Fang et al. (2006) validate the dimensions under-
lying safety climate construct. Mearns et al. (2003), Cooper and Phillips (2004),
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Smith et al. (2006) and Clarke (2006a, b) empirically test the relationship between
safety climate, safety-related behaviours and outcomes. Zohar (2008), Meliá et al.
(2008), Lingard et al. (2010a, b), Brondino et al. (2012), Lingard et al. (2012)
develop multi-level safety climate measures to distinguish between organizational
level safety climate and group level safety climate. Based on 30 years’ of safety
climate research, Zohar concludes that it is time to move to ‘the next phase of
scientific enquiry in which constructs are being augmented by testing safety climate
relationships with antecedents, moderators, and mediators, as well as relationships
with other established constructs’ (Zohar 2010, p. 1517) (Table 8.1).

Researchers suggest that social exchange relationship between employees,
leaders, and organizations may have important safety implications (Hofmann and
Morgeson 1999). Social exchange engenders individuals’ personal obligation,
gratitude, trust and is characterized by reciprocity (Blau 1964). In light of social
exchange principle, one party’s favour would lead to another party’s positive action
in return. For example, when an organization shows an extended consideration for
employees’ well-being and investments on employees’ career, employees are found
to reciprocate with improved performance on core tasks, high level of organizational
citizenship behaviour, more affective commitment and intention to stay (Tsui et al.
1997). Social exchange relationship is also applicable in safety management, i.e. if
employees perceive that management emphasize on the importance of safety, and
care of employees’ safety and well-being, employees would feel obliged to recip-
rocate with compliance of safety rules and procedures, as well as safety citizenship
behaviour. Recently, a number of empirical studies have been conducted to explore
the linkage between safety climate and safety-related behaviours/outcomes by
integrating social exchange perspective. For example, Kath et al. (2010) report that
railway workers’ upward safety communication behaviour (i.e. discussing safety
issues with their supervisors) is jointly determined by safety climate predictors and
social exchange relationship between workers and their supervisors, which is known

Table 8.1 Types of safety performance measurement methods (authors’ Table)

Author Types of safety performance City, country

Irumba (2014) Construction accidents Kampala,
Uganda

Suárez-Cebador et al.
(2014)

Construction accidents Spain

Li and Poon (2013) Construction accident compensation; construc-
tion accidents

United
Kingdom

Li and Poon (2009a, b) Construction accident compensation Hong Kong

Hinze and Teizer (2011) Fatalities United States

Fabrega and Starkey
(2001)

Fatalities United States

Dement and Lipscomb
(1999)

Construction accident compensation United States

Ling et al. (2009) Fatalities Singapore
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as leader-member exchange (LMX). DeJoy et al. (2010) empirically test a model of
social exchange and safety management, which mainly focuses on the exchange
relationship between organization and employees, i.e. known as perceived organi-
zational support (POS). They find that POS affect employees’ perceptions of
organizational safety climate, which in turn affect perceived safety at work and
self-reported accidents. The effect of social exchange in shaping employees’ safety-
related attitudes and behaviours implies that safety outcomes are part of the dynamic
interactions between employers and employees (DeJoy et al. 2010).

Safety performance in the construction industry is relatively poor as compared to
other industries. A large number of construction injuries and fatalities have been
reported worldwide (Atkinson and Westall 2010). There has been an increasing
consensus that organizational, managerial, and human factors are critical causes of
accidents rather than pure technological failures in construction industry (Mohamed
2002). This has driven researchers to consider originating managerial and culture
factors that shape acts and conditions in work places (Behm and Schneller 2012;
Haslam et al. 2005). Fang et al. (2006), Meliá et al. (2008), Lingard et al. (2009),
Lingard et al. (2010a, b), Lingard et al. (2012). Substantial work has also been
carried out by researchers to measure safety climate in the construction industry to
diagnose the difficulties or problems in safety management systems). The
construction industry is operated around projects, and workers from the same
construction company are assigned to different workgroups for different projects.
The construction sites are usually spatially remote from the company office,
resulting in few opportunities for on-site workers to directly interact with the senior
management of their company. However, they have daily communications with
their group supervisors, whose supervisory safety leaderships give rise to the for-
mation of group-level safety climates. Previous studies have provided empirical
evidence that multi-level safety climates exist in the construction industry (Lingard
et al. 2009, 2010a, b, 2012; Meliá et al. 2008). However, most of the existing work
only focuses on the effect of the multi-level safety climates on workers’ safety
behaviour or direct safety outcomes. It is anticipated that the exchange relationships
between workers, construction organizations, and supervisors also have important
implications on worker’s safety performance. This paper aims to develop a con-
ceptual explanation of the predictors which affect construction workers’ safety
performance by integrating safety climate and social exchange perspectives, and
propose an integrative research model for future empirical testing.

8.2 Safety Performance

A comprehensive literature review indicates that existing literature mainly focuses
on the direct safety outcomes: recorded accident injuries, compensation (Dement
and Lipscomb 1999) accident rate, and number of fatalities/fatalities rate (Fabrega
and Starkey 2001; Hinze and Teizer 2011; Ling et al. 2009). Dement and Lipscomb
(1999)’s research shows that there were 31,113 workers’ compensation claims
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among 7,400 North Carolina Homebuilders Association members and their
subcontractors from 1986 to 1994. Tam et al. (2006) identify accident per 1,000
workers as the safety performance. Ling et al. (2009)’s research shows that the
fatality rate in Singapore’s construction industry is unacceptably high as 39 % of
the total workplace fatalities come from construction sector alone. Waehrer et al.
(2007) uses national incidence data from the Bureau of Labor Statistics to construct
a comprehensive cost model which includes indirect losses in wage, direct medical
costs and household productivity.

Neal et al. (2000), however, note that there has been a shift in safety literature
from individual level factors which lead to incidents and accidents such as
non-compliance with safety procedures and human error or to organizational factors
which include safety climate in recent years. It is argued that these ‘lagging indi-
cators’ are not able reflect workers’ safety attitude and safety behaviour. Griffin and
Neal (2000) and Neal et al. (2000) point out that one of the key assumption of
studies which examines the relationship between safety climate and direct safety
outcome is that individual safety performance plays the mediating role. In existing
literature, however, not many studies have explicitly examined the influence of
safety climate on workers’ safety performance. It is worthwhile to explore how
safety climate predicts safety outcomes through its shaping effect on individual’s
safety attitude and behaviour.

Marchand et al. (1998) argue that the traditionalway ofmeasuring safety behaviour
is too limited as it only focuses on employees’ compliance to safety rules. They
suggest that workers’ initiatives should also be taken into account when developing
safety behaviour measures. In Griffin and Neal (2000), Neal et al. (2000), Neal and
Griffin (2006)’s studies, safety compliance and safety participant are found to be the
twomajor components which affect safety performance. These two components were
developed based on Borman and Motowidlo’s (1993) idea that performance consists
of task performance and contextual performance. Task performance is ‘the activities
that are formally recognized as part of their jobs, activities that contribute to the
organization’s technical core either directly or indirectly’; while contextual perfor-
mance ‘supports the organizational and psychological environment in which the
technical core must function’ (Borman and Motowidlo 1993, p. 73). According to
these definitions, safety compliance is used to describe the mandatory core safety
activities that individuals need to perform to maintain workplace safety (Griffin and
Neal 2000). Examples of workers’ safety compliance may include following correct
working procedures, adhering to safety rules and wearing appropriate personal
protection equipment (PPE). Safety participant is considered to be more voluntary in
nature, and includes behaviours that are beyond workers’ formal duties, e.g. safety
extra-roles or safety citizenship behaviours. Examples of safety participant may
include looking after co-workers’ safety, promoting safety program in workplace,
demonstrating initiatives in improving safety in workplace (Neal et al. 2000). These
behaviours help to create a psychological environment that supports safety.

The two component safety performance model has recently received much rec-
ognition and application in safety management research. For example, Vinodkumar
and Bhasi (2010) found that some safety management practices influence safety
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compliance and safety participation through the mediating effect of workers’ safety
knowledge and motivation. In a comprehensive meta-analysis conducted by Clarke
(2006a, b), safety compliance and safety participation are found to partially mediate
the effect of safety climate on accident involvement. This study will also examine the
two component safety performance as dependent construct and identifies predictors
to construction workers’ safety performance.

8.3 Organisation Climate, Safety Climate and Safety
Performance

Neal et al. (2000) suggest that organizational climate is a multidimensional
construct which encompasses a wide range of individual evaluations of our work
environment. It exerts strong impact on our motivation to achieve some desire
outcomes. Evaluations on organisational climate may focus on general dimensions
of the environment which includes communication, leadership. General perceptions
of the organizational context affect the interactions among us, attitudes on orga-
nizational rewards and responses to changes in work environment. General orga-
nizational climate also affect the skills and knowledge by increasing participation in
various work related activities such as training. On the other hand, specific
dimensions include customer service climate or safety climate.

Under the lens of Neal et al. (2000), safety climate describes our perceptions on
the value of safety in work environment. A range of factors have been identified as
important components in safety climate:

1. Management values, for example, management concern for employees’
well-being;

2. Management and organizational practices, for example, adequacy of training,
provision of safety equipment, quality of safety management systems;

3. Communication and workers’ involvement in workplace health and safety (Neal
et al. 2000).

Previous research shows that strong and positive safety climate are linked to high
levels of safety performance (Lingard et al. 2011). In general, safety climate is
defined as ‘individual perceptions of the policies, procedures, and practices relating
to safety in the workplace’ (Neal and Griffin 2006). It provides an indication of
‘priority of safety’ in an organization relative to other priorities such as production
and cost (Zohar 2000). Safety climate shapes worker’s safety behaviour through
formed expectations about how safety is valued and rewarded by organizations
(Lingard et al. 2010a, b). Therefore, the behaviors and safety climate of site man-
agers and workers are crucial (Holt 2001). A strong and positive connection between
safety climate and safety behaviours/outcomes has been supported in a large number
of studies. For example, Clarke (2006a, b) find that a positive safety climate, which
is characterized by workers’ positive response to safety and low conflict between
production and safety, significantly predicts workers unsafety behaviour in a
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UK-based car manufacturing plant. Based on a survey conducted in four industries
of manufacturing, construction, service and transportation, Huang et al. (2006)
reported that positive safety climate is reversely associated with employees’
self-reported occupational injury and the relationship is mediated by employees’
safety control. Neal and Griffin (2006) reported a lagged effect of safety climate on
individuals’ safety behaviour. Specifically, safety climate at one time predicts sub-
sequent changes in employees’ safety motivation, which in turn leads to subsequent
changes in employees’ safety behaviour. Employees’ improved safety behaviour
then positively associate with a subsequent decrease in accidents. In the construction
industry, strong evidence is also provided by researchers regarding the significant
impact of safety climate on safety performance. For example, in the US construction
industry, Gillen et al. (2002) discover that the injury severity reported by injured
construction workers is significantly correlated to the workers’ safety climate per-
ceptions in terms of management’s concern with their well-being, managements’
actual respond to this concern as well as existing physical working environment
condition. Siu et al. (2004) find that workers’ perceptions of the safety attitudes hold
by their colleagues, mangers, safety officers, supervisors as well as themselves
predict worker’s self-reported occupational injuries in the Hong Kong construction
industry.

Safety climate in early safety management studies mainly refers to organizational
safety climate. Although employees’ perceptions of their supervisors’ and
co-workers’ safety attitudes and behaviours are also assessed occasionally, they are
considered to be part of the organizational safety climate. There is no specific dif-
ferentiation between organizational-level and group-level climate in these studies.
Researchers argue that a more fine-grained safety climate analysis is required in large
and complex organizations such as the construction industry, where decentralized
organizations and non-routine works are involved (Lingard et al. 2009, 2011).
Although recent academic interest in measurement of safety climate has resulted in a
growth in assessment instruments via large-scale surveys, there is no consensus on
theoretical framework in this area (Flin et al. 2000). Construction workers from the
same construction companies are assigned to different workgroups for different
construction projects. These workgroups are usually spatially dispersed from each
other and remote from their company offices. Construction workers usually have few
opportunities to directly communicate with top management of their organizations.
However, they have daily communications with their supervisors, who provide daily
instructions and guidance to their work. According to Zohar (2000), top management
are mainly concerned with policies making and establishment of procedures for
policy implementation, while supervisors are those who execute the procedures by
turning them into context-specific action directives. This gives rise to the source of
safety climate perceptions for two levels of analysis, i.e. policies and procedures
related to organizational level and supervisory practice related to group level (Zohar
2000). Supervisors play a critical role in conveying safety message from senior
management level to workforce level (O’Dea and Flin 2001). Due to supervisors’
discrepant interpretation and implementation of formal procedures, different
group-level climates are created. In the study conducted by Lingard et al. (2009), it is
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empirically found that distinct workgroup safety climates exist in the construction
industry, which explains different safety performance among workgroups.

Employees form their perceptions of group safety climate mainly by interpreting
whether supervisory practices converge into an internally consistent pattern
regarding relative priority of safety over competing operational goals such as speed
and cost (Zohar 2000; Zohar and Luria 2005). For example, it is considered to be an
inconsistent pattern if a supervisor emphasize safety in one occasion while ignores
safety in another situation. Workers’ perception of supervisors’ safety priority, to
certain extent, reflects supervisors’ commitment to safety. Prior research has pro-
vided substantial evidence that supervisory safety leadership plays an important role
in safety management. For example, Zohar (2000) find that group climate reflected
by workers’ perceptions of supervisory practice significantly predicts micro-acci-
dent record in manufacture sector. Lingard et al. (2010a, b) reveal that high level of
supervisors’ safety expectation is one important facet of strongly supportive safety
climate for workgroups in the construction industry. They discover that workgroups
with strong supportive safety climate report lower injury frequency rates than other
workgroups. Therefore, it is hypothesized as below.

8.4 Social Exchange, Perceived Organisation Support,
Leader Member Exchange and Safety Behaviour

8.4.1 Social Exchange Theory (SET)

Social exchange theory (SET) suggests that our behaviour is a kind of reciprocation
relationship (Mansor and Ali 2010), depend on the perceived rewards, i.e. the
perceived benefits that will bring to us (Tyrie and Ferguson 2013; Zhang and Ng
2012). We act accordingly to maximize our benefits and minimise the costs. If we
do not receive any reward after providing favour to others, we will not do them a
favour later. On the other hand, if the other reciprocate with a return, more rounds
of exchanges will become possible (Zhang and Ng 2012). This action is mainly
driven by the one who receive benefits from others later feel that there is an
obligation to compensate through effort and loyalty (Mustapha et al. 2011). The
idea is similar to n-rounds game theory where participants’ behaviour in stage 1 will
affect the later stage (Li 2011; Li and Poon 2011). Hence, SET is characterised by
reciprocal relationship where our action will affect the others (Zhang and Ng 2012).
Cook et al. (2013) concedes that social exchange is an exchange activity of tangible
or intangible, rewarding or costly materials between at least two parties according
to the function of payoff. Therefore, Skinner’s enforcement principles derived
from behaviourism can be used to explain the persistence of exchange relations
(Cook et al. 2013), some of the motivations theory such as intrinsic and extrinsic
motivation, theory X, theory Y etc. are valuable to identify the usefulness of
external forces (rewards, punishment etc.) or internal forces (e.g. morally driven by
ourselves) (Li 2009; Li and Poon 2009a, b) in these exchange activities.
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8.4.2 Perceived Organizational Support (POS)

Under the framework of social exchange, Eisenberger et al. (1986) argue that
employees’ commitment to an organization is strongly depended on their percep-
tion of the organization’s commitment to them. The social exchange interpretation
of organization’s commitment is conceptualized into Perceived Organizational
Support (POS), which represents employees’ ‘global beliefs concerning the extent
to which the organization values their contributions and cares about their welling-
being’ (Eisenberger et al. 1986, p. 501). Eisenberger and colleagues suggest that
employees form the beliefs by evaluating various aspects of treatments they receive
from the organization, and such beliefs provide the basis for employees to make
inference about the organization’s ‘readiness to reward increased effort and to meet
needs for praise and approval’ (Eisenberger et al. 1986, p. 501). More specifically,
employees who perceive high level of POS would have high expectancy that their
greater work effort would be rewarded and they would have a stronger attachment
to the organization. The effort-outcome expectancy and affective attachment will
lead employees to show more affective commitment to their organizations and have
more involvement in organizational activities to support the organizational goals
(Wayne et al. 1997). Prior studies have also shown that POS contribute to
employees’ positive attitudes and behaviours, including increased commitment, less
intention to leave, reduced absenteeism, improved performance, etc. (Eisenberger
et al. 1986; Michael et al. 2005; Settoon et al. 1996; Wayne et al. 1997).

Hofmann et al. (2003) suggest that the type of behaviour that is valued in a
specific work environment provides employees with the direction for reciprocation.
In some industries where safety is highly concerned (e.g. manufacture, construction,
mining), employees would reciprocate high level POS with improved safety
performance. Due to that POS reflects organization’s general traits, the link between
POS and specific safety outcomes is usually found to be mediated by constructs
related to specific safety attitude and perceptions. For instance, Hofmann and
Morgeson (1999) report that POS reduces accidents through the mediating effect of
safety communication and safety commitment in the manufacture sector. In another
study, Wallace et al. (2006) suggest safety climate to be the mediator between
perceived organizational support and accidents. Based on Bowen and Schneider’s
(1993) work, Wallace and colleagues argue that POS reflects foundation climate,
which represents employees’ perception of the more encompassing environment in
an organization; foundation climate may not strongly correlate to specific outcome,
instead it affects specific organizational outcomes through specific climate, which
reflects employees’ perception of a particular area of interest such as safety. They
suggest that the mechanism behind the general-specific-outcome framework is that
foundation climate establishes certain norms, and the norms are further solidified in
more specific climate which is directly related to outcomes. In a high risk working
environment where safety is one of the main concerns, employees may perceive
POS partly by evaluating organization’s effort to ensure employee’s safety. High
level POS may suggest employees’ perception that their organization cares about
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their wellbeing, and devote effort to ensure workers’ health and safety in workplace.
This, in turn, may influence employees’ perception of safety climate in the
organization. Thus, it is hypothesized that as below.

8.4.3 Leader Member Exchange (LMX)

Another construct frequently examined in organization studies is leader-member
exchange (LMX), which indicates the quality of relationship between an employee
and his/her supervisor. LMX is based on the leadership theory of Vertical Dyad
Linkage (VDL) Model, which assumes that leaders differentiate among their sub-
ordinates regarding leader behaviours (Liden and Graen 1980). Although the
supervisor is one of the organization’s representatives/agents, the employee—
supervisor exchange is distinctive from the employee—organization exchange. An
organization is an entity with a collective of many individuals. The organization’s
action is represented by the actions of its agents (e.g. directors, managers) which is
usually based on historical decisions. When an employee exchanges with an
organization, he/she doesn’t develop a relationship with any individuals. With the
existence of high level POS, the employee would be obligated to reciprocate with
attitudes and behaviours that benefit the general organization, such as stronger sense
of identity, more commitment to stay with better job performance. Regarding the
leader-member exchange, the employee develops a relationship with a specific
individual, i.e. his/her supervisor. If the employee receives cares and support from
the supervisor, he/she would be obligated to reciprocate with actions that directly
benefit the supervisor. Gouldner (1960) suggests that reciprocity in social exchange
creates social stability, goes beyond the compliance of specific social roles, e.g.
scope of formal job duties defined in a contract. Supervisors and group workers
perform specific job duties regardless of the quality of their relationships. However,
with high quality leader-member exchange relationship, employees not only com-
ply to their formal job duties, but also engage in behaviours that are beneficial to
supervisors, work beyond the scope of formal job duties (Wayne et al. 1997).

In working environments where safety is concerned (e.g. construction site),
employees may reciprocate high quality LMX with compliance with safety
requirements as well as safety related behaviours, such as an openly raise safety
concerns to their supervisors (Hofmann and Morgeson 1999), monitoring
co-workers’ safety behaviour, correct potential safety problems and report dangers
(Mearns and Reader 2008). These behaviours will ultimately help improve work-
place safety performance and reduce accidents. In high risk working environments,
safety record is usually used as an indicator to evaluate supervisors’ performance.
Employee’s reciprocation of safety-related positive attitude and behaviours will
benefit supervisors by helping in maintaining a good safety record. However,
similar to POS, high quality LMX indicates overall positive interactions between
employees and supervisors reflected by a variety of aspects, not specifically in term
of safety issues. The direct link between LMX and employees’ safety performance
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may not be significantly strong and needs to be mediated by safety-specific
constructs. This study proposes that the effect of LMX on employees’ safety per-
formance is mediated by group level safety climate. Zohar (2002) suggests a similar
leadership-climate-injury mediation model, and argue that leader-member interac-
tions influence supervisor’s level of concern for subordinates’ safety, which in turn
affect employees’ perception of safety climate in a workgroup. In a high quality
leader-member exchange relationship characterized by norm of reciprocity, each
party (i.e. supervisors and employees) facilitates the achievement of motivational
goals of the other party, including personal welfare (Zohar 2002). Thus, high
quality LMX is conductive to mutual concerns for each other. In a working envi-
ronment inherent with high risk, high quality LMX will lead supervisors to concern
for workers’ safety, and put higher priority on safety than competing objectives
such as production and cost. Supervisor’s safety concern then contributes to
workers’ perception of positive safety climate in the workgroup, which in turn
motivates employees to have improved safety performance. Based on the above
argumentation, it is hypothesized as in Fig. 8.1.

8.5 Discussion and Conclusion

This paper proposes an integrative research model of predictors of construction
workers’ safety performance by integrating safety climate and social exchange
perspectives. In the guidance of social exchange, two types of relationship-based
leaderships are examined, i.e. perceived organizational support (POS) which rep-
resents employees’ perception of the extent to which their organizations value them
and care about their welfare, and leader member exchange (LMX) which refers to
the quality of relationship between an employee and his/her supervisor. Previous
studies have demonstrated that high levels of POS and LMX lead to employees’
reciprocations of positive attitude and behaviours that benefit organizations
and supervisors. In a working environment where safety is highly concerned
(e.g. construction site), the reciprocations may also include safety-related positive
attitude and behaviours. However, because POS and LMX reflect organizations and

Perceived 
Organizational 
Support (POS)  

Leader Member 
Exchange (LMX)   

Organizational 
Safety Climate     

Group Safety 
Climate 

Safety Compliance 

Safety Participation

Fig. 8.1 POS, LMX, safety compliance and participation (authors’ Figure)
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supervisors’ general care and support to employees in a variety of aspects, the direct
link between POS/LMX and workers’ safety performance may not be significantly
strong. This study suggests that the influence of POS and LMX on workers’ safety
performance is meditated by safety climate. Specifically, POS influence workers’
safety performance through the mediating effect of organizational safety climate,
which is mainly related to organizational safety policies and procedures; LMX
influences workers’ safety performance through the mediating effect of group level
safety climate, which reflects supervisory safety leadership. Due to different natures
of the two exchange relationships, this study also hypothesizes that POS is more
associated with employees’ safety compliance while LMX contributes more to
employees’ safety participation.

This study responds to recent researchers’ argument that safety climate studies
should be extended to explore relationships between safety climate and other
influential constructs. It advances safety climate research by examining perceived
organizational support (POS) and leader member exchange (LMX) as antecedents
to safety climate, and explore how these relationship-based leaderships affect
workers’ safety performance through the mediating effect of safety climate.
Although previous studies have attempted to examine the mediating role of safety
climate, they only study safety climate at a single level, i.e. organizational safety
climate (DeJoy et al. 2004, 2010) or group safety climate (Wallace et al. 2006). This
study addresses multi-level safety climates identified in the construction industry,
and attempts to explore the dynamic relationship between relationship-based
leaderships, safety climate, and construction workers’ safety performance at both
organizational and group levels. It is expected that the conceptual research model
proposed in this study provides implications for construction safety management
researchers to further explore the interactive effect of leaderships and safety climate
on workers’ safety behaviours.

References

Atkinson, A., & Westall, R. (2010). The relationship between integrated design and construction
and safety on construction projects. Construction Management & Economics, 28(9),
1007–1017.

Behm, M., & Schneller, A. (2012). Application of the Loughborough construction accident
causation model: A framework for organizational learning. Construction Management and
Economics, 1–16. doi:10.1080/01446193.2012.690884.

Blau, P.M. (1964) Exchange and Power in Social Life. New York: Wiley.
Borman, W. C., & Motowidlo, S. J. (1993). Expanding the criterion domain to include elements of

contextual performance. In N. Schmitt & W. C. Borman (Eds.), Personnel selection in
organizations. San Francisco: Jossey-Bass.

Bowen, D. E., & Schneider, B. (1993). The service organization: Human resources management is
crucial. Organizational Dynamics, 21, 39–52.

Brondino, M., Silva, S. A., & Pasini, M. (2012). Multilevel approach to organizational and group
safety climate and safety performance: Co-workers as the missing link. Safety Science, 50(9),
1847–1856. doi:10.1016/j.ssci.2012.04.010.

8.5 Discussion and Conclusion 133

http://dx.doi.org/10.1080/01446193.2012.690884
http://dx.doi.org/10.1016/j.ssci.2012.04.010


Clarke, S. (2006a). The relationship between safety climate and safety performance: A meta-
analytic review. Journal of Occupational Health Psychology, 11(4), 315–327.

Clarke, S. (2006b). Safety climate in an automobile manufacturing plant. Personnel Review, 35(4),
413.

Cook, K. S., Cheshire, C., Rice, E. R. W., & Nakagawa, S. (2013). Handbook of social
psychology. New York: Springer.

Cooper, M. D., & Phillips, R. A. (2004). Exploratory analysis of the safety climate and safety
behavior relationship. Journal of Safety Research, 35(5), 497–512. doi:http://dx.doi.org/10.
1016/j.jsr.2004.08.004.

DeJoy, D. M., Della, L. J., Vandenberg, R. J., & Wilson, M. G. (2010). Making work safer:
Testing a model of social exchange and safety management. Journal of Safety Research, 41(2),
163–171. doi:http://dx.doi.org/10.1016/j.jsr.2010.02.001.

DeJoy, D. M., Schaffer, B. S., Wilson, M. G., Vandenberg, R. J., & Butts, M. M. (2004). Creating
safer workplaces: Assessing the determinants and role of safety climate. Journal of Safety
Research, 35(1), 81–90. doi:http://dx.doi.org/10.1016/j.jsr.2003.09.018.

Dement, J. M., & Lipscomb, H. (1999). Workers’ compensation experience of north carolina
residential construction workers, 1986–1994. Applied Occupational and Environmental
Hygiene, 14(2), 97–106.

Eisenberger, R., Huntington, R., Hutchison, S., & Sowa, D. (1986). Perceived organizational
support. Journal of Applied Psychology, 71(3), 500–507.

Fabrega, V., & Starkey, S. (2001). Fatal occupational injuries among hispanic construction
workers of texas, 1997 to 1999. Human and Ecological Risk Assessment: An International
Journal, 7(7), 1869–1883.

Fang, D., Chen, Y., & Wong, L. (2006). Safety climate in construction industry: A case study in
Hong Kong. Journal of Construction Engineering and Management, 132(6), 573–584.

Flin, R., Mearns, K., O’Connor, P., & Bryden, R. (2000). Measuring safety climate: Identifying
the common features. Safety Science, 34(1–3), 177–192. doi:10.1016/s0925-7535(00)00012-6.

Gillen, M., Baltz, D., Gassel, M., Kirsch, L., & Vaccaro, D. (2002). Perceived safety climate, job
demands, and coworker support among union and nonunion injured construction workers.
Journal of Safety Research, 33(1), 33–51. doi:http://dx.doi.org/10.1016/S0022-4375(02)
00002-6.

Gouldner, A. W. (1960). The norm of reciprocity: A preliminary statement. American Sociological
Review, 25(2), 161–178. doi:10.2307/2092623.

Griffin, M. A., & Neal, A. (2000). Perceptions of safety at work: A framework for linking safety
climate to safety performance, knowledge, and motivation. Journal of Occupational Health
Psychology, 5(3), 347.

Haslam, R. A., Hide, S. A., Gibb, A. G. F., Gyi, D. E., Pavitt, T., Atkinson, S., et al. (2005).
Contributing factors in construction accidents. Applied Ergonomics, 36(4), 401–415.

Hinze, J. W., & Teizer, J. (2011). Visibility-related fatalities related to construction equipment.
Safety Science, 49(5), 709–718.

Hofmann, D. A., & Morgeson, F. P. (1999). Safety-related behavior as a social exchange: The role
of perceived organizational support and leader–member exchange. Journal of Applied
Psychology, 84(2), 286.

Hofmann, D. A., Morgeson, F. P., & Gerras, S. J. (2003). Climate as a moderator of the
relationship between leader-member exchange and content specific citizenship: Safety climate
as an exemplar. Journal of Applied Psychology, 88(1), 170.

Holt, A. S. (2001). Principal of construction safety. Oxford: Blackwell Science Limited.
Huang, Y.-H., Ho, M., Smith, G. S., & Chen, P. Y. (2006). Safety climate and self-reported injury:

Assessing the mediating role of employee safety control. Accident Analysis & Prevention, 38
(3), 425–433. doi:http://dx.doi.org/10.1016/j.aap.2005.07.002.

Irumba, R. (2014). Spatial analysis of construction accidents in Kampala. Uganda Safety Science,
64, 109–120.

Kath, L. M., Marks, K. M., & Ranney, J. (2010). Safety climate dimensions, leader-member
exchange, and organizational support as predictors of upward safety communication in a

134 8 A Conceptual Study of Construction Workers’ Safety Performance …

http://dx.doi.org/10.1016/j.jsr.2004.08.004
http://dx.doi.org/10.1016/j.jsr.2004.08.004
http://dx.doi.org/10.1016/j.jsr.2010.02.001
http://dx.doi.org/10.1016/j.jsr.2003.09.018
http://dx.doi.org/10.1016/s0925-7535(00)00012-6
http://dx.doi.org/10.1016/S0022-4375(02)00002-6
http://dx.doi.org/10.1016/S0022-4375(02)00002-6
http://dx.doi.org/10.2307/2092623
http://dx.doi.org/10.1016/j.aap.2005.07.002


sample of rail industry workers. Safety Science, 48(5), 643–650. doi:http://dx.doi.org/10.1016/
j.ssci.2010.01.016.

Li, R. Y. M. (2009). Achieving compliance with environmental health-related land use planning
conditions in Hong Kong: Perspectives from traditional motivation theories. Journal of
Environmental Health, 72(4), 22–25.

Li, R. Y. M. (2011). Game theory analysis on underground space planning knowledge sharing via
web 2.0. Paper presented at the 5th international conference on new trends in information
science and service science, Macao.

Li, R. Y. M., & Poon, S. W. (2009a). Future motivation in construction safety knowledge sharing
by means of information technology in Hong Kong. Journal of Applied Economic Sciences, 4
(3(9)), 457–472.

Li, R. Y. M., & Poon, S. W. (2009b). Workers’ compensation for non-fatal construction accidents:
Review of Hong Kong court cases. Asian Social Science, 5(11), 15–24.

Li, R. Y. M., & Poon, S. W. (2011). Using web 2.0 to share the knowledge of construction safety
as a public good in nature among researchers: The fable of economic animals. Economic
Affairs, 31(1), 73–79.

Li, R. Y. M., & Poon, S. W. (2013). Construction safety. Berlin: Springer.
Liden, R. C., & Graen, G. (1980). Generalizability of the vertical dyad linkage model of

leadership. The Academy of Management Journal, 23(3), 451–465. doi:10.2307/255511.
Ling, F. Y. Y., Liu, M., & Woo, Y. C. (2009). Construction fatalities in Singapore. International

Journal of Project Management, 27(7), 717–726.
Lingard, H., Cooke, T., & Blismas, N. (2009). Group-level safety climate in the Australian

construction industry: Within-group homogeneity and between-group differences in road
construction and maintenance. Construction Management & Economics, 27(4), 419–432. doi:
http://dx.doi.org/10.1080/01446190902822971.

Lingard, H., Cooke, T., & Blismas, N. (2010a). Properties of group safety climate in construction:
The development and evaluation of a typology. Construction Management & Economics, 28
(10), 1099–1112.

Lingard, H. C., Cooke, T., & Blismas, N. (2010b). Safety climate in conditions of construction
subcontracting: A multi-level analysis. Construction Management and Economics, 28(8),
813–825. doi:10.1080/01446190903480035.

Lingard, H., Cooke, T., & Blismas, N. (2011). Coworkers’ response to occupational health and
safety: An overlooked dimension of group-level safety climate in the construction industry.
Engineering, construction and architectural management, 18(2), 159–175. doi:http://dx.doi.
org/10.1108/09699981111111139.

Lingard, H., Cooke, T., & Blismas, N. (2012). Do perceptions of supervisors’ safety responses
mediate the relationship between perceptions of the organizational safety climate and incident
rates in the construction supply chain? Journal of Construction Engineering & Management,
138(2), 234–241. doi:10.1061/(ASCE)CO.1943-7862.0000372.

Mansor, N., & Ali, S. H. S. (2010). A B2C business agenda: Analyzing customers’ perceptions
towards bumiputera retailers. Asian Social Science, 6(7), 132–141.

Marchand, A., Simard, M., Carpentier-Roy, M.-C., & Ouellet, F. (1998). From a unidimensional to
a bidimensional concept and measurement of workers’ safety behavior. Scandinavian Journal
of Work, Environment & Health, 24(4), 293–299. doi:10.2307/40966778.

Mearns, K., Whitaker, S. M., & Flin, R. (2003). Safety climate, safety management practice and
safety performance in offshore environments. Safety Science, 41(8), 641–680.

Mearns, K. J., & Reader, T. (2008). Organizational support and safety outcomes: An
un-investigated relationship? Safety Science, 46(3), 388–397. doi:http://dx.doi.org/10.1016/j.
ssci.2007.05.002.

Meliá, J. L., Mearns, K., Silva, S. A., & Lima, M. L. (2008). Safety climate responses and the
perceived risk of accidents in the construction industry. Safety Science, 46(6), 949–958.

Michael, J. H., Evans, D. D., Jansen, K. J., & Haight, J. M. (2005). Management commitment to
safety as organizational support: Relationships with non-safety outcomes in wood

References 135

http://dx.doi.org/10.1016/j.ssci.2010.01.016
http://dx.doi.org/10.1016/j.ssci.2010.01.016
http://dx.doi.org/10.2307/255511
http://dx.doi.org/10.1080/01446190902822971
http://dx.doi.org/10.1080/01446190903480035
http://dx.doi.org/10.1108/09699981111111139
http://dx.doi.org/10.1108/09699981111111139
http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0000372
http://dx.doi.org/10.2307/40966778
http://dx.doi.org/10.1016/j.ssci.2007.05.002
http://dx.doi.org/10.1016/j.ssci.2007.05.002


manufacturing employees. Journal of Safety Research, 36(2), 171–179. doi:http://dx.doi.org/
10.1016/j.jsr.2005.03.002.

Mohamed, S. (2002). Safety climate in construction site environments. Journal of Construction
Engineering and Management, 128(5), 375–384.

Mustapha, N., Ahmad, A., Uli, J., & Idris, K. (2011). Work-family facilitation and family
satisfaction as mediators in the relationship between job demands and intention to stay. Asian
Social Science, 7(6), 142–153.

Neal, A., & Griffin, M. A. (2006). A study of the lagged relationships among safety climate, safety
motivation, safety behavior, and accidents at the individual and group levels. Journal of
Applied Psychology, 91(4), 946–953.

Neal, A., Griffin, M. A., & Hart, P. M. (2000). The impact of organizational climate on safety
climate and individual behavior. Safety Science, 34(1), 99–109.

O’Dea, A., & Flin, R. (2001). Site managers and safety leadership in the offshore oil and gas
industry. Safety Science, 37(1), 39–57. doi:http://dx.doi.org/10.1016/S0925-7535(00)00049-7.

Settoon, R. P., Bennett, N., & Liden, R. C. (1996). Social exchange in organizations: Perceived
organizational support, leader–member exchange, and employee reciprocity. Journal of
Applied Psychology, 81(3), 219.

Siu, O.-L., Phillips, D. R., & Leung, T.-W. (2004). Safety climate and safety performance among
construction workers in Hong Kong: The role of psychological strains as mediators. Accident
Analysis and Prevention, 36(3), 359–366.

Smith, G. S., Huang, Y.-H., Ho, M., & Chen, P. Y. (2006). The relationship between safety
climate and injury rates across industries: The need to adjust for injury hazards. Accident
Analysis and Prevention, 38(3), 556–562.

Suárez-Cebador, M., Rubio-Romero, J. C., & López-Arquillos, A. (2014). Severity of electrical
accidents in the construction industry in Spain. Journal of Safety Research, 48, 63–70.

Tam, C. M., Tong, T. K. L., & Chan, K. K. (2006). Rough set theory for distilling construction
safety measures. Construction Management and Economics, 24(11), 1199–1206.

Tsui, A. S., Pearce, J. L., Porter, L. W., & Tripoli, A. M. (1997). Alternative approaches to the
employee-organization relationship: Does investment in employees pay off? The Academy of
Management Journal, 40(5), 1089–1121. doi:10.2307/256928.

Tyrie, A., & Ferguson, S. (2013). Understanding value from arts sponsorship: A social exchange
theory perspective. Arts Marketing: An International Journal, 3(2), 131–153.

Vinodkumar, M. N., & Bhasi, M. (2010). Safety management practices and safety behaviour:
Assessing the mediating role of safety knowledge and motivation. Accident Analysis and
Prevention, 42(6), 2082–2093. doi:10.1016/j.aap.2010.06.021.

Waehrer, G. M., Dong, X. S., Miller, T., Haile, E., & Men, Y. (2007). Costs of occupational
injuries in construction in the united states. Accident Analysis Prevention, 39(6), 1258–1266.

Wallace, J. C., Popp, E., & Mondore, S. (2006). Safety climate as a mediator between foundation
climates and occupational accidents: A group-level investigation. Journal of Applied
Psychology, 91(3), 681–688.

Wayne, S. J., Shore, L. M., & Liden, R. C. (1997). Perceived organizational support and leader-
member exchange: A social exchange perspective. Academy of Management Journal, 40,
82–111.

Williamson, A. M., Feyer, A.-M., Cairns, D., & Biancotti, D. (1997). The development of a
measure of safety climate: The role of safety perceptions and attitudes. Safety Science, 25(1–3),
15–27.

Zhang, P., & Ng, F. F. (2012). Attitude toward knowledge sharing in construction teams.
Industrial Management & Data Systems, 112(9), 1326–1347.

Zohar, D. (2000). A group-level model of safety climate: Testing the effect of group climate on
microaccidents in manufacturing jobs. Journal of Applied Psychology, 85(4), 587–596.

Zohar, D. (2002). Modifying supervisory practices to improve subunit safety: A leadership-based
intervention model. Journal of Applied Psychology, 87(1), 156–163. doi:10.1016/s0925-7535
(00)00014-x, 10.1037/0021-9010.78.2.306.

136 8 A Conceptual Study of Construction Workers’ Safety Performance …

http://dx.doi.org/10.1016/j.jsr.2005.03.002
http://dx.doi.org/10.1016/j.jsr.2005.03.002
http://dx.doi.org/10.1016/S0925-7535(00)00049-7
http://dx.doi.org/10.2307/256928
http://dx.doi.org/10.1016/j.aap.2010.06.021
http://dx.doi.org/10.1016/s0925-7535(00)00014-�x
http://dx.doi.org/10.1016/s0925-7535(00)00014-�x
http://dx.doi.org/10.1037/0021-9010.78.2.306


Zohar, D., & Luria, G. (2005). A multilevel model of safety climate: Cross-level relationships
between organization and group-level climates. Journal of Applied Psychology, 90(4), 616.

Zohar, D. (2008). Safety climate and beyond: A multi-level multi-climate framework. Safety
Science, 46(3), 376–387. doi:10.1016/j.ssci.2007.03.006.

Zohar, D. (2010). Thirty years of safety climate research: Reflections and future directions.
Accident Analysis & Prevention, 42(5), 1517–1522. doi:http://dx.doi.org/10.1016/j.aap.2009.
12.019.

References 137

http://dx.doi.org/10.1016/j.ssci.2007.03.006
http://dx.doi.org/10.1016/j.aap.2009.12.019
http://dx.doi.org/10.1016/j.aap.2009.12.019

	Preface
	Contents
	1 Sustainable Construction Waste Management in Australia: A Motivation Perspective
	Abstract
	1.1 Introduction
	1.2 Solutions Initiated by the State Governments in Australia to Reduce Waste
	1.3 The Urgency of Zero Waste: We are All Running Out of Landfills
	1.4 Zero Waste: A Legend, Myth, or Achievable Goal?
	1.4.1 Zero Waste Policy in Adelaide

	1.5 Sustainable Construction Waste Management: Building Cycle Perspective
	1.6 Motivations for Sustainable Zero Waste Construction Waste Management
	1.6.1 Incentive
	1.6.2 Goal Setting Theory
	1.6.3 Hierarchy of Needs Theory

	1.7 Research Method
	1.8 Results
	1.8.1 Sustainable Construction Waste Management
	1.8.2 Construction Waste Reduction Should Be Building Life Cycle Concept and Action
	1.8.3 Motivations of Sustainable and Zero Waste Management
	1.8.3.1 Incentive Theory Perspective
	1.8.3.2 Goal Setting Perspective
	1.8.3.3 Hierarchy of Needs Theory: Waste Management Is a Kind of Self-actualisation Activities


	1.9 Conclusion
	References

	2 Scholars' Comments and Criticisms on Construction and Municipal Solid Waste Management in Hong Kong and Singapore from 2000 to Present: A Review of Digital Information Online
	Abstract
	2.1 Introduction
	2.2 Sustainable Development
	2.3 A Global Perspective on Waste and Its Management
	2.4 A Tale of Two Cities: Waste Management in Hong Kong and Singapore
	2.5 Waste Statistics in Hong Kong and Singapore
	2.6 Digital Information
	2.7 Research Method
	2.8 Similar Approaches of Construction Waste and MSW Management in Hong Kong and Singapore
	2.8.1 Landfill
	2.8.1.1 Scholars' Comments and Criticisms on Landfilling

	2.8.2 Recycling
	2.8.2.1 Scholars' Comments and Criticisms on Recycling


	2.9 Different Approaches of Construction and MSW Management in Hong Kong and Singapore
	2.9.1 Incineration
	2.9.1.1 Scholars' Comments and Criticisms on Incineration


	2.10 Summary
	References

	3 A Content Analysis on Static Digital Information About the Causes of Construction Accidents
	Abstract
	3.1 Introduction
	3.2 The Costs of Construction Accidents
	3.3 Digital Information: A Technical Perspective
	3.4 Research Method: Content Analysis
	3.5 Data Description
	3.6 Causes of Construction Accident
	3.6.1 Workers' Characteristics
	3.6.2 Organization
	3.6.3 Site Conditions
	3.6.4 Time of Accidents
	3.6.5 Immediate Direct Causes Which Lead to Accidents
	3.6.5.1 Fall from Height, Slips and Collapse
	3.6.5.2 Hit by Objects, Mechanical Injuries and Electrocution Accidents


	3.7 Conclusions
	References

	4 Relevant Data in the Rising Tide of Big Data: A Text-Mining Analysis in Construction Safety Index
	Abstract
	4.1 Introduction
	4.2 The Importance of Academic Article Visibility
	4.3 The Rise and Problem of Big Data
	4.4 Indices Construction Method
	4.5 Research Method
	4.6 Research Results and Discussion
	4.7 Conclusion
	Acknowledgments
	References

	5 An Institutional Economic Analysis on Construction Safety Knowledge Sharing and E-Learning via Mobile Apps
	Abstract
	5.1 Introduction
	5.2 Knowledge
	5.3 e-Learning
	5.4 m-Learning: The Post e-Learning Era
	5.4.1 The Potential of m-Learning: A Glance at Our Fast Growing Market
	5.4.2 Mobile Learning Worldwide

	5.5 Transaction Costs, m-Learning and e-Learning
	5.6 Mobile Apps for Construction Safety
	5.7 Conclusion
	References

	6 Supply and Demand of Construction Safety Regulations in Developing Countries
	Abstract
	6.1 Introduction
	6.2 Demand of Construction Safety Measures in Developing World
	6.3 Supply of Construction Safety Regulations in Developing Countries
	6.3.1 Nigeria
	6.3.1.1 Role of the Construction Industry
	6.3.1.2 Related Laws and Regulations

	6.3.2 China
	6.3.2.1 Role of the Construction Industry
	6.3.2.2 Related Laws and Regulations
	6.3.2.3 Related Authorities
	6.3.2.4 Key Issues and Solutions

	6.3.3 Ghana
	6.3.3.1 Role of the Construction Industry
	6.3.3.2 Related Laws and Regulations
	6.3.3.3 Related Authorities
	6.3.3.4 Key Safety Issues and Solutions

	6.3.4 Kuwait
	6.3.4.1 Role of the Construction Industry
	6.3.4.2 Related Laws and Regulations
	6.3.4.3 Related Authorities
	6.3.4.4 Major Safety Issues and Solutions


	6.4 Conclusion
	Acknowledgments
	References

	7 Construction Safety Motivations in Hong Kong: A Psychological Perspective
	Abstract
	7.1 Introduction
	7.2 Motivation: A Psychology Perspective
	7.2.1 Hierarchy of Needs Theory
	7.2.2 Two Factor Theory
	7.2.3 Expectancy Theory
	7.2.4 Theory X and Y
	7.2.4.1 Safety Incentives and Punishment

	7.2.5 Hawthorne Investigations
	7.2.6 Acquired Needs Theory
	7.2.7 Goal Setting Theory

	7.3 Application of Psychological Theories on Construction Safety Motivation
	7.4 Conclusions
	References

	8 A Conceptual Study of Construction Workers' Safety Performance from Safety Climate and Social Exchange Perspectives
	Abstract
	8.1 Introduction
	8.2 Safety Performance
	8.3 Organisation Climate, Safety Climate and Safety Performance
	8.4 Social Exchange, Perceived Organisation Support, Leader Member Exchange and Safety Behaviour
	8.4.1 Social Exchange Theory (SET)
	8.4.2 Perceived Organizational Support (POS)
	8.4.3 Leader Member Exchange (LMX)

	8.5 Discussion and Conclusion
	References




