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Abstract
In recent decades, with the rapid development of urbanisation and the acceleration of
construction, renovation and demolition activities worldwide, enormous volumes of
construction waste (CW) have been generated at a colossal rate. CW accounts for approximately
36% of the total solid waste received at landﬁll sites around the world, and therefore, presents
a significant challenge to the sustainability of the construction industry, the country’s economy
at large, and environmental sustainability worldwide. For Jordan, this issue is pertinent since
the construction industry is still suffering from insufficient sustainability practices characterised
by poor production, sub-standard performance and a wasteful culture. Therefore, construction
waste minimisation (CWM) has become a pressing issue due to the scarcity of resources and a
subsequent unsteady energy supply, which are two serious challenges facing Jordan today. This
is, in addition to the poor economic situation in Jordan with CW considered a major financial
burden on government spending having to deal with CW and its associated issues.
Different approaches and techniques have been established over the years by many researchers
and practitioners worldwide, who have sought to determine optimal methods to support CWM.
More recently, increasing attention has been placed on addressing the role of human factors in
CWM, as the majority of the causes underlying CW are directly or indirectly affected by the
behaviour of those working in the construction industry. The behaviour of contractors is a
crucial element in the implementation of successful CWM measures, as many studies have
emphasised their impact on the generation and minimisation of waste in construction projects.
However, a critical appraisal of the CW literature showed that adopting CWM behaviour
depends on many factors that contribute to its success or failure, and each of these factors can
exert a different level of influence. Accordingly, in reviewing existing behavioural adoption
literature to aid the exploration and understanding of the potential factors influencing the
behaviour of contractors towards CWM, it has been observed that nearly all adoption theories
and frameworks have attracted strong criticism from researchers for being too simplistic and
inadequate in successfully predicting CWM behaviour. Further, critics argue that the current
behaviour adoption theories and frameworks have been established in developed countries and
lack empirical evidence as to their applicability in the Middle-East region, particularly in
Jordan; CWM behaviour is perceived and valued differently by different cultures.
Consequently, this thesis describes the development of a behavioural framework (BF) that aims
to address this research gap.
xvi

The Delphi technique, incorporating a series of semi-structured interviews, was chosen as the
primary research investigative method, for the discovery and building of the BF. Twelve
respondents (the experts’ panel), with extensive knowledge of, and experience in, the Jordanian
construction industry participated in two rounds of the Delphi study. They were able to offer a
well-informed look at the current and potential status of the adoption of CWM behaviour among
Jordanian contractors. The results of the Delphi study were then triangulated with the findings
of the literature review in order to form the and develop the BF. Following this, a validation
workshop was used, involving seven construction professionals, to validate and refine the BF
so as to be of value to the Jordan context. The resulting BF consists of four constituent variables
that work together to explain and predict CWM behaviour. These are: personal, technological,
social and organisational variables; each of these variables include several factors influencing
the behaviour of Jordanian contractors towards CWM. In total, 10 factors, which includes 31
subfactors, are identified and included in the framework. The BF advances a more holistic
understanding of CWM behaviour, which will support the adoption of waste minimisation in
Jordanian construction projects.

xvii

Chapter 1
Introduction

1

1.1 Chapter overview
This chapter provides an introduction to this study including its justification, aim and
objectives, methodology outline and structure. It begins by presenting a background to the study
and illustrates the problem of construction waste (CW), as well as the inherent need for
construction waste minimisation (CWM) practices, particularly, with a focus on the Jordanian
construction industry. Further, key behaviour adoption theories and frameworks, used in
understanding CWM behaviour, are briefly described and then their ineptness is identified,
highlighting the gap in the literature as well as the motivation for this study. Following this, a
methodological design is introduced in order to achieve the research aim and objectives.

1.2 Research background and rationale
Waste is a colossal problem in the world of construction and is considered to be one of the
major contributors to the total waste production, generating around 36% of the total solid waste
worldwide which equates to 2.5-3.5 billion tonnes each year (International Solid Waste
Association [ISWA], 2015). The enormous generation of CW presents a significant challenge
to the sustainability of the construction industry, the country’s economy at large and
environmental sustainability worldwide. A number of significant environmental, economic and
social problems (the 3 pillars of sustainability) are a result of CW:

▪

Diminishing landfill space: Many countries worldwide are rapidly running out of landfill
areas for dumping waste, especially in developing countries, yet the need for landfill space
is ever growing. For instance, figures published by the UK government revealed that
construction and demolition waste is around 130 million tonnes of waste per annum which
is responsible for almost two thirds of the total landfill waste (Department for Environment,
Food and Rural Affairs [DEFRA], 2020). In the EU, over 800 million tonnes of construction
and demolition waste is generated every year (Deloitte, 2017), accounting for around 25 30% of all waste generated (European Commission, 2018). The figure is more than 1.5
billion tonnes in China (Huang et al., 2018), with only 5% being recycled (National
Development and Reform Commission of China [NDRC], 2014). In the USA, the volume
of CW increased to 569 million tonnes each year in 2017 (United States Environmental
Protection Agency [EPA], 2019). It is a similar story in the Middle-East region; inevitably
the figures are lower but relative to the region’s size and economic situation, they are still
significant. The construction industry in the Gulf Cooperation Countries (GCC) generate
around 66 million tonnes of waste every year, accounting for around 55% of all waste
generated (McElroy, 2012, 2016). Most of the collected waste in these countries is disposed
2

of in landfills and waste dumpsites on the outskirts of the cities (Ouda et al., 2018). In
Kuwait, approximately 16 million tonnes/year of CW is produced and around 66-84% of
this waste is disposed of in landfill (Albeeshi et al., 2017; Puri-Mirza, 2020). The UAE is
no exception and is ranked as one of the largest producers of waste (per capita) worldwide
where construction and demolition waste account for 70% of total waste generated (Al-Hajj
& Hamani, 2011; Swain, 2018).

▪

High consumption levels of raw material resources: The generation of CW also
contributes to the depletion of the world’s natural resources including non-renewable
sources of energy, as well as resources that are in danger of depletion, such as metal, timber
and crushed stone (United Nations Environment Programme [UNEP], 2015b). Construction
activities consume around 35% of the world’s resources, including 12% of water, 25% of
steel and more than 50% of crushed rock, gravel and sand. These are all used globally each
year for construction (UNEP, 2015b, 2019a, 2019b, 2019c). Additionally, the construction
sector accounts for 36% of global final energy use, including embodied energy (UNEP,
2019a).

▪

Pollution and contamination: These are other significant problems attributed to increased
volumes of CW worldwide. Existing research suggests that construction activities is a major
contributor to environmental pollution having an impact on air, water and soil
contamination and resulting in adverse effects on ﬂora and fauna (Ding et al., 2016;
Ferronato et al., 2017). Globally, 33% of CW is still openly dumped in forests, open lands
or waterways and this figure can increase to 93% in lower-income countries, since open
dumping is a prevalent waste disposal practice causing soil and water contamination (World
Bank, 2018). Additionally, CW often contains solvents and volatile organic compounds
which affect human health and create fire hazards (Butera et al., 2014). Furthermore, CW
leads to serious air pollution, as 11% of the generated waste is treated through incineration
worldwide (World Bank, 2018), in addition to 11% of the total carbon dioxide (CO2)
emissions resulting from the associated energy usage of construction activities (UNEP,
2019a).

▪

Financial losses: Waste increases the total cost of construction projects; around 15% (by
value) of materials delivered to construction sites are wasted (Waste & Resources Action
Programme [WRAP], n.d.). The true cost of CW is not only reflected in material purchasing
costs, but also the cost of storage, transport, disposal, the cost of the time spent managing
3

and handling the waste and the loss of income from not salvaging waste materials (Mahpour
& Mortaheb, 2018; Hao et al., 2019). According to Osmani (2011), the true cost of waste
in construction projects is estimated to be around 20 times the cost of the disposal of waste.
Further, CW increases the tender price which affects the competitiveness of obtaining new
projects (Ann et al., 2013). From a country’s economic perspective, CW is of grave concern
and a challenging issue faced by many economies around the world. Globally, 205 billion
dollars was spent in 2010 on solid waste related challenges and this figure could rise to an
estimated 375 billion dollars per year by 2025 (Asnap, 2012). In low- and middle-income
countries, solid waste management comprises of more than 20% of municipal budgets and
around 50% of the local governments’ investments (World Bank, 2018). Therefore,
managing CW and its related problems affect the financial sustainability of governments as
funding must be balanced with the provision of other essential services such as healthcare,
education and housing (ISWA, 2017).
For Jordan, this issue arises at a time when the built environment is failing to meet the increasing
demands on scarce resources (Royal Scientific Society of Jordan, 2013). Jordan imports 97%
of its energy needs (The Ministry of Energy & Mineral Resources, 2017), and is ranked as the
fifth most water-scarce country in the world (World Resources Institute [WRI], 2020).
Additionally, the increase in pollution resulting from CW is particularly problematic in Jordan,
given that waste landfilling and illegal dumping are commonly pursued disposal practices
(UNEP, 2015a; Aldayyat et al., 2019). Around 90% of the total generated waste in construction
sites is disposed of in landfill sites in Jordan (Batayneh et al., 2007). According to the Waste
Atlas Partnership (2014), Jordan has two large landfill sites which are ranked among the
“World’s 50 Biggest Dumpsites”, posing a serious threat to human health and the environment.
Waste is also a key contributor for cost overruns in the Jordanian construction industry as the
percentage of wastage materials (by value) accounts for 15 to 21% in construction projects
(Bekr, 2014). Building material prices are very high given Jordan’s limited and costly supply
of natural resources, and the ever-increasing price of importing raw materials from
neighbouring countries (Royal Scientific Society of Jordan, 2013; Bekr, 2014). Such a situation
has also placed a major burden on the government especially given the poor economy of Jordan.
The escalating price of imported fossil energy in Jordan amounts to 4.6 billion Jordanian dinar
(JOD) per year (Ministry of Energy and Mineral Resources, 2017) with the construction
industry being a major contributor to national energy consumption levels (Tewfik & Ali, 2014;
El Hanandeh, 2015). Further, the environmental degradation cost is a major burden for the
Jordanian government, as each year, large amounts of money are spent dealing with the
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environmental problems resulting from CW and its associated issues. According to The German
Corporation for International Cooperation (GIZ, 2014), the environmental degradation cost was
estimated to be around 393 million JOD in 2006, which is a significant figure in relation to
Jordan’s Gross Domestic Product (GDP).
Different approaches and techniques have been established over the years to deal with CW
worldwide, notably after World War II. The majority of the regulations in developed nations
were established to encourage waste minimisation due to the large quantities of waste left after
the war (Nixon, 1978). In addition, the rapid development of urbanisation and the acceleration
of construction, renovation and demolition activities in recent decades, have resulted in
enormous volumes of construction and demolition waste increasing at an exponential rate
(Yeheyis et al., 2013). Therefore, growing attention has been placed on the need to address such
issues by both researchers and practitioners in the construction industry. This has been met with
many studies, beginning from the 1980s onwards, which have sought to determine optimal
methods to reduce waste, by minimising the associated adverse impact of construction and the
demolition of structures (Hu, 2011).
However, waste minimisation in the construction industry has not always been successfully
controlled due to several reasons, including illegal dumping, lack of governmental supervision,
the behaviour of those working in the construction industry and the lack of interest from project
stakeholders towards CWM (discussed in section 2.4.3). These problems are paramount in
Jordan, as the construction industry is still suffering from insufficient sustainability practices
characterised by poor production, sub-standard performance and a wasteful culture (Tewfik &
Ali, 2014; Aldayyat et al., 2019). Therefore, with the growing need and awareness of the
importance of CWM as a means to address the global sustainability agenda, waste minimisation
is becoming an important function of construction project management and an integral part of
every project delivery process, especially in developed nations.

1.3 Research justification
Waste is identified as a significant sustainability issue in the construction industry. It is
generated throughout the entire project lifecycle, which includes the design, construction and
demolition stages. Every stage has their specific related waste-causes and sources (see section
2.3.3). However, waste generation is usually upmost in the construction stage since it includes
a wide range of activities that may contribute to waste generation. The construction stage and
its associated waste are classified into site clearance, material use, material handling, material
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non-use, human error, on-site management and planning, on-site operation, transportation and
finally, residual waste (Wang et al., 2008; Al-Hajj & Hamani, 2011; Nagapan et al., 2012b, d;
Saez et al., 2013; Najafpoor et al., 2014; Bakshan et al., 2015; Al-Rifai & Amoudi, 2016; Ajayi
et al., 2017a; Kolaventi et al., 2020).
Consequently, numerous researchers have attempted to identify the most effective CWM
approaches related to the construction stage. Although a number of authors acknowledge the
importance of design-out practices in terms of their benefits towards CWM (Ekanayake &
Ofori, 2004; Osmani et al., 2008; Ajayi & Oyedele, 2018a), the amount of waste generation can
still be significant, if it is poorly executed during the construction process. Conversely, if onsite practices are effectively implemented, it could minimise any waste that originates directly
from the construction stage and indirectly from the design stage and, therefore, mistakes and
errors made during design can be corrected and avoided (Lopez et al., 2010; Love et al., 2011,
2012). With regards to the demolition stage, there are certain methods that can potentially
salvage waste generated from demolition, however, the problem with this type of waste is that
it is unavoidable, and there is a strong chance of producing significant amounts of it (Zhang et
al., 2012; Wu, et al., 2014; Akinade et al., 2015, 2017; Chen & Lu, 2017; Yu et al., 2020).
Therefore, there are more opportunities to avoid waste and reduce at the origin during the
construction stage, whereas demolition waste can be treated separately for reuse and recycling.
Thus, the construction stage is a significant stage in relation to CWM.
Different types of waste can be generated during the construction stage (see section 2.3.2),
including physical (solid material) and non-physical (time and cost) waste (Nagapan et al.,
2011, 2012c). Existing literature suggested that more attention should be placed on improving
the minimisation of solid material waste in construction projects (e.g., Lau et al., 2008; Oko
John & Emmanuel Itodo, 2013; Ding & Xiao, 2014; ISWA, 2015; Saidu & Shakantu, 2016;
Hossain et al., 2017; Huang et al., 2018; Wu et al., 2019; Villoria-Sáez et al., 2020). This is
because of the huge amount of solid waste worldwide which is generated by the construction
industry, posing serious problems for the three pillars of sustainability, at the project as well as
national level (as explained in section 1.2). Therefore, solid material waste in construction
projects is identified to be the most critical due to its impact on the environment as well as the
delivery and cost-overrun of projects. Accordingly, minimising solid waste is an essential
aspect in construction sites and, therefore, the well-known waste management hierarchy (see
section 2.4.1) focused on the 3Rs of waste minimisation (i.e., reduction, reuse & recycling) for
addressing CW generation. Waste reduction (i.e., prevention) is the optimal situation of CW
management as source reduction usually results in the least environmental and economic costs
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because it requires no collecting or processing of waste. However, when CW prevention is not
possible, reuse and recycling are the next best practical options that protect the environment,
alongside resource and energy consumption as well as reducing the quantity of disposed waste
to landfill. This is in addition to the reduction of further costs, including landfill charges and
the transportation of disposal, which can be significant in some projects (Yuan, 2011; Wang et
al., 2010; Ding et al., 2015; Ajayi et al., 2014, 2017a)
Over the years, different CWM approaches have been established to address the issue of CW
during the construction stage, including on-site waste minimisation practices, technological
approaches and legislation (see section 2.4.3). More recently, increasing attention has been
placed on addressing the behavioural cause of CW, as many researchers have noted that human
factors have a major effect on the generation and minimisation of waste in construction projects
(Osmani et al., 2006; Kulatunga et al., 2006; Begum et al., 2009; Al-Sari et al., 2012; Udawatta
et al., 2015; Bakshan et al., 2017; Wu et al., 2017; J. Li et al., 2018a; Liu et al., 2019;
Luangcharoenrat et al., 2019). Their studies revealed that the most common causes of CW
generation are directly or indirectly affected by the behaviour of those working in the
construction industry and, consequently, negative behaviour towards CWM could lead to
significant waste generation. Kulatunga et al. (2006) have argued that CW occurs onsite for a
number of reasons, most of which can be prevented, particularly, by changing attitudes.
Therefore, according to the aforementioned studies, it is important to focus on the behaviour
cause of CW generation with regards to achieving effective CWM. This is particularly
important with regards to the behaviour of contractors, from management to labourer level, as
they are directly involved in construction activities on-site (i.e., the construction stage).
Despite the growing need, previous studies have not fully addressed the role of the ‘human
factor’ in CWM. Various studies have proved that understanding the behaviour of contractors
in minimising waste is most challenging and complex, as adopting positive CWM behaviour
depends on many factors that contribute to its success or failure. According to the literature,
prospective and targeted employees may exhibit negative behaviour towards CWM for several
reasons, such as: insufficient relevant knowledge and lack of experience in construction, lack
of awareness and understanding of the negative effects of CW, absence of senior management
support, lack of interest and motivation towards CWM, technical difficulties and lack of rules
and regulations concerning CW (see section 2.4.3.5). Supporting this stance, Osmani et al.
(2006) noted various factors that have been found to impact the perception of architects and
contractors regarding waste minimisation and, more importantly, each of these factors has
different levels of influence in differing contexts. Therefore, it is important to identify and
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understand the factors influencing the behaviour of contractors with regard to achieving
effective CWM.
For that reason, as Morris et al. (2012) have recommended, a review of existing well-known
behavioural adoption theories and frameworks is needed in order to understand the human
behaviour in a certain context (see section 3.3). This will provide a body of literature that may
aid the researcher’s attempt to explore and understand the potential factors influencing the
behaviour of contractors towards CWM. The most popular behavioural theories include: the
Technology Acceptance Model (TAM) proposed by Davis (1985); Social Cognitive Theory
(SCT) by Bandura, (1986); the Theory of Reasoned Action (TRA) suggested by Fishbein and
Ajzen (1975), and the Theory of Planned Behaviour (TPB) proposed by Ajzen (1985, 1991).
These theories have been utilised in various disciplines, including construction, and have been
proven to be valid and reliable in the prediction of human social behaviour (Lee et al., 2003;
King & He, 2006; Nabavi, 2012; Otieno et al., 2016; Hagger, 2019). However, despite the
numerous attempts to provide accurate predictions of human behaviour, nearly all of these have
attracted strong criticism from researchers for being too simplistic and inadequate in
successfully predicting behaviour (e.g., Venkatesh & Davis, 2000; Bagozzi, 2007; Turner,
2010; Sniehotta et al., 2014; Montaño & Kasprzyk, 2015; Botetzagias et al., 2015; Ajibade,
2018; Schunk & DiBenedetto, 2020). Additionally, in reviewing the existing behavioural
adoption literature with regards to construction (see section 3.4), it has been observed that the
existing behaviour adoption theories and frameworks all have their relative benefits and
limitations in successfully predicting the factors impeding the adoption of CWM behaviour.
This is in addition to the fact that such adoption theories and frameworks have been established
in developed countries, which strongly reflect the attitudes, values and beliefs of those
environments, and may be inappropriate for other countries as it differs from one culture to
another (Humphreys, 1996; Hong & Chiu, 2001; Wu et al., 2017; Liu et al., 2019). Therefore,
existing CWM behaviour adoption frameworks may be inappropriate and are less open to
generalisation in relation to the Middle-East region and hence, Jordan. Consequently, there is a
need for a behavioural framework (BF) that will address the weaknesses of existing theories
and frameworks (to be discussed in sections 3.3.5 & 3.4) in order to enhance the explanatory
power in the prediction of CWM behaviour. This will aid in identifying and understanding of
the factors influencing the behaviour of Jordanian contractors towards CWM, especially since
a critical appraisal of existing literature reveals that scant studies are currently available in
CWM behaviour in the Middle-East region, and particularly in Jordan.
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1.4 Research gap and contribution
Prior to proceeding with research gab, it is important to define the term “framework” in order
to understand the contribution of this study to the enhancement of CWM behaviour. A
framework can be defined as a set of concepts (elements/variables) used to solve a problem in
a specific domain; and considered as a conceptual structure that enables different business
objects to be framed and treated homogeneously (Paim & Flexa, 2011). In other words, it is a
model of how a theory makes logical sense of the relationships amongst the several factors that
have been identified as important to the problem (Sekaran, 2000).
This study attempts to bridge the gap in the CW literature through the development of a BF that
will support the adoption of waste minimisation in Jordanian construction projects. The BF will
advance a more holistic understanding of the factors influencing the behaviour of contractors
towards CWM, especially since there is a lack of extensive and empirical research dedicated to
investigate CWM behaviour in Jordan, where the circumstances and culture are different from
other countries. The need for a BF is also necessitated because to date, the construction industry
in Jordan is still suffering from insufficient sustainability practices characterised by poor
production, sub-standard performance and a wasteful culture. The theoretical basis of the BF
will be developed using best practice with regards to existing behavioural adoption theories and
frameworks to enhance the explanatory power in the prediction of CWM behaviour. Further,
the process for producing the BF will be useful references for other studies which attempt to
understand CW and its related issues in other socio-economic contexts.

1.5 Aim and objectives
The aim of this research is:
To develop a behavioural framework (BF) to support the adoption of waste minimisation
behaviour by contractors in Jordanian construction projects.
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Based on the research aim, five research objectives have been established as outlined below:
1. To gain extensive knowledge and understanding of the need for waste minimisation and its
related adoption issues in the construction industry.
2. To explore existing behavioural theories and frameworks and their effective application in
a CWM context.
3. To investigate and identify the factors influencing the behaviour of Jordanian contractors
towards waste minimisation during the construction stage.
4. To develop a BF to support the adoption of waste minimisation in the construction stage of
projects using Jordan as a case study.
5. To validate the developed BF for effective waste minimisation for contractors in Jordanian
construction projects.

1.6 Research methodology
A research methodology is “a system of explicit rules and procedures upon which research is
based and for knowledge is to be evaluated” (Fellows & Liu, 2015). Since the research gap and
intended contribution of this study has been identified, it is therefore essential to design a
rational methodological approach to execute this research and to validate the results (Saunders
et al., 2007; Fellows & Liu, 2015).
After careful consideration of the nature of the research problem, a qualitative approach, which
is aligned with the interpretive research philosophy, will be adopted as the research
methodology for this study. This is because such a paradigm which is governed by the
qualitative inquiry of “what” and “how” questions, allows the researcher to investigate in-depth
and insightful information and explanations of the Jordanian contractors toward the adoption
of CWM (see sections 4.3 & 4.4). The Delphi interview technique is to be used as the primary
mode of data collection to meet the study’s aim and objectives as it offers a well-informed look
at the current and potential status of the adoption of CWM behaviour among Jordanian
contractors. Finally, a validation workshop will be employed in this research to validate the
results of the Delphi study. Figure 1.1 outlines the stages within the research methodological
process which demonstrates a sense of a “sequence” and acts as a guideline for the researcher
to monitor the research in order to ensure that the process is on the right track.
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Figure 1.1: Flow diagram of the methodological process of this study

In light of the above figure, the adopted methodological process is divided into three main
stages with each stage addressing a particular research objective. Stage One involves a critical
and comprehensive review of the existing literature regarding the fundamentals of CW,
including types, causes and CWM approaches with a particular focus on CWM behaviour
(Objectives 1& 2). Consequently, Stage Two involves the adoption of the Delphi technique as
the primary investigatory technique to identify and understand the factors influencing the
behaviour of Jordanian contractors towards CWM, and to substantiate the list of factors found
in the literature review (Objectives 3& 4). Finally, Stage Three involves a workshop technique
with the objective of validating the set of data which was identified in Stage Two as this enables
the researcher to assure that the BF is of value to the Jordanian construction industry. In
addition, this stage summarises and synthesises the entire research findings, acknowledges
limitations and the novelty of the research as well as providing recommendations for future
research studies. (Objectives 5).
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1.7 Research structure
This research will be divided into eight chapters as follows:
Chapter 1: This presents the research problem, justification, aim and objectives and outlines
the research methodology. Finally, this chapter ends with a summary of the PhD thesis
structure.
Chapter 2: This presents the fundamentals of the CW subject, its definition, origins, causes
and its minimisation methods and need. Finally, it goes on to discuss the current uptake of
CWM in the Jordanian construction industry.
Chapter 3: This discusses the behaviour of contractors towards waste minimisation during the
construction stage. It reviews the application of the extant behaviour adoption theories and
frameworks, as well as the ineptness and practical limitations in their explanatory power.
Chapter 4: This discusses the research methodological design adopted in this research by
establishing the research’s philosophy, approach, strategy (techniques) and the research
validation method.
Chapter 5: This presents the research’s primary findings gathered through the Delphi technique
formulation with discussion of the results. This is to identify and understand the factors
influencing the behaviour of Jordanian contractors toward CWM.
Chapter 6: This discusses the development of the BF based on the tabulation of the key
findings of the Delphi study (Chapter 5) with the findings of the literature review (Chapters 2
& 3).
Chapter 7: This presents the results of the framework’s validation through a workshop
technique. This is to validate and refine the BF so as to be of value to the Jordanian construction
industry
Chapter 8: This summarises and synthesises the entire research findings, acknowledges the
originality of the research and discusses the limitations of this study in order to propose a list
of recommendations for future work.

12

1.8 Chapter summary
This chapter provided an overview of this thesis by introducing the research’s aim and
objectives, justifying the research area, providing a summary of the research methodology and
the contribution of the research to advancing knowledge. The following chapter will provide an
in-depth discussion with regards to the nature of CW in order to establish the principles of, and
the need for, CWM.
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Chapter 2
Waste in the Construction Industry
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2.1 Chapter overview
Chapter 1 laid the overall foundation and purpose of this thesis. It clarified that many countries
worldwide are facing significant problems resulting from CW and its associated negative
impact with respect to the three pillars of sustainability (environment, economic and social).
This was mainly attributed to the lack of effective waste minimisation practices throughout the
construction project’s lifecycle. This chapter considers the nature of CW and how it can be
minimised, with particular focus on behaviour and its impact on CW generation and
minimisation. It begins by discussing the effect of waste on construction sustainability followed
by a description of the fundamentals of CW: its definition, origins, causes, and its minimisation
methods and needs. Finally, presents the prevailing situation in Jordan with regards to CW with
the aim of identifying gaps in the knowledge and confirming the research objectives as
discussed in Chapter 1.

2.2 Sustainable construction
Sustainable construction (SC) refers to the construction process which incorporates the basic
themes of sustainable development. H. Li et al. (2018) defined SC as a “subset of sustainable
development that aim to eliminate the negative impact on the built environment while
enhancing the social health and economic development of the community as a whole”. A similar
definition was posited by the International Organisation for Standardisation (ISO, 2015), stating
“sustainable construction brings about the required performance in built facilities with the least
unfavourable environmental impacts, while encouraging economic, social and cultural
improvement at a local, regional and global level”.
Sustainable development in the construction industry is one of growing interest around the
world. According to H. Li et al. (2018), SC supports social wellbeing in addition to
environmental protection and economic prosperity and in order to satisfy a sustainable
development in construction, it is important to attain the right balance between these pillars of
sustainability (see Figure 2.1). Confirming this, Gan et al. (2015) revealed that the key drivers
for attaining SC in the built environment includes cost-effective construction projects, creating
a healthy built environment using resource-efficiency and promoting high standards of living
for people, as a result of better performance and quality of built facilities over their full lifecycle.
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Figure 2.1: Sustainable development - interaction of social, environmental and economic pillars
of sustainability

The construction industry faces serious challenges affecting the successful achievement of SC.
According to Ramanathan et al. (2012), achieving project completion on time and within the
estimated cost are basic requirements for attaining SC. Both issues are major considerations
affecting the performance of the construction industry in both developed and developing
countries. However, it has been shown that the trend of a cost overrun is more severe in
developing countries, as sometimes it exceeds 100% of the estimated budget of the construction
project (Memon et al., 2010). Imposing negative impacts on the environment is also considered
a significant problem inhibiting the effective implementation of SC. Gan et al. (2015) revealed
that the construction industry is considered to be the most environmental-unfriendly human
activity due to the excessive consumption of natural resources and the production of a great
deal of pollutants.
CW is considered a serious and chronic problem affecting the successful achievement of SC. A
number of authors (e.g., Nagapan et al., 2012a; Osmani, 2012; Yeheyis et al., 2013; Wu et al.,
2016; Ding et al., 2016, 2018; Islam et al., 2019; Wang et al., 2019) and environmental
protection agencies such as in the UK (DEFRA, 2020), in the USA (EPA, 2019) and
internationally (ISWA, 2015), have raised concerns over the generation of high volumes of CW
and have listed CWM among the top priorities for attaining SC. This is because of the major
impact which CW exerts on the three pillars of sustainability at the project as well as the national
level (explained in section 2.4.2). According to Bakshan et al. (2015), waste generation over a
building’s lifecycle - through design, construction or demolition - triggers a number of
environmental, financial and social problems. Therefore, it is important to understand the
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fundamentals of CW and demystify the issues concerning its minimisation, as it would be an
important step along the road to achieve the environmental, financial and social sustainability
for construction projects.

2.3 Construction waste
As previously discussed in Chapter 1, CW is becoming an important issue in many countries
around the world due to the massive volumes generated every year. Although the issue of CW
is widely known around the world, it is still important that it is clearly identified in order to gain
a comprehensive understanding of the principles of, and the need for, CWM.

2.3.1 Construction waste definition
According to the United Nations Statistics Division (UNSD, 2016), waste is described as
“materials that are not prime products (that is, products produced for the market) for which the
generator has no further use in terms of his/ her own purposes of production, transformation or
consumption, and of which he/ she wants to dispose… waste may be generated during the
extraction of raw materials, the processing of raw materials into intermediate and final products,
the consumption of final products, and other human activities… residuals recycled or reused at
the place of generation are excluded”.
Waste in construction is identified in different ways in the literature. For instance, Skoyles and
Skoyles (1987) defined it as “a material which needs to be transported elsewhere, due to
damage, excess, or non-use or which cannot be used specifically due to non-compliance with
the specifications, or which is a by-product of the construction process”. This definition,
however, focuses on waste which arises during the construction process. Shen et al. (2004) went
further by providing a more comprehensive definition including waste that could arise from
other stages and phases. They stated that “waste from construction can be in the form of building
debris, rubble, earth, concrete, steel, timber, and mixed site clearance materials, arising from
various construction activities including land excavation or formation, civil and building
construction, site clearance, demolition activities, roadwork, and building renovation… waste
is often the mixture of inert and organic materials”. Notably, these definitions refer only to
material waste, whereas other authors (e.g., Ekanayake & Ofori, 2000; Alwi et al., 2002)
defined waste in construction projects in terms of material, labour and machinery waste which
results in time, cost and quality losses. Based on these definitions, it can be noted that there are
different types of waste in construction projects and therefore, for the purpose of this study, it
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is important to identify its components to know which type is going to be focused upon and
why. These are discussed in the following subsection.

2.3.2 Construction waste classification
Various types of wastes are generated throughout the construction project. The amount and
classification of these wastes depend on different issues, such as the nature and the stage of the
construction project, and the methods of construction. Many categorisation models have been
applied to classify the types of waste in construction projects, however there is no universal
classification system as waste can be classiﬁed in many ways, see Table 2.1.
Table 2.1: Classifications of waste in construction projects
Type of waste

Type of classification

Reference

-

Material
Time
Cost

Physical and non-physical
waste

Nagapan et al. (2011, 2012c).

-

Design
Construction
Demolition

By their origin

Shen et al. (2004), Kozlovská and
Spišáková (2013), Polat et al. (2017).

-

Labour
Material
Machinery

By their cost

Ekanayake and Ofori (2000), Alwi et
al. (2002), Yahya and Boussabaine
(2006), Bølviken et al. (2014).

-

Transportation
Inventory
Motion
Waiting
Over-production
Over-processing
Defects

By their added value

Ohno (1988), Koskela et al. (2013)
Bølviken et al. (2014).

Table 2.1 details the most common classifications of waste in the construction projects.
However, numerous studies in the construction literature focus on solid material waste, and
have listed it among the top priorities in relation to CWM (e.g. Lau et al., 2008; Wang et al.,
2008; Llatas, 2011; Al-Hajj & Hamani, 2011; Oko John & Emmanuel Itodo, 2013; Ding &
Xiao, 2014; Sáez et al., 2015; Saidu & Shakantu, 2016; Al-Rifai & Amoudi, 2016; Hossain et
al., 2017; Arshad et al., 2017; Huang et al., 2018; Mulenga, 2018; Menegaki & Damigos, 2018;
Liang et al., 2019; Wu et al., 2019; Bakchan & Faust, 2019; Villoria-Sáez et al., 2020).
Additionally, a number of governmental and private institutions such as in the UK (WRAP,
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DEFRA, CIWM), in the USA (EPA, SWANA), in the European Union (EEA) and
internationally (ISWA, UNEP) have raised concerns over the generation of high volumes of
material waste in construction projects. This is because of the significant impact of such type
of waste on the three pillars of a SC (full details in section 2.4.2). Therefore, this study focuses
on solid material waste, irrespective of the type of wastes in construction projects, and the terms
CW and CWM will be used throughout this thesis to refer to solid material of generated waste
in construction sites.
In a typical classiﬁcation, solid waste from construction projects is often a mixture of inert and
non-inert materials. The inert materials are the components that scarcely participate in chemical
reactions under common circumstances, such as concrete, bricks, ceramics, plaster, asphalt,
aggregate, rock or rubble and soil. The non-inert materials are readily engaged in chemical
reactions, such as ferrous and non-ferrous metal, timber, plastic, glass, paper, cardboard,
wallboard and other organic materials (Zhang et al., 2012; UNEP, 2015a; Wu et al., 2017). The
first step towards CWM is the identification of the problem as well as its causes and effects.
Therefore, to minimise waste in construction projects, it is very important to identify the origins
and causes of CW first, so that CWM methods can be effectively implemented.

2.3.3 Origins and causes of construction waste
Both terms, “origins of waste” and “causes of waste”, are often used synonymously. However,
for the purpose of this study, it is important to clarify the difference between these terms. In
this context, the term ‘origins’ refers to the stage or level of activities that generate CW, whilst
the term ‘causes’ refers to the reasons why CW is generated within the stage or level of
activities.
CW is generated throughout the entire project lifecycle i.e., during the design, construction and
demolition stages. The literature reveals a large number of past studies which have been
conducted to identify origins based on the project stage or level activities. For instance, Gavilan
and Bernold (1994) grouped the origins of CW according to the following: design, procurement,
materials handling, operation, residual and others. This has also been reported by a number of
other studies (Serpell & Labra, 2003; Ekanayake & Ofori, 2000, 2004). Osmani et al. (2008)
added four clusters into these six groupings, including contractual, transportation, on-site
management and planning, and material storage. Keys et al. (2000) adopted a slightly different
categorisation system, their study classified the origins of CW under the headings of
manufacture, supplier, procurement, designer, logistics, client, contractor and site management.
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Notably, Keys’ classification suggested that the origins of CW are not only associated with
project activities but also with the project stakeholders. Another categorisation was proposed
by Tam et al. (2007a), who included the demolition stage in their grouping of waste origins
namely design, procurement, material handling, construction/renovation and demolition.
Causes of CW are mainly associated with two stages of a construction project: the design and
construction stages (see Table 2.2). Various issues that cause CW are highlighted in the
literature, and they have different levels of significance and impact on CW generation. A
number of researchers have come to this conclusion in their studies. For instance, Nagapan et
al. (2012b, c) traced the most signiﬁcant sources of CW to errors and mistakes in design and
during construction. Their study indicated that mistakes during construction have a strong
positive correlation with rework and, thus, increase waste generation. Confirming this, Al-Hajj
and Hamani (2011) revealed that excessive off-cuts resulting from rework and variations are
considered as one of the main waste generators in construction projects.
Luangcharoenrat et al. (2019) conducted a structured questionnaire survey among Thai
contractors to identify causes of CW generation. Their results showed that the main causes are
design and documentation, human resources, construction methods and planning, and material
and procurement. Some studies emphasised that improper materials procurement is a practice
that leads to a great deal of CW (Ajayi et al., 2017b; Kolaventi et al., 2020), while other studies
showed that material handling and control are dominant issues that contribute significantly to
waste generation on construction sites (Oko & Emmanuel, 2013). Furthermore, poor weather
and environmental disasters such as earthquakes, hurricanes, tornadoes and floodwater can
sometimes also be significant with regard to waste generation in construction projects.
(Karunasena, & Amaratunga, 2016; Domingo & Luo, 2017). Table 2.2 categorised and itemised
common causes of CW generation which are identified in past studies.
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Table 2.2: Common causes of waste generation in construction projects
Group

Design

Causes of CW
-

-

Procurement

-

Handling of
materials

-

Reference

Nagapan et al. (2012c),
Errors in contract documents
Ajayi and Oyedele
Blueprint errors
(2018a), Nursin et al.
Detailing errors
(2018), Akinade et al.
Design changes
(2018), Osmani (2008,
Complexities in design
Poor coordination and communication (late 2013), Banihashemi et al.
information, last minute client requirements, slow (2018), Polat et al. (2017),
Al-Hajj and Hamani
drawing revision and distribution)
(2011).
Unclear/unsuitable speciﬁcation
Shipping errors/ suppliers’ error
Ordering errors
Late/incorrect timing of deliveries
Leftovers due to over estimation
Packaging materials
Incorrect quantity estimation
Use of low-quality materials
Improper storage/deterioration
Improper handling (off-site and on-site)
Materials supplied in loose form
,

On-site
operations

-

-

Rework due to errors
Improper project planning
Equipment malfunctions
Use of incorrect material
Poor workmanship
Leftovers from cutting and shaping/ materials off-cuts
Poor site conditions
Poor supervision
Lack of waste minimisation plans
,

Others

-

-

Nagapan et al. (2011),
Mahamid and Elbadawi
(2014), Ajayi and Oyedele
(2018b), Ajayi et al.
(2017b), Kolaventi et al.
(2020), Ajayi (2020),
Kern et al. (2015).
Mahamid and Elbadawi
(2014), Nagapan et al.
(2011), Oko and
Emmanuel (2013),
Najafpoor et al. (2014).
Udawatta et al. (2015), AlHajj and Hamani (2011)
Bekr (2014), Al-Rifai and
Amoudi (2016), Osmani et
al. (2006), Arshad et al.
(2017), Polat et al. (2017),
Oko and Emmanuel
(2013), Kolaventi et al.
(2020), Muhwezi et al.
(2012), Patil and Pataskar
(2013).
Bekr (2014), Karunasena
and Amaratunga (2016),
Domingo and Luo (2017),
Muhwezi et al. (2012),
Vasconcelos and Junior
(2015).

Poor weather conditions
Environmental disasters
Accidents
Theft and vandalism
.
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In light of the above table, it can be noted that there are no causes that generate waste at the
demolition stage; the whole structure will be turned to waste once its torn down and is often
considered as non-avoidable waste. Therefore, this research concentrates on waste generated
during the construction stage only, and does not extend to demolition as there are more
opportunities to avoid waste and reduce at the origin, whereas demolition waste can be managed
separately for reuse and recycling. According to several studies (e.g., Zhang et al., 2012; Wu et
al., 2014; Akinade et al., 2015, 2017; Chen & Lu, 2017; Yu et al., 2020), there are certain
methods that can potentially salvage waste generated from demolition (e.g., deconstruction),
however, the problem with this type of waste is that it is unavoidable and there is a strong
chance of producing significant amount of it. Wu et al. (2014) and Akinade et al. (2015)
indicated that the majority of waste which results from the demolition of structures is
unrecoverable and eventually sent to landfills. Thus, the construction stage is a significant stage
in relation to CWM.
This research also does not extend to waste that originates during the design stage, as waste
generation is usually upmost in the construction stage since it includes a wide range of activities
that may contribute to waste generation. According to numerous studies (e.g. Tam et al., 2007b;
Wang et al., 2008; Al-Hajj & Hamani, 2011; Nagapan et al., 2012b,d; Saez et al., 2013;
Najafpoor et al., 2014; Mahayuddin & Zaharuddin, 2013; Bakshan et al., 2015; Gulghane &
Khandve, 2015; Sasidharani & Jayanthi, 2015; Li et al., 2016; Al-Rifai & Amoudi, 2016; Ajayi
et al., 2017a; Arshad et al., 2017; Kolaventi et al., 2020), CW is generated throughout the
construction stage where there is site clearance, onsite operation, material use, material
handling, material non-use, human error, on-site management and planning, transportation, and
finally residual waste. Therefore, even with an effective project design, there are still strong
chances of producing huge amount of waste, if it is poorly executed during the construction
process. Conversely, if on-site practices are effectively implemented, it could minimise any
waste that originates directly from the construction stage and indirectly from other stages and
phases of the project. Accordingly, mistakes and errors made during the design stage can be
corrected and avoided in the construction stage (Lopez et al., 2010; Love et al., 2011, 2012).
As this study focuses on the construction stage it is, therefore, important to identify the
construction stakeholders involved in such a stage. In construction projects, a contractor is the
main stakeholder that is engaged in construction work, with a responsibly of managing,
constructing and completing the project as drawn by the designer. Contractors include
employees of different disciplines, each of which has a specific related job duties and
responsibilities and these are typically: lead manager, project manager, site managers, site
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supervisors, and labours. This is in addition to sub-contractors and any individual selfemployed worker. Lead and project managers (also referred to as senior management) oversee
all phases of the construction process, from planning to administrative needs, while site
managers oversee on-site operations, such as materials, personnel, and the construction budget.
The difference between site supervisors and site managers is that the latter are a step above and
have a wider scope of responsibility, whereas the former are mainly responsible for ensuring
compliance with construction safety regulations in addition to monitoring the work progress of
on-site workers and sub-contractors. Labourers (also referred to as on-site workers) include
both skilled and unskilled labours, and the difference between the two is that the job
requirement of the latter requires no specific education level or specialised experience, whereas
the former requires additional skills or education.
It is important to note that CW generation is not only a technical issue but also a behavioural
one, therefore, the next subsection discusses how the behaviour of personal involved in the
construction industry, particularly contractors, can largely influence waste generation and why
it is timely that this research focuses on this issue among other causes. Notably, in the following
debate, the terms “attitude” and “behaviour” are used synonymously by researchers in their
studies, referring to causes of CW generation. However, for the purpose of this study, the
difference between the two terms is discussed in section 3.2.

2.3.3.1 Behavioural cause of construction waste
Human factors are integrated with every stage and phase in construction projects, unlike the
other technical causes which are related to a specific phase (see Figure 2.2). This is because
most common causes of CW generation are directly or indirectly affected by the behaviour of
those working in the construction industry and by changing perceptions and attitudes; most of
these causes can be prevented (e.g., Osmani et al., 2006; Kulatunga et al., 2006; Begum et al.,
2009; Al-Sari et al., 2012; Udawatta et al., 2015; Ikau et al., 2016; Bakshan et al., 2017; Wu et
al., 2017; J. Li et al., 2018a; Yuan et al.,2018; Liu et al., 2019; Luangcharoenrat et al., 2019)
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Figure 2.2: The effect of human factors on waste generation in construction projects

Al-Sari et al. (2012) highlighted that due to the labour-intensive nature of construction
activities, the levels of waste generation are largely influenced by the behaviour of contractors.
For instance, Wang et al. (2008) revealed that CW generation during on-site activities such as
on-site management, operating machines, materials ordering and material handling, is mainly
attributed to contractors’ behaviour. Similarly, Fapohunda and Stephenson (2011) concluded
that CW is mainly caused by a failure to use resources properly and effectively by construction
operatives, such as cutting materials and materials protection. Liu et al. (2019) revealed that the
extent to which reduction, reuse and recycling of CW can be attained, depends highly on
motivational inﬂuences on the attitude of contractors, from management level to labourers.
Furthermore, Kulatunga et al. (2006) argued that the effective implementation of CWM
measures is largely affected by the attitude and perception of contractors.
However, such behaviour of contractors is influenced by a number of important factors as
discussed in section 3.4. For instance, Poon et al. (2001) revealed that project managers may
have little motivation towards performing on-site waste sorting, because it is perceived time
and labour demanding. This was confirmed by Yuan et al. (2018) who provided relevant
evidence exploring contractors’ attitudes to waste. They add that a lack of managerial support
and commitment being devoted to CW management activities, such as the availability of
adequate resources, manpower and time, often results in difficulties for project stakeholders in
minimising CW. Other studies concluded that lack of awareness and knowledge of contractors
are major waste generation causes in construction sites. For example, Al-Hajj and Hamani
(2011) stated that one of the main causes contributing to CW generation was lack of
environmental awareness. Luangcharoenrat et al. (2019) noted that poor experience and lack of
skills in assigned tasks will affect the quality of work often causing rework and repairs, which
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will result in huge CW generation. Furthermore, Lu and Yuan (2010) suggested that poor
knowledge of CWM measures can lead to a great deal of CW generation. This can also result
in poor perception among construction operatives by considering CW generation as an
inevitable matter (Teo & Loosemore, 2001).
In light of the above discussions, it can be noted that human factors can have a major effect on
waste generation and minimisation in construction projects. Therefore, this study focuses on
the behavioural approaches when addressing CWM, as according to Udawatta et al. (2015)
behavioural approaches require improvement to minimise waste generation in construction
projects. Since the nature of waste has been clarified and its related causes have been identified,
it is therefore important to discuss how it could be minimised with the aim of identifying gaps
in the knowledge and confirming the research objectives.

2.4 Construction waste minimisation
In recent decades, with the rapid urban development, vast construction, renovation and
demolition activities can be found across the world causing the amount of waste to increase at
a high rate. The increasing awareness of such issues by both researchers and practitioners in the
construction industry, has led to the development of CWM as an important function of
construction project management. In addition, a large body of literature has emerged dedicated
to its study (Yeheyis et al., 2013; Ding et al., 2015). However, CWM has not always been
successfully controlled due to several reasons, including a lack of awareness and poor
knowledge of the CW issue, illegal dumping, lack of governmental supervision, and the lack of
interest from construction stakeholders towards waste minimisation (discussed in section 2.4.3).
This shows that more work is required to achieve an acceptable standard in CWM. The
subsequent sections discuss the principles of, and the need for, CWM, and highlight key
findings of previous studies that relate to waste minimisation approaches which have been
utilised in construction projects. This is to gain methodological insights for this study and also
to identify key drivers as well as challenges facing waste minimisation in the construction
industry.

2.4.1 Waste hierarchy
The hierarchy of waste management is a well-known guide used in the evaluation of practices
from the most favourable option to the least favourable one, for addressing waste generation in
construction projects (see Figure 2.3). It represents the best practicable options that protect the
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environment alongside resource and energy consumption within the chain of priorities for waste
management, starting from the optimal situation of waste reduction (also referred to as
prevention) and extending up to waste disposal which is the end-of-pipe solution. The waste
hierarchy comprises the 3Rs of waste minimisation (i.e., reduction, reuse & recycling),
followed by recovery of energy (e.g., incineration) and final disposal.

Figure 2.3: Waste hierarchy (Council Directive 2008/98/EC, 2008)

Reducing CW is the paramount goal of the hierarchy, as source reduction usually results in the
least environmental and economic costs because it requires no collecting or processing of waste,
which in turn helps to reduce the cost of higher charges for waste transportation, recycling and
disposal. Therefore, CW management must primarily aim to prevent waste generation from the
start. However, when waste prevention is not possible, the reuse of CW is the next most
desirable option as suggested by the hierarchy. This step often requires collection but relatively
little or no processing. Failing the above, recycling is most often the more preferred option than
energy recovery in the hierarchy of waste management. However, both activities generally
require collection and processing, thus, requiring additional energy and resources to reduce CW
levels. CW disposal is the last resort in the waste management hierarchy and only considered
once all other possibilities have been explored due to its negative environmental impact.
Notably, the terms CW management and CWM have sometimes been used interchangeably in
the literature. However, some studies have defined clear differences between the two. For
instance, the Council Directive 2008/98/EC (2008) has referred to CWM (or CW reduction) as
the process of eliminating waste at the source, while it defined CW management as the process
which comprises all the five options in the waste hierarchy including source reduction. Other
sources (e.g., Ismam & Ismail, 2014; Saadi et al., 2016) have adopted different perspectives
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separating the process of CW reduction from CW management, referring to CW management
as the process involved in dealing with waste once it has arisen. However, the scope of this
study on CWM focuses on the 3Rs of waste minimisation during the construction stage, based
on their significant resulting benefits in relation to construction projects as well as local
communities, and for the purpose of this study, the term CWM will involve these three
activities.
Many governments worldwide have established a number of CW management plans and
strategies following the guidelines of the waste hierarchical approach in order to effectively
manage CW (see section 2.4.3.3). However, several barriers and challenges often face the
successful implementation of these plans and strategies. For example, recycling, reuse and
recovery targets seem rather unrealistic in some cases due to several challenges, including
insufficient infrastructure, lack of interest and engagement with programs, strategies’ system
vagueness, weak strategic planning and the lack of a specific legislative framework (see Table
2.7).

2.4.2 The need for construction waste minimisation
In recent decades, there has been a growing need and awareness of the importance of CWM as
a means to address the global sustainability agenda, as well as a step towards environmental
friendliness and economic benefits. According to Ekanayake and Ofori (2000), the effects of
CW can be classified into two levels: the project level and the national level. At the project
level, CW impacts stakeholder’s profits, and reputation as well as the project’s performance
and productivity. At the national level, CW causes national and even global environmental
problems as well as a financial load on governments; dealing with CW and its related problems.
The subsequent sections discuss the effects of CW on the environmental, financial, and social
aspects of SC and why there is an inherent need for CWM for both construction industries and
governments.

2.4.2.1 Environmental issues
CW creates a number of major environment problems, such as diminished landﬁll areas due to
increasing quantities of the disposed waste; consumption of a large volume of raw material
resources; pollution and contamination resulting in serious health problems; and added energy
consumption for transportation of waste and manufacturing new materials instead of those
which are wasted (Nagapan et al., 2012a; Marzouk & Azab, 2014; Ding et al., 2016, 2018;
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Ibrahim, 2016; Ferronato et al., 2017; Wang et al., 2018; Wang et al., 2019). Therefore, CWM
is becoming ever more essential to protect the natural ecosystems and public health
Construction and demolition waste accounts for approximately 36% of the total waste received
at landﬁll sites around the world, equating to 2.5-3.5 billion tonnes each year (ISWA, 2015).
Many countries are reporting that they are rapidly running out of landfill areas for waste,
especially in developing cities. For instance, figures published by the UK government revealed
that the construction industry in the UK generates around 130 million tonnes/year of CW which
is responsible for almost two thirds of the total landfill waste (DEFRA, 2020). Over 800 million
tonnes of construction and demolition waste are generated every year in the EU (Deloitte,
(2017), accounting for around 25% - 30% of all waste generated (European Commission, 2018).
The figure is more than 1.5 billion tonnes in China (Huang et al., 2018), with only 5% being
recycled (NDRC, 2014). In the USA, the volume of waste generated by the construction
industry increased to 569 million tonnes in 2017 (EPA, 2019).
It is a similar story in the Middle-East region; inevitably the figures are lower but relative to the
region’s size and economic situation, they are still significant. The Gulf Cooperation Countries
(GCC) generate around 120 million tonnes of general solid waste every year; the construction
industry is responsible for around 55% (McElroy, 2012, Bhatia, 2016). Most of the collected
waste in these countries is disposed of in landfills and waste dumpsites on the outskirts of the
cities (Ouda et al., 2018). In Kuwait, approximately 16 million tonnes/year of CW is produced
and around 66-84% of this waste is disposed of in landfill (Albeeshi et al., 2017; Puri-Mirza,
2020). The UAE is no exception and is ranked as one of the largest producers of waste (per
capita) worldwide, where construction and demolition waste account for 70% of total solid
waste generated (Al-Hajj & Hamani, 2011; Swain, 2018). In Abu Dhabi alone, 4.55 million
tonnes of waste were generated by the construction industry with 67.8% sent to dumpsites and
landfills (Hittini & Shibeika, 2019).
The generation of waste also contributes to the depletion of raw materials. This is because the
construction industry consumes a huge amount of building materials most of which are from
non-renewable sources such as metals and timber (UNEP, 2015b). Therefore, waste in
construction projects means more consumption of these non-renewable resources. According
to the UNEP (2015b, 2019a, 2019b, 2019c), buildings construction consumes around 35% of
the world’s resources including 12% of fresh water (including embodied water), 25% of steel,
and more than 50% of crushed rock, gravel and sand. These all are used globally each year for
construction. Additionally, the built environment accounts for 36% of the global final energy
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use each year, including embodied energy which is the energy used for all processes which are
associated with projects construction, starting from the mining and processing of natural
resources to manufacturing, transport and utilisation of building materials and finally, waste
recycling and the disposal stage (UNEP, 2019a)
Pollution and contamination are additional significant problems resulting from CW. CW is a
major contributor to environmental pollution having an impact on air, water and soil
contamination, and resulting in adverse effects on ﬂora and fauna (Ding et al., 2016; Ferronato
et al., 2017). According to the World Bank (2018), 33% of CW is still openly dumped globally
in forests, open land or waterways which in turn may cause soil and water contamination. This
is because building construction materials are mostly processed materials and, therefore, often
contain solvents and volatile organic compounds which affect human health and create fire
hazards (Butera et al., 2014). Notably, open dumping (i.e., illegal dumping) is a prevalent waste
disposal practice in lower-income countries equating for 93%, where there is a huge shortage
of designated landfills, resulting in serious environmental impact (World Bank, 2018).
However, CW disposal not only contaminates water and soil fertility but also leads to serious
air pollution, as 11% of the generated waste is treated through incineration worldwide (World
Bank, 2018). Additionally, the increasing volumes of CW and its associated energy usage create
energy-related carbon dioxide (CO2) emissions which contribute to climate change (Ibrahim,
2016). According to the UNEP (2019a), buildings construction accounts for 11% of energy and
process-related CO2 emissions each year.
The realisation of the impacts from CW on the environment has led both governments and
decision makers in construction to develop various minimisation approaches, governmental
legislations and good practice in order to protect the environment (see section 2.4.3). However,
despite the recognised effort for enhancing environmental sustainability, the amount of CW
generation is still substantially high and is considered a chronic and ongoing problem. This can
be attributed to several major issues including lack of interest in CWM (Jaillon et al., 2009;
Simpson, 2012); poor perception of the environmental problems which are caused by CW, (AlHajj & Hamani, 2011); and an absence of strict governmental policies and regulations, or
reinforcing their existing ones (Votyakova, 2018). In confirmation of this, Lu et al. (2015) and
Li et al. (2020) noted that managers are mostly concerned with time and money objectives in
construction projects and that is why some managers would rather pay the charges and fees of
CW disposal rather than investing money in CWM because sometimes it is perceived as being
cheaper and less time consuming.
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2.4.2.2 Economic issues
While CW affects the environment, it is also a key contributor to cost overruns in construction
projects. Numerous studies in the construction literature have revealed that waste prevention
results in financial benefits within the construction industry (Yuan et al., 2011; Saidu &
Shakantu, 2016). According to WRAP (n.d.), around 15% (by value) of materials delivered to
construction sites are wasted. However, the cost of material purchasing is only one part
contributing to the total cost of CW as there is the cost of collecting, transporting and disposing
as well as the time spent on managing and handling such waste (Mahpour & Mortaheb, 2018;
Hao et al., 2019). Indeed, Osmani (2011) indicated that in construction projects, the true cost
of waste is around 20 times the cost of waste disposal. Financial losses of CW generation can
also result in increased tender prices of construction projects and, therefore, will raise the cost
for clients as well as affect the competitiveness of contractors in obtaining future projects (Ann
et al., 2013). However, when CW generation is unavoidable, on-site sorting, reuse and recycling
of CW can also contribute to cost reduction in construction projects. This is because such waste
minimisation practises reduce the quantity of disposed waste to landfill, which can be
significant in some projects, and therefore reduce CW disposal cost including landfill charges
and the transportation of disposal (Hao et al., 2008; Yuan, 2011; Wang et al., 2010; Ding et al.,
2015; Ajayi et al., 2014, 2017a). For instance, landfill tax costs the construction industry in the
UK over 200 million pounds each year (Osmani, 2012), resulting in significant profit losses for
projects stakeholders.
Therefore, it is very important for the construction industry to improve its performance in this
competitive age by adopting effective CWM practices. This will benefit both clients and
contractors by achieving efficient construction in terms of reduced costs and time. For that
reason, many stakeholders in the construction industry including clients, designers and
contractors, are placing an increased effort in waste minimisation towards obtaining its
optimum value (Osmani, 2011; Hussin et al., 2013; Yeheyis et al., 2013). However, project
stakeholders sometimes are not incentivised in taking effective actions to minimise CW due to
a lack of awareness and knowledge of the financial benefits (cost saving) of CWM (Udawatta
et al., 2015; Bakshan et al., 2017). Additionally, the widespread perception by projects
stakeholders that CWM is an activity that contributes to additional project expenses, creates a
lack of interest towards adopting effective measures to minimise waste (Manowong, 2012).
From the country’s economic perspective, CW is of grave concern and a challenging issue
facing many economies worldwide. Managing CW and its related problems require substantial
investments from municipal governments, including physical infrastructure and long-term
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operations. This involves eliminating the damage that results from landﬁll emissions, removing
the openly dumped waste to its specified dumping landfill, constructing new landﬁlls to
accommodate increased waste quantities and coverage of operational expenditures for labour,
fuel and the servicing of equipment. This is in addition to enforcing rules and regulations for
controlling waste disposal and subsequent monitoring, as well as developing waste
management plans and strategies (Hussin et al., 2013; Marzouk & Azab, 2014). Globally, 205
billion dollars was spent in 2010 on solid waste related challenges and this figure could rise to
an estimated 375 billion dollars per year by 2025 (Asnap, 2012). This situation, however, is
more critical in low- and middle-income countries where financing solid waste management
systems is one of their greatest concerns, since it comprises of more than 20% of municipal
budgets and can be much higher in certain cases. Furthermore, it is estimated that local
governments in such countries provide about 50% of their investments for solid waste services
and management (World Bank, 2018). Potentially, this results in a major impact on the financial
sustainability of local governments as funding must be balanced with the provision of other
essential services such as healthcare, education and housing (ISWA, 2017; World Bank, 2018).

2.4.2.3 Social issues
While it is recognised that waste generation plays a key role in the environmental and economic
sustainability of construction, it is clear that the social benefits of SC are strongly correlated
with the minimisation of CW. Adopting SC through waste minimisation outlines the creation
and management of a healthy built environment based on resource efficient and ecological
principles (Hussin et al., 2013; Gan et al., 2015). This will result in achieving significant
advantages of social sustainability for both society and the construction industry. In terms of a
society perspective, SC enhances the environmental performance through minimising pollution,
salvaging natural resources, reducing the overall energy use and enhancing city landscapes by
reducing open dumping (see section 2.4.2.1). Additionally, SC enhances the economic
performance of governments through reducing costs of dealing with CW and its related
problems (Section 2.4.2.2) Therefore, adopting SC through carrying out essential sustainability
practices (e.g., CWM), will help improve the quality of life and increase the standard of living
in local communities.
From the construction industry perspective, the social benefits of adopting SC are reflected
through responding to the needs of people over the project’s lifecycle, providing high
satisfaction for customers and working closely with clients, suppliers, employees and local
communities (Azis et al., 2012; Hussin et al., 2013; Almahmoud & Doloi, 2018). In other
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words, social sustainability in construction is best achieved by attaining satisfaction from the
project stakeholders through conducting sustainable practices (e.g., CWM), which require the
collaboration of all parties involved in the construction process. In recent decades, the shift in
the construction industry from the traditional paradigm towards sustainable development has
received close global attention as a result of the significant impact of CW on the environment
and society (Nagapan et al., 2012a). Therefore, it is important to integrate the three pillars of
sustainability throughout the construction projects life cycle, with every stakeholder having a
responsibility for carrying out sustainability practices including CWM (Gan et al., 2015).

2.4.3 Construction waste minimisation approaches
Over the years, different approaches have been established to address waste minimisation
throughout the stages of the construction project. For instance, design-out practices including
proper design and documentation, CW estimation modelling, low waste procurement
management and collaborative design process, were identified as the most common waste
minimisation approaches during the design stage (Alhawamdeh & Lee, 2019). On-site waste
collection, reusing and recycling are considered significant waste minimisation approaches that
are recommended by several authors during the construction stage (Huang et al., 2018; Ng et
al., 2018). For the demolition of structures, Zhang et al. (2012) suggested that deconstruction
or sequential demolition technology are effective approaches during demolition activities which
can salvage large portions of materials for reusing and recycling.
However, this research study is focusing on waste minimisation during the construction stage,
as explained in section 2.3.3. Therefore, there is a real need to undertake a comprehensive
review of common waste minimisation approaches adopted during the construction process.
This is to gain a profound insight into the impact of such methods and highlight any barriers
encountered in their application. Additionally, it will identify research trends and gaps that will
support the critical need for improvement and the potential impact of this stage. The following
subsections categorise common CWM approaches identified in past studies under four main
groups namely: on-site waste minimisation practices, technological approaches, legislation and
behavioural approaches.
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2.4.3.1 On-site waste minimisation practices
On-site waste minimisation practices are very important approaches due to their huge impact.
These practices usually include two types of waste minimisation measures. The first type of
measures are waste management practices which are employed after waste is generated (i.e.,
waste collecting, sorting and reusing). The second type are source reduction measures which
through their effective implementation, enhance the performance of the construction process
and, thus, minimisation occurs in CW generation. Table 2.3 highlights common waste
minimisation practices utilised in construction sites.
Table 2.3: CWM- on-site waste minimisation practises
CWM category

On-site waste
minimisation
practices

Type of practice

Reference

Waste collecting and sorting

Hao et al. (2008), Wang et al.
(2010), Yuan et al. (2011), Lu
and Yuan (2012), Yuan et al.
(2013), Ding et al. (2016).

Waste reuse

Jin et al. (2017), Ajayi et al.
(2017a), Wu et al. (2016),
Huang et al. (2018).

On-site planning and management:
- On-site supervision
- On-site planning and scheduling
- Quality management
- On-site communication
- Maintenance of equipment and machinery

Wang et al. (2008), Hoonakker
et al. (2010), Chin-Keng
(2011), Mäki and Kerosuo
(2015), Udawatta et al. (2015),
Ajayi et al. (2017a, b), Ajayi
and Oyedele (2018b),
Mohideen and Ramachandran
(2014).

On-site material management:
- Material procurement
- Material delivery
- Material storage
- Material handling

Al-Hajj and Hamani (2011),
Madhavi et al. (2013), Patil
and Pataskar (2013),
JerutoKeitany and Richu
(2014), Gulghane and
Khandve (2015), Ding et al.
(2016), Koriom et al. (2019).

Waste collection and sorting are important approaches in on-site waste management as they are
preliminary steps for achieving reuse, recycling and safe waste disposal. On-site collection and
sorting have a large impact on the quantity of recycled and reused waste as the more the wasted
materials are collected and sorted the more waste there is to be recycled and reused (Yuan et
al., 2011). Additionally, reusing and recycling could be largely influenced by how well the
different components of CW are properly segregated (Ding et al., 2016). On-site sorting is often
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adopted to minimise waste disposal. As Lu and Tam (2013) have argued, if CW is unavoidably
generated on construction sites, arranging on-site sorting is advisable for contractors. The
beneﬁts of conducting on-site sorting of CW typically include: reducing the cost of waste
disposal, increasing the rates of reuse and recycling, prolonging the lifespan of landﬁlls
designed for receiving waste, and reducing the pollution resulting from the huge amount of
disposable waste (Hao et al., 2008; Ding et al., 2015; Wang et al., 2010).
Although the sorting procedure of CW can be carried out on-site or by hiring a specialised
company, a number of studies highlighted the benefits of on-site sorting since it requires less
effort, results in better segregation and avoids the transport of refuse to sorting and recycling
facilities (Lu, & Yuan, 2012). Nonetheless, there are number of critical issues constraining onsite collection and sorting including, lack of on-site space, sorting cost (cost of transportation,
equipment, and labour), waste separability and the market for recyclables (Hao et al., 2008;
Wang et al., 2010; Yuan et al., 2013; Ajayi et al., 2015). Additionally, the contractors’ attitude
is regarded as one of the most critical issues, as according to Yuan et al. (2013), project
stakeholders’ attitude and management effort are perceived as being of major importance in onsite collection and sorting practices.
Reuse is also considered one of the important waste minimisation practices on construction
sites. In the general situation, reuse is more desirable than recycling as reusing CW will avoid
the cost of recycling and its associated energy usage (Wu et al., 2016). Reusing and salvaging
waste materials reduces the quantity of disposed waste to landfill, which can be significant in
some projects. This will protect the environment, and reduce further costs for both clients and
contractors through reducing the cost of purchasing new materials, and avoiding the disposal
and transport costs of waste materials (Yuan et al., 2011; Ajayi et al., 2017a, 2014). However,
the practice of reusing CW is still in its infancy and there are key barriers to implementation
such as non-compliance of specifications of the salvaged materials, lack of knowledge and
experience of reusing waste, and lack of awareness of the short- and long-term advantages of
reusing CW (Park & Tucker, 2017; Jin et al., 2017; Huang et al., 2018).
Site supervision is one of the vital on-site management measures that ensures time, safety,
quality and cost effectiveness of construction operations (Ajayi et al., 2017a, b). Site
supervisors are mainly concerned with the planning, organising, monitoring and controlling of
each phase of the construction process. In addition, they ensure communication of instructions
and taking action whenever necessary to deal with identified problems (Wang et al., 2008; Mäki
& Kerosuo, 2015). Therefore, negligence of supervision in construction sites can disrupt the
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effective implementation of construction activities which would increase the chances of waste
generation. However, lack of skills and experience of site supervisors affects the quality of
supervision as according to Alwi et al. (2001), the success of supervision is more likely to be
dependent on the experience rather than merely the number of supervisors involved in a project.
Adequate on-site planning and scheduling is also an essential issue in CWM as efficient
planning of construction activities ensures proper allocation of time, money, material and
human resources (Ajayi, et al., 2017b). This will help avoid errors, minimise wasted resources,
enhance the work performance and increase the productivity of work. Additionally, with
effective construction planning, the consequences of unforeseen situations can be easily
controlled or even avoided (Mäki, & Kerosuo, 2015). However, Udawatta et al. (2015) pointed
out the importance of devoting adequate time for the on-site planning process to achieve
successful outcomes.
Quality management (quality planning, assurance & control) is another on-site measure that
provides a major contribution to CWM. It is a proactive measure to produce high quality work
through eliminating defects at the source which reduces rework and ensures that the quality of
the final work is controlled (Chin-Keng, 2011). This can be achieved by identifying all the
issues that might have an impact on the quality of work including the role of people and the
quality of materials (Hoonakker et al., 2010; Ajayi, & Oyedele, 2018b). Therefore, obtaining
high quality in construction work is heavily reliant on the utilisation of standardised materials,
stakeholders’ behaviour and the proficiency of workmanship (high experience and skills),
which all have a direct effect on waste generation. One significant barrier against quality
implementation in construction projects is that some contractors reduce their costs in order to
obtain new tenders in a competitive bidding process. As a result, they may try to reduce allotted
resources towards safety or quality management in order to maintain a healthy profit margin
for the work (Hoonakker et al., 2010).
Furthermore, researchers have highlighted the importance of collaboration and clear
communication between the different parties involved in the construction process (Hoonakker
et al., 2010). Typically, the construction industry consists of three primary participants: the
customer (i.e., owner of the project), the consultant (i.e., designers & architects), and the general
contractor (including sub-contractors). Even though a common project goal is a shared
completion of the project plan, the participants differ in their objectives of the construction
process. For instance, the typical owner would like their desired project to be completed in the
shortest time possible. The consultant is hired by the owner to provide their service concerning
the design of the project; however, most often their relationship with the contractors is unclear.
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The contractor attempts to complete the project as drawn by the designer seeking the most
efficient way possible in order to increase their profit (Hoonakker et al., 2010).
Therefore, effective collaboration and communication between the different parties involved in
the project will lead to more engagement in CWM by enhancing the work performance,
increasing the productivity, reducing conflicts among parties and reducing post-variations and
rework (Wang et al., 2008; Udawatta et al., 2015). One more typical on-site management
measure is regular maintenance of construction equipment and machinery which can
significantly contribute to CWM. Such a measure helps sustain the continuous and reliable
operation of equipment and machinery in construction sites and, as a result, minimises
equipment downtime, avoids interruptions and rework, increases productivity, improves quality
and reduces the cost (Bashiri et al., 2011; Mohideen, & Ramachandran, 2014). Therefore,
equipment and machinery maintenance are absolutely essential to maintain a trouble-free
working environment and reduce the chance of CW generation.
Finally, researchers have emphasised the significance of on-site material management towards
CWM. This is because ineffective material management is evident in many construction
projects and causes considerable waste of time, money and materials (JerutoKeitany & Richu,
2014). Material management is described as a coordinating function responsible for planning
and controlling materials flow in a construction project (see Figure 2.4). This ensures that the
right quality and quantity of material are appropriately selected, effectively delivered and safely
handled on site in a timely manner and at a proper reasonable cost (Madhavi et al., 2013;
Gulghane & Khandve, 2015). According to Nagapan et al. (2011), the management of procuring
materials is a critical step and needs to be effectively planned and executed to avoid shortages
or surpluses in the materials' inventory in construction sites. While shortages in the supply and
flow of construction materials are often cited as major causes of project delay, productivity
degradation and financial losses (Nagapan et al., 2011), excessive stocks are also subject to
damage, deterioration, theft and vandalism and poor weather conditions (Muhwezi et al., 2012).
Ajayi et al. (2017b) revealed that Just-In-Time delivery affects the maintenance of a consistent
flow of materials for production, thus affecting the time scale of construction activities.
Additionally, improper storage of construction materials can cause material damage and loss
which has a direct impact on CW generation (Najafpoor et al., 2014). Furthermore, Koriom et
al. (2019) emphasised the importance of efficient material handling, as this practice
encompasses all aspects of movements and distribution of raw materials, work in process, or
finished goods on and off construction sites.
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Figure 2.4: A typical material management process in construction projects

Therefore, effective material management in construction projects ensures material safety and
protection, increases work productivity, avoids schedule delays and enhances the overall project
performance. However, Gulghane and Khandve (2015) argued that there is a lack of tools and
techniques currently utilised in construction projects to overcome human error in material
management. Their study suggested that manual material management practice procedures are
unsatisfactory as they are labour intensive, inaccurate and error prone. Moreover, increasing
awareness about the significance of every aspect of material management is almost essential as
it helps trace the origins and causes of any failures (Al-Hajj & Hamani, 2011; Patil & Pataskar,
2013).

2.4.3.2 Technological approaches
Low-waste technologies (LWTs) are not new to the building industry and are considered one
of the important approaches in CWM. Utilising LWTs in the construction process optimises
resource consumption which results in waste minimisation and increased value for a project’s
stakeholders (Jaillon et al., 2009; Zhang et al., 2012). Table 2.4 illustrates common LWTs that
are available to support implementation in construction projects.
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Table 2.4: CWM- technological approaches
CWM category

Technological
approaches

Type of LWTs

Reference

Soft technologies
(i.e., information and communication technologies)

Adriaanse et al. (2010),
Nikakhtar et al. (2015),
Gulghane and Khandve
(2015), Liu et al. (2015),
Martínez-Rojas et al.
(2016), Won and Cheng
(2017).

Hard technologies
(i.e., innovative construction tools and equipment)

Zhang et al. (2012), Tam
et al. (2015), Pan et al.
(2018), Martin and Perry
(2019).

Modern methods of construction (MMC)

Lu and Yuan (2011),
Zhang et al. (2012),
Mesároš and Mandičák
(2015), Rahman (2014),
Tam et al. (2015), Martin
and Perry (2019).

Information and communication technologies, which are sometimes referred to as soft
technologies, aid project managers to improve the processes and work performance during
construction activities, thereby minimising CW generation (Martínez-Rojas et al., 2016). Such
LWTs improve collaboration, coordination and data exchange including data sharing, digital
representation, and storage among the stakeholders involved in the construction process (Zhang
et al., 2012; Martínez-Rojas et al., 2016; Won & Cheng, 2017). For instance, Building
Information Modelling (BIM) is a widely embraced information and communication
technology that is used in architecture, construction and engineering. It contains a wealth of
information, such as material resources and geometry which can be integrated with the project’s
schedule which, in turn, provides improved planning to help ensure Just-In-Time arrival of
materials, equipment and labour (Won & Cheng, 2017). Another example is Radio Frequency
Identification technology (RFID) that is being adequately used on-site to manage construction
materials easier and faster which, in turn, will overcome human error and the potential of CW
generation (Grau et al., 2012; Gulghane & Khandve, 2015).
Hard technologies, such as innovative construction tools and equipment, are becoming more
widely used by contractors in construction sites. Such LWTs contribute to CWM through
increasing the productivity and quality of work, providing a tidier and safer working
environment, improving work performance, and reducing construction process duration and
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costs (Tam et al., 2015; Pan, et al., 2018). One common example is Machinery Sprayed Plaster,
as the main difference between traditional cement mortar and mechanised plaster is that the
former is applied and trowelled smooth by hand, whilst the latter is mixed and applied
mechanically. Therefore, utilising such a tool can provide high productivity of work, low labour
demand, a tidier work space and less waste generation (Tam et al., 2015).
Modern methods of construction (MMC) is another typical approach of LWTs and have a very
broad application in the construction industry, especially in developed countries (Mesároš &
Mandičák, 2015). MMC are construction techniques that incorporate innovative designs and
technological implementations which have a strong capability to minimise CW generation (see
Figure 2.5). This type of LWT ensures an efficient management process, increases the precision
of construction within a shorter time, optimises usage of resources, reduces the environmental
impact and increases construction sustainability (Zhang et al., 2012; Tam et al., 2015; Mesároš
& Mandičák, 2015). For instance, an innovative formwork system such as Prefabricated Steel
Formwork is one of the most commonly used methods in construction activities. It can provide
higher stiffness and is more durable than traditional timber formwork since it can be erected
repetitively as well as maintain a coherent concrete surface. This will aid in reducing the
additional allocation of materials and labour in dealing with step joints and poorly cast surfaces.
In addition, it will increase the precision and quality of the construction component which leads
to reduced possibilities of CW generation. (Tam et al., 2015).

Figure 2.5: Criteria of modern methods of construction (MMC)
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In general, LWTs facilitate quicker construction and produce better quality work leading to a
decrease in waste generation. In addition, there would be cost savings if construction materials
can be reused or if mass production is required (Jaillon et al., 2009; Tam et al., 2015). However,
there are limitations and barriers with regard to the implementation of LWTs such as: higher
LWT’s appliance design and investment costs, market limitations, limited fabrication facilities,
unstandardised construction materials, lack of qualified equipment operators, lack of
knowledge and familiarity with the LWTs and their implementation, insufficient government
support and, finally, the culture of the construction industry as some contractors tend to use
more familiar conventional methods (Jaillon et al., 2009; Zhang et al., 2012; Rahman, 2014;
Abarca-Guerrero et al., 2017). Additionally, LWTs occasionally do not meet the general
functional requirements as set for the construction project due to their incompatibility with the
project’s nature (Jaillon et al., 2009). Furthermore, there is often negative behaviour towards
the implementation of LWTs, as construction costs remain the most governing issue for project
stakeholders when choosing a construction method (Abarca-Guerrero et al., 2017).

2.4.3.3 Legislation
Government regulations and policies play a critical role in CWM by developing and fostering
the regulatory environment. However, CWM legislation can exert a different level of influence:
some are compulsory and some are total or partial voluntary. Table 2.5 highlights the common
polices and regulations issued to support CWM.
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Table 2.5: CWM- regulatory measures
CWM category

Legislation

Type of regulation

Reference

Landfill disposal charges

Lu and Tam (2013), Ann et
al. (2013), Poon et al. (2013),
J. Li et al. (2018b), Hao et al.
(2019), Li et al. (2020).

Illegal dumping penalties and supervision

Lu and Tam (2013),
European Commission
(2016), Rahim et al. (2017),
Wee et al. (2017), J. Li et al.
(2018b).

Waste management schemes

Tam (2008), Solís-Guzmán et
al. (2009), Zaman and
Lehmann (2011), European
Commission (2016),
Yukalang et al. (2017),
DEFRA (2020).

Sustainable development strategies

Augenbroe et al. (1998),
Warnock (2006), European
Commission (2012, 2014),
Yukalang et al. (2017).

Over the past years, local governments have been paying increased attention to the promotion
of CWM through establishing and further reinforcing landfill charges. It is considered as one
of the most typical legislative measures implemented by many local governments worldwide,
due to the increasing amount of CW being disposed to landfill sites (Lu & Tam, 2013). Landfill
charges play a critical role in promoting economic incentives for contractors to minimise waste,
as well as encourage reuse and recycling as cost savings prevail as the primary motivating factor
(Yuan et al., 2011; Hao et al., 2019). For instance, a landfill tax came into force in the UK in
1996 and has encouraged recycling and recovery and this is now, in many cases, cheaper than
sending CW to landfill (European Commission, 2016). In Hong Kong, a significant
minimisation of CW was achieved in the first three years (2006–2008) of the CW Disposal
Charging Scheme (CWDCS) implementation (Ann et al., 2013).
However, landfill charges have not always exerted a strong influence towards motivating
project stakeholders to minimise CW, as in many cases waste is being disposed of with little or
no attempt at early recovery (J. Li et al., 2018b). The most likely reason is that some project
stakeholders are reluctant performers with a laissez-faire attitude to CWM as according to Ann
et al. (2013), lack of involvement in CWM results from sub-contractors being reluctant to
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change. Li et al. (2020) revealed that there is a negative correlation between stakeholders’
perceptions of cost reduction and their willingness to pay for CW collection, sorting and
recycling. Another reason is that sometimes project managers would rather pay the charges of
CW disposal than invest time and money in CWM, because the former is perceived as being
much cheaper (J. Li et al., 2018b; Li et al., 2020). Confirming this, a study by Poon et al. (2013)
revealed that at times the cost of landfill charges is not high enough to raise the awareness about
waste minimisation on construction sites. Moreover, some contractors tend to increase their
tender prices in order to absorb the extra cost for landfill charges (Ann et al., 2013).
Monitoring CW disposal and imposing penalties for illegal dumping is another key legislative
measure toward controlling CW generation. Imposing financial penalties significantly
promotes economic incentives for project stakeholders towards minimising CW (Yuan et al.,
2011). Many local governments are establishing strict measures for monitoring CW disposal
further reinforcing their existing ones to discourage illegal dumping of CW. For instance, in
the UK, local councils and environmental regulatory bodies have a responsibility towards
controlling the illegal disposal of waste. They carry out a huge a number of inspections of waste
sites and have issued guidance for environmental offences. However, in the year 2013/2014
there were almost 18% of open dumping incidents from construction and demolition waste in
the UK which indicated that further attention and effort should be placed on such issues
(European Commission, 2016).
Local governments worldwide are continuing to examine effective monitoring measures and
enforce strict punishment to prevent the practice of illegal dumping of CW (Lu & Tam, 2013;
Rahim et al., 2017). However, implementation efforts are challenged by some difficulties
including limited financing, low staff technical capacity and ambiguity in the policies’
guidelines (Wee et al., 2017; World bank, 2018). Additionally, both strict regulations and looser
regulations can lead to illegal dumping practices (J. Li et al., 2018b). For instance, higher
landfill charges may trigger objections or uncooperative behaviour, such as illegal dumping,
from related construction stakeholders because this policy will affect their financial interests.
On the other hand, charge levels which are too low will not provide sufficient motivation for
construction stakeholders to minimise CW.
Waste management schemes have been developed by many local governments worldwide as
they are ultimately responsible for any related waste management strategies and waste
prevention plans. Additionally, some of these plans provide specific targets to be met for waste
reduction, reuse and recycling. For instance, Waste Management Plans (WMP) have been
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developed by UK governmental bodies within England, Scotland, Wales and Northern Ireland,
which are responsible for any related waste management issues (European Commission, 2016).
One of the targets of WMP is for the UK to recover at least 70% of non-hazardous construction
and demolition waste by 2020, which it is currently meeting (DEFRA, 2020). In 2019, the
Ministry of Ecology and Environment decided to address the issue of enormous amount of solid
waste generation in Chinese cities by introducing the concept of a ‘zero waste city’ (Lu, 2020).
This concept includes 100% recycling of solid waste and 100% recovery of all resources from
waste materials. In the UAE, the Centre of Waste Management, Tadweer, has been established
by the government of Abu Dhabi in 2008. It is responsible for the implementation of solid waste
management policies and strategies across the Emirate. In the first half of 2019 Tadweer has
managed to collect 1.2 million tonnes of solid waste (including CW), and this was a relatively
large figure considering the country’s size and population (Gulf news, 2019).
Furthermore, several governments initiated sustainable development strategies to coordinate
participatory processes of thought and action in order to achieve economic, environmental and
social SC objectives in a balanced and integrative manner. For instance, the “Construction 2020
Strategy” has been established in the EU in order to support the construction sector in its
adaptation to key upcoming challenges, as well as to promote sustainable competitiveness in
the sector. One of its main objectives is to improve resource efficiency, protect the environment
and improve business opportunities (European Commission, 2012, 2014). Another example is
the USA where a number of national sustainability initiatives have been established such as
“Buildings for the 21st Century” and “Resource conservation strategies”, in order to create a
new generation of buildings that are energy efficient, high quality, affordable and
environmentally sustainable. These strategies hold tremendous potential and have attained
successful outcomes over the past years (Augenbroe et al., 1998; EPA, 2016). In 2016, Dubai
launched the Dubai 3D Printing Strategy which adopted an emerging technology to help
produce SC. This initiative has a vision to transform the Emirate as a ‘leading hub of 3D
printing technology’ by 2030 and dictates that 25% of the buildings in the Emirate will be
constructed using the technology by that year. The first project that was in line with such a
strategy was “Apis Cor” which was completed in 2019 and the significant benefit from such
project is to achieve increased efficiency including time, cost and waste reduction (Arabian
Industry, 2020).
Nonetheless, not all of the waste management schemes and sustainability strategies were
successful, as the impact on minimising CW (i.e., diverting from landfill, minimising resources
consumption and reducing illegal dumping) was often minimal. For instance, DEFRA repealed
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the Site Waste Management Plans (SWMP) policy in 2013 after five years of implementation
due to its inefficiency (European Commission, 2016). Additionally, in New Zealand, the
“Building Act” and the “Resource Management Act” made few concessions to environmental
sustainability (Warnock, 2006). A number of key issues were identified to constrain the full
successful implementation of such schemes and strategies, including insufficient infrastructure,
weak strategic planning, lack of interest and engagement with programs, staff capacity,
information systems and strategies' system vagueness (Zaman & Lehmann 2011; Yukalang et
al., 2017). Additionally, many construction organisations only seek to invest in waste
minimisation to be legally compliant and, therefore, produce minimum performance outcomes
(Simpson, 2012).

2.4.3.4 Behavioural approaches
As previously explained in section 2.3.3.1, the role of human factors has gained more attention
from researchers in recent years. This is because behaviour is critical to the successful
attainment of desired CWM outcomes. Hence, several behavioural approaches have been
addressed to minimise waste in the construction industry. Table 2.6 demonstrates the common
behavioural approaches.
Table 2.6: CWM- behavioural approaches
CWM category

Type of approach

Reference

Training and education of:
- CW causes and minimisation techniques
- Environmental impacts and cost reduction

Wang et al. (2008),
Begum et al. (2009), AlHajj and Hamani (2011),
Al-Sari et al. (2012), Ling
and Nguyen (2013),
Bakshan et al. (2017), J.
Li et al. (2018a).

A Reward scheme motivation

Kulatunga et al. (2006),
Tam and Tam (2008),
Mills et al. (2012), Yuan
(2013), Mahpour and
Mortaheb (2018).

Waste management support

Rodriguez‐Melo and
Mansouri (2011), Tan et
al. (2011), Akadiri and
Fadiya (2013), Nagapan
et al. (2012a), Bakshan et
al. (2015).

Behavioural
approaches
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The awareness of CW causes and minimisation techniques are significant issues in tackling
CWM behaviour, and it can be addressed by providing adequate relevant training and education
(J. Li et al., 2018a). Training on source-reduction procedures, reuse of materials and the
underlying factors that can generate CW, can highly improve the level of knowledge and skills
of CWM among contractors which in turn, would effectively improve CWM growth and
performance (Al-Hajj & Hamani, 2011; Yuan, 2013; Abarca-Guerrero et al., 2017). Indeed,
Luangcharoenrat et al. (2019) noted that poor implementation of CWM due to lack of
experience and skills in assigned tasks, will cause rework and repairs. Further, increasing
awareness of financial incentives (cost saving) is seen to be a most influential method of
motivating stakeholders in taking effective action to minimise CW, as project stakeholders are
mostly concerned with cost saving objectives (Udawatta et al., 2015; Bakshan et al., 2017).
Moreover, environmental awareness which is a qualitative variable that inﬂuences the
willingness of various construction stakeholders to minimise waste, can also be raised by
highlighting the importance of CWM through providing relevant education (Wang et al., 2008;
Al-Sari et al., 2012; Yuan, 2013).
A number of training schemes have been initiated by governmental bodies as well as and private
organisations with the aim of enhancing awareness in the construction industry towards
sustainable development. For instance, ISWA has made a key contribution in knowledge buildup, action and awareness raising in waste minimisation and recycling (ISWA, 2017). In the UK,
a number of institutions such as WRAP, CIRIA and the Building Research Establishment
(BRE), have been promoting SC through guiding the construction industry towards waste
minimisation with the support of their workshops, publications, best practice examples and
guidance. It was evident that such institutions have helped businesses and individuals to develop
sustainable practice and use resources in an efficient way (Akadiri & Fadiya, 2013). For
instance, BRE has established the ‘Site Sustainability Manager Training scheme’, which
provides training and education that will equip site managers with the required knowledge for
delivering the most sustainable development. Such scheme ensures that a construction site will
not only be managed in an environmentally efficient manner but also gives the client and the
site management team confidence that the project’s design requirements are achieved.
However, despite the importance of education and training about CW issues, there is still a
significant absence of the provision of such training by decision makers in the construction
industry, especially in developing countries (Ling, & Nguyen, 2013; Mahdi, & Ali, 2019;
Mahamid, 2020). The reason behind this can be mainly attributed to a lack of motivation and
reluctance to change which are seen as key barriers constraining the implementation of such an
45

approach (Ling & Nguyen, 2013). Additionally, there is a general lack of management support
in investment of time and money for providing the necessary training and educational courses
about CWM (Al-Hajj & Hamani, 2011; Lu et al., 2015).
A reward scheme is an effective performance-dependent approach that can motivate
construction stakeholders, including both organisations and employees, to change their
behaviour and increase their participation in waste minimisation (Osmani et al., 2008; Liu et
al., 2019). Several reward schemes, which can be a financial reward or non-financial
recognition, have been established by many governmental bodies and non-profit institutions for
the promotion of SC. For instance, the Building Research Establishment Environmental
Assessment Method (BREEAM) was established in 1990 in the UK and is the world's longest
established method of assessing, rating and certifying the sustainability of buildings, including
energy use and material waste. In more than 50 countries across the world, around 550,000
projects have been BREEAM-certified and over 2,250,000 projects are registered for
certification

(Giles,

2017).

In

addition,

the

KSA

Award

for

Environmental

Management (KSAAEM) was established in Saudi Arabia in 2015. It is a financial award as
well as an honorary recognition of outstanding achievements in environment and sustainable
development. So far, it has been awarded to many individuals and organizations in recognition
of their substantial contributions to the environment (Ksaaem, 2018).
Within the construction industry, an organisational strategy of rewarding construction
employees is foreseen to raise their willingness and motivation to be more engaged in CWM
activities (Kulatunga et al., 2006; Wang et al., 2014). Conversely, negative behaviour towards
CWM might exist among some employees, particularly construction operatives, thinking that
it is not worthwhile unless it is tied to personal financial benefits (Yuan, 2013). The reward
scheme can be in the form of bonuses, merit-related salary reviews, and recognition of
individual/ team excellence rather than the length/ duration of service. For instance, the
Stepwise Incentive System (SIS) scheme is used to measure the cost saved in purchasing
materials and controlling CW generation (Tam & Tam, 2008). The key importance of such a
scheme is that it exploits employees' awareness of CWM by rewarding staff involved in projects
who are producing lower CW levels. Tam and Tam’s (2008) study showed that the effectiveness
of SIS can result in CW being reduced by up to 23%.
It is noteworthy that incentive-based (e.g., rewards) and penalty-based (e.g., fines & charges)
approaches are both important measures affecting CWM behaviour. However, a study
conducted by Mahpour and Mortaheb (2018) provided evidence for the preference of
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incentivising over penalising construction employees in order to increase their motivation for
minimising CW.
Finally, waste management support refers to schemes which are provided to construction
stakeholders in order for them to obtain financial and environmental benefits from their
projects. A number of non-profit organisations are supporting the construction industry through
the provision of guidance, solutions and services that facilitate better waste management. For
instance, in 2011, WRAP managed to help more than 600 construction companies succeed in
halving their waste to landfill, which in turn, positively influenced construction to the value of
more than 38 billion pounds (WRAP, 2011). In the USA, the Building Materials Reuse
Association (BMRA) is a non-proﬁt organisation which provides guidance and services to
facilitate the reuse of used or surplus building materials through an online directory website
(EPA, 2019). It can be noted that both reward schemes and waste management support schemes
are significant in terms of their resulting benefits in CWM. However, several barriers may stand
in the way for such behavioural approaches such as: lack of interest of project stakeholders;
employee belief that waste generation is outside of their control; it is not a cost-effective
practice; it takes more time to undertake; and focus should be on delivering quality construction
(while ignoring the issue of waste minimisation) (Jaillon et al., 2009; Ajayi et al., 2015, 2016;
Jin et al., 2017; Wu et al., 2017). Additionally, the absence of a rewarding system can exist
(within organisations) when project managers do not perceive any short-term benefit from
CWM, as sometimes the financial returns gained from minimising CW are too small (Wang et
al., 2014).

2.4.3.5 A summary of construction waste minimisation approaches
From the discussions presented in sections 2.4.3.1 through to 2.4.3.4, the common CWM
approaches and the key barriers affecting their implementation level are summarised in Table
2.7.
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Table 2.7: A summary of the common CWM approaches and their key barriers
CWM approach

Barrier

Reference

Waste collecting and
sorting

-

Lack of on-site space
Increased sorting cost
Poor waste separability
Poor market for recyclables
Poor attitude and management effort of contractors

Hao et al. (2008), Wang et
al. (2010), Yuan et al.
(2013), Ajayi et al. (2015).

Waste reuse

-

Non-compliance of specifications,
Lack of knowledge and experience of reusing waste

Park and Tucker (2017), Jin
et al. (2017), Huang et al.
(2018).

-

Lack of skills and experience of site supervisors
Insufficient time and money allocation for the on-site planning and
quality management processes
Poor material quality
lack of experience and skills
Lack of interest from project stakeholders

Alwi et al. (2001), Udawatta
et al. (2015), Hoonakker et
al. (2010), Ajayi and
Oyedele (2018b).

Lack of tools and techniques for managing construction materials
Lack of awareness about the causes of failures in construction
material management

Al-Hajj and Hamani (2011),
Patil and Pataskar (2013),
Jaillon et al. (2009), Zhang
et al. (2012), Rahman
(2014), Abarca-Guerrero et
al. (2017).

-

Higher LWTs appliance design and investment cost
Market limitations
Limited fabrication facilities
Lack of knowledge and familiarity with the LWTs and their
implementations
Insufficient government support
The governing culture of the construction industry
Incompatibility with the requirements of the construction project
Negative behaviour towards the acceptance of LWTs

Landfill disposal
charges

-

Reluctance to change
Low disposal charges
Increasing tender prices for absorbing the cost of landfill charges

Ann et al. (2013), Poon et
al. (2013), J. Li et al.
(2018b), Li et al. (2020).

Illegal dumping
penalties and
supervision

-

Limited government financing,
Low staff technical capacity
Ambiguity in the policies’ guidelines
Lack of moderation in policies

Wee et al. (2017), J. Li et
al., (2018b).

Waste management
schemes and
sustainable
development
strategies

-

Insufficient infrastructure
Weak strategic planning
Lack of interest and engagement with programs
Minimum legal compliance
Poor staff capacity managing the schemes
Poor information systems
Strategies' system vagueness

Zaman and Lehmann
(2011), Simpson (2012)
Yukalang et al. (2017).

Training and
education

-

Lack of motivation
Reluctance to change,
Lack of management support

Al-Hajj and Hamani (2011),
Ling, and Nguyen (2013),
Lu et al. (2015).

-

Lack of interest of project stakeholders
Belief that CW is inevitable
Belief that CWM is not cost and time effective
Interest in delivering quality over CWM
Absence of a rewarding system, especially when the financial returns
from CWM are perceived as small

Jaillon et al. (2009), Wang
et al. (2014), Ajayi et al.
(2016), Jin et al. (2017), Wu
et al. (2017).

On-site planning and
management:
`

On-site material
management:

-

LWTs

Reward scheme and
waste minimisation
good practices

Lack of awareness of the short- and long-term advantages reusing waste.
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Gulghane and Khandve (2015).

2.5 Construction waste in Jordan
The Hashemite Kingdom of Jordan is a relatively-small country in western Asia (see Figure
2.6), with an area of 88,780 km2 and a population of 10 million (World Development Indicators
[WDI], 2019a,b). It has one of the smallest economies in the Middle-East region. A number of
key sectors contribute to the Jordanian GDP, such as manufacturing, transport, tourism,
hospitality and the construction sector, with the latter being one of the most critical components
of Jordan’s economy (The Economic Policy Council, 2016). The Jordanian construction
industry is ever growing with the highest annual growth rates (16%) after agriculture. In
addition, Jordan’s construction sector is one of the largest employers in the economy; during
the period (2015-2018) it was the 6th largest employer in Jordan (Department of Statistics,
2020).

Figure 2.6: Map of Jordan (maphill maps)

Jordan’s construction industry can be categorised into two main categories, namely, small and
medium size companies and large size companies (Al-Rifai & Amoudi, 2016). The first type of
company is usually managed by one person, is mostly a family business and their main interest
is to obtain maximum profit from the investment within a shorter time period. Most often, this
type of company plays the role of client and contractor and sometimes that of the designer, with
little or no concern about the issue of CW. Companies falling under the second type of category
are usually multimillion-dollar investments, where the management is primarily concerned with
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cost and quality objectives. Accordingly, the lack of interest from construction stakeholders in
addition to the rapid development in the construction sector, has resulted in the fast growth of
CW generation in Jordan.
Despite undertaking an extensive review of the CW literature, it was observed there is a lack of
statistics and data provided by both private and governmental bodies in Jordan concerning the
quantity of CW generation. However, according to a number of previous studies targeting the
CW subject in Jordan (Batayneh et al., 2007; Bekr, 2014; Alshboul & Abu Ghazaleh, 2014; El
Hanandeh, 2015; Al-Rifai & Amoudi, 2016), and based on the extensive working experience
of the researcher in the Jordanian construction industry, it was noted that CW is a colossal
problem and the amount of CW generation is ever increasing. According to GIZ (2014), around
2.6 million m^3/year of CW is produced in the capital Amman. Inevitably, this figure is
relatively small compared to other economies, but relative to Jordan’s size and economic
situation, it is significant. Further, a study conducted by Batayneh et al. (2007) indicated that
90% of the total waste generated in construction sites is disposed with little or no attempt for
recovery.
Various causes contribute to waste generation in Jordanian construction projects. However, few
studies have investigated this issue. Al-Rifai and Amoudi (2016) conducted a qualitative survey
investigating the main causes contributing to CW in Jordanian projects; they categorised these
causes into two main groups: management related and workforce related. With regard to the
first category, they revealed that a lack of quality management in construction processes can
result in high waste generation. As for the second category, the lack of skilled workers and
workforce errors contributes to a huge amount of CW generation. Batayneh et al. (2007)
revealed that post-variation orders as well as damages resulting from the mishandling of
materials and weather conditions, are both common causes of waste generation in the Jordanian
construction industry. Additionally, their study suggested that the modernisation of buildings
in Jordan and/or partial demolition for their maintenance, generate a large amount of CW.
Further, Bekr (2014) investigated 60 possible causes of CW through a quantitative survey which
included clients, contractors and consultants. The results indicated that frequent design changes
from clients; poor documentation of contracts; rework due to workers mistakes; poor storage
of materials; and poor strategy of waste minimisation ranked as the most significant causes of
waste in Jordanian construction sites. The behavioural of construction stakeholders also plays
a vital role in CW generation as there is a general lack of interest, from construction clients and
contractors, towards CWM in Jordan, and this especially applies to small and medium
construction companies as their main interest is to maximise profits (Al-Rifai & Amoudi, 2016).
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2.5.1 The need for construction waste minimisation in Jordan
There is a growing concern about SC from both the government and project stakeholders in
Jordan. Enhancing environmental management has become a pressing issue due to the scarcity
of resources and a subsequent unsteady energy supply: two serious challenges facing Jordan
today (Royal Scientific Society of Jordan, 2013). Jordan is a small country with poor resources;
it imports 97% of its energy needs (The Ministry of Energy & Mineral Resources, 2017), and
is ranked as the fifth most water-scarce country in the world (WRI, 2020). Therefore, the issue
of CW arises at a time when the built environment is failing to meet the increasing demands on
limited resources and the inefficient use of them (Royal Scientific Society of Jordan, 2013). In
this regard, CWM can be a pillar of progress by committing construction projects to
responsibility towards the environment and to the efficient use of resources over their life cycle.
The increase in pollution resulting from CW is another significant problem in Jordan. This is
because waste disposal is the preferred waste management method in most construction
projects, as according to Batayneh et al. (2007), 90% of the total generated CW is disposed of
in landfills. The Waste Atlas Partnership (2014) highlighted that Jordan has two large landfill
sites, which are ranked among the ‘World’s 50 Biggest Dumpsites’, posing a serious threat to
human health and the environment. Further, open dumping and burning of CW are commonly
pursued illegal disposal practices which continues to be an on-going problem in Jordan (UNEP,
2015a; Aldayyat et al., 2019). Such practices are approaching significant epidemic proportions,
resulting in foul odours and air and water pollution, which are dangerously affecting the
surroundings.
Waste is also a key reason for cost overruns in the Jordanian construction industry, as the
percentage of wastage materials (by value) accounts for 15 - 21% (Bekr, 2014). This is because
building material prices are very high given Jordan’s limited and costly supply of natural
resources, and the ever-increasing price of importing raw materials from neighbouring
countries (Royal Scientific Society of Jordan, 2013; Bekr, 2014). For instance, the escalating
price of imported fossil energy in Jordan amounts to 4.6 billion JOD per year (Ministry of
Energy and Mineral Resources, 2017), with the construction industry being a major contributor
to national energy consumption levels (Tewfik & Ali, 2014; El Hanandeh, 2015). Such an issue
has also placed a heavy financial load on government spending including investing in energy
production, refining, transport and distribution; this is especially significant given the poor
economy of Jordan (Ali & Al Nsairat, 2009; Department for International Development
[DFID], 2016). In 2017, the public private partnership investment in energy was estimated at
around 2.7 billion dollars which is around 1.95 billion JOD (WDI, 2017). Furthermore, the
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environmental degradation cost is a major burden for the Jordanian government, as each year,
large amounts of money are spent dealing with environmental problems. This includes waste
production, illegal dumping and energy CO2 emissions. In 2006, the environmental degradation
cost was estimated to be around 393 million JOD, which is a significant figure in relation to
Jordan’s GDP (GIZ, 2014).
Following the Arab Spring in 2011, regional instability and the Syrian conflict have had a major
impact on Jordan. The border closure with Syria has disrupted transit routes of regional trading
resulting in significant shortage of some imports and as a consequence, increased prices of
various products (SNAP, 2014). A study by Bekr (2014) showed that for the period 2010 to
2012 the price of almost every variety of construction material increased by 11.5% to 15.2%.
Additionally, attacks on pipelines in Egypt have disrupted the supply of fuel to Jordan, which
the country has obtained since 2002 at below market rates due to a diplomatic agreement
between both countries. The attacks forced Jordan to purchase oil at international market prices
which has led to a huge jump in local energy consumption costs (Luck, 2016).
Accordingly, the promotion of SC practices, including waste minimisation, contributes to a
lower and more efficient use of energy, water and other resources, as well as a reduced
environmental impact. Additionally, CWM can largely contribute to cost savings in
construction projects which, in turn, will enhance the economic performance of the Jordanian
construction industry. Therefore, there is a need for waste minimisation which would strongly
support the necessity for carrying out this research in order to attain SC (Royal Scientific
Society of Jordan, 2013; Bekr, 2014; GIZ, 2014; Tewfik & Ali, 2014; El Hanandeh, 2015;
UNEP, 2015a; Aldayyat et al., 2019). The next section provides an overview of current waste
minimisation practices in Jordan. This is to investigate their implementation levels and barriers,
and to identify research gaps for attaining effective CWM.

2.5.2 The current uptake of construction waste minimisation in Jordan
Generally, the construction industry in Jordan is still suffering from insufficient sustainability
practices characterised by poor production, sub-standard performance and a wasteful culture
(Tewfik & Ali, 2014; Aldayyat et al., 2019). The participation of Jordanian construction
stakeholders in waste minimisation is still limited and very modestly explored. Additionally,
there is a lack of a comprehensive waste management plan and/or regulatory framework that
provides an effective system for collection, recycling, treatment and safe disposal of solid waste
in Jordan (GIZ, 2014). In the past two decades, there has been a number of initiatives from both
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the construction industry and governmental bodies towards the promotion of SC and green
building practices in Jordan. This was as a result of increasing demands on scarce resources and
the poor economic situation of Jordan (explained in section 2.5.1). Such initiatives also arose
as a response to the dramatic shift towards modern building systems in Jordan to cope with the
modernised style of living (Ali & Al Nsairat, 2009; Hanandeh, 2015).
The National Solid Waste Management Strategy (2015-2034) was established in Jordan in
2015. It aims at shifting from an old, inefficient, costly and environmentally unsustainable solid
waste management system towards a modern and integrated one, based on the 3Rs approach.
Such a strategy promotes recycling practices through the establishment of pilot separate
collection systems for recyclables, formulating relevant technical regulations and legislative
frameworks required and enhancing public awareness through educational programs (European
Commission, 2017). However, the vast majority of solid waste management activities in Jordan
are considered pilot projects, and small-scale interventions, as the recycling of solid waste
remains untapped accounting for only 6 % - 10% (GIZ, 2014). This is due to three reasons. The
first is the poor, insufficient government-run strategy for promoting solid waste management
practices, as the majority of existing recycling and waste collection activities are informal and
are limited to private corporations as well as individuals (GIZ, 2014; Aldayyat et al., 2019). For
instance, steel and metal waste are collected and sold as scrap at 20% of their original purchase
price (Al-Rifai & Amoudi, 2016). On the other hand, formal waste collection activities are only
carried out at the dumpsite level by private companies (hired by the authorities) which are
mainly concerned about the market prices, in terms of collecting and sorting the various
recyclable materials (UNEP, 2015c, Aldayyat et al., 2019).
The second issue is the current solid waste management legislative framework which reports
several gaps and deficiencies. This includes the lack of ability to establish a sustainable
materials recovery system which needs to be evaluated and adjusted to the context of reaching
the goals of Jordan’s ‘National Solid Waste Management Strategy’ (Aldayyat et al., 2019).
Additionally, there is poor capability in the local municipalities in providing adequate services
for waste collection and disposal (UNDP, 2015c).
Finally, the third reason is that the awareness of, and willingness for, waste reuse and recycling
in the local community as well as in organisations (including the construction sector) in Jordan
is still poor with a minimum of initiatives prevalent to support its widespread implementation
(GIZ, 2014; UNEP, 2015a, c; European Commission, 2017). The government has the
responsibility to educate the public on how to manage solid waste, pointing out its importance
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through more effective approaches, as they are most likely to positively change behaviour of
Jordanians but have yet to do so.
In the past few years, the concept of “green building” has become widely known in the
construction industry in Jordan. It is used to refer to buildings characterised by increased energy
efficiency, reduced water and material consumption, and the improvement of health and the
environment (Royal Scientific Society of Jordan, 2013; Tewfik & Ali, 2014). Green building
concepts can be applied to projects under construction as well as to completed ones through
retrofitting. In 2013, the “Jordan Green Building Guide” was issued by the Jordan National
Building Council with references from international leading sustainability rating systems such
as LEED, BREEAM, and Green Globes (Tewfik & Ali, 2014; Matarneh, 2017). It involves
comprehensive technical standards and criteria divided into seven chapters namely: green
building management, site sustainability, water efficiency requirements, energy efficiency
requirements, healthy indoors environment, materials, and resources. Following this, an
incentive program for the adoption of green buildings was launched in 2015 based on the Jordan
Green Building Guide rating system. Buildings that adopt such a rating system will be entitled
to an increase in the ‘Floor Area Ratio’. A number of key green buildings exist in the capital
Amman, such as the King Hussein Business Park, the World Health Organisation Regional
Office Building and The Middle East Insurance Company. However, green building practices
are still not widely implemented in Jordan's construction projects as the number of buildings
that are certified by Jordan's green building rating system and/ or other rating systems, are very
few. The most likely reason is that all the green building guidelines in Jordan are attached to a
voluntary rating system and are lacking compulsory requirements (Matarneh, 2017).
Additionally, there is a lack of interest from many clients and contractors who hold poor
perceptions toward the economic viability and the environmental benefits from the adoption of
green building practices. Most of the construction projects in Jordan are considered small to
medium-size projects, with the majority being commercial residential buildings (apartment
buildings), and therefore, the main interest in such projects is maximising profit (Al-Rifai &
Amoudi, 2016).
With regards to policies and regulations, there is a lack of specific regulations and/ or
instructions for local municipalities to control CW in Jordan. Nonetheless, they are required to
regulate, monitor and enforce solid waste management, including construction and demolition
waste. This mandate is generally stipulated in several policies and regulations issued by a
number of governmental bodies listed in Table 2.8. For every project within a municipality’s
territory, whether it involves excavation (i.e., the commencement of a project) or renovation, a
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permit needs to be granted against security for the proper handling and disposal of construction
and demolition waste in designated disposal sites. However, considerable quantities of
construction and demolition waste still end up being dumped illegally (GIZ, 2014).
Table 2.8: Policies and regulations addressing solid waste management in Jordan
Policies and regulations

Objective

Issuing authority

Environmental Protection
Law No. 52/2006

“Sets the direct responsibilities for the
Ministry of Environment and sets overarching
principles for environmental protection”

Ministry of
Environment

Solid Waste Management
Regulation No. 27/2005

“Sets general requirements in terms of
manpower, equipment, monitoring, container
management, separation of hazardous wastes,
documentation, and final treatment or disposal
control”

Ministry of
Environment

Municipalities
No. 1/1978

“Sets the different types of nuisances and
municipal control measures, including the
municipal responsibilities for waste collection,
transport, treatment, and disposal, and the
attached fee system”

Municipalities

“Sets permit requirements for excavations and
renovations, to control C&D waste illegal
dumping”

The Ministry of
Municipal Affairs

“Sets municipal responsibilities including
municipal cleaning, waste collection, and
disposal”

The Ministry of
Municipal Affairs

Buildings and Zoning
Regulation No. 67/1979

Municipalities Law
No. 13/2011

In conclusion, from the author’s experience in the construction industry and based on existing
studies discussed throughout section 2.5, it is evident that the current situation of CWM is very
poor in Jordan. The above discussions reveal gaps in CW legislations; the participation of
construction stakeholders in waste minimisation; the lack of provision of a comprehensive
waste management plan; the capabilities of municipalities in controlling CW; and public
awareness. These all contribute to the overall inefficiencies of poor CWM in Jordan. Moreover,
scant studies are available which have investigated the behavioural cause of CW in the
Jordanian construction industry and, therefore, there is a need for this research.
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2.6 Conclusion
The aim of this chapter was to provide a background to CW and to demonstrate the principles
of, and the need for, its minimisation. Furthermore, the current uptake of CWM has been
discussed in many developed countries as to garner best practice and challenges in CWM for
potential application in the Jordanian construction industry. Accordingly, a number of key
issues have been identified.
First, solid materials waste was identified as most critical due to its impact on the three pillars
of sustainability at the project, as well as, the national level. (see Section 2.4.2). Second, the
construction stage was identified as the most critical stage in terms of CWM. This is because
effective implementation of on-site practices can minimise any waste that originates directly
from the construction stage and indirectly from the design stage. Additionally, waste generation
can be avoided and reduced at the origin during the construction stage, whereas demolition
waste is often considered as non-avoidable waste (see section 2.3.3). Third, human factors were
identified as a major part in waste generation and minimisation in construction projects, as
common causes of CW are directly or indirectly affected by the behaviour of the personnel
involved in the construction industry (see section 2.3.3.1). Fourth, CW has increasingly become
a pressing issue in Jordan due to the scarcity of resources, subsequent, unsteady energy supply
and the poor economic situation in Jordan with CW considered a financial burden on
government spending (see section 2.5.1). Fifth, it was noted that the construction industry in
Jordan is still suffering from insufficient sustainability practices, characterised by poor
production, sub-standard performance and a wasteful culture. It has also been predicted that the
absence of efficient waste management plans will become increasingly problematic for Jordan
(see sections 2.5.2). Sixth, the current status CWM in Jordan is very limited and modestly
explored. More important, there are few studies currently available in Jordan regarding CWM
behaviour (see sections 2.5.1 & 2.5.2). The following chapter will investigate CWM behaviour
and behavioural adoption theories and frameworks, in order to demystify and understand the
factors affecting such a behaviour, particularly amongst contractors, to improve the prevailing
situation.
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Chapter 3
Construction Waste Minimisation Behaviour
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3.1 Chapter overview
Having defined the problem and justified the need for this research in Chapter 1, Chapter 2
identified the need to address behavioural approaches that support waste minimisation in the
construction industry. This led to a need for a wider focus on understanding how behaviour in
the construction industry, particularly by contractors, impacts upon CWM. This chapter reviews
extant behaviour adoption theories and frameworks that could be used to identify and
understand the factors influencing contractors’ behaviour towards CWM. The analysis and
application of these theories and frameworks are reviewed and, additionally, the ineptness and
practical limitations in their explanatory power is made profoundly clear. Thus, the gap left by
previous research efforts is affirmed and utilized to build a theoretical base for this study in
order to address the unique nature of this research investigation.

3.2 Stakeholders’ behaviour towards construction waste minimisation
The terms “attitude” and “behaviour” are sometimes used synonymously in the literature (e.g.,
Kulatunga et al., 2006; Begum et al., 2009; Al-Sari et al., 2012). However, some studies have
identified clear differences between the two, separating attitude from behaviour, and referring
to attitude as a factor that affects CWM behaviour (e.g., Wu et al., 2017; J. Li et al., 2018; Liu
et al., 2019). Thus, it is important to clarify the difference between these terms as, in the context
of this research, behaviour refers to the computed response of the individual to various stimuli
or inputs, whether internal (self-concept) or external (surrounding environment), conscious or
subconscious, overt or covert, and voluntary or involuntary (Elizabeth & Lynn, 2014). Put
simply, it is the actions and mannerisms made by the individual in conjunction with themselves
or their environment, in relation to CWM. As for “attitude”, it refers to the degree to which a
person has a favourable or unfavourable evaluation of behaviour; it is considered as a mediating
variable which will influence ultimate CWM behaviour (Ajzen, 1991). According to social
psychology studies, attitude reflects the individual’s mental and neutral state of readiness,
organised through experience, exerting a directive or dynamic influence on his/ her response to
all objects and situations with which it is related (Davies et al., 2002). For the purpose of this
study, since the researcher seeks to identify and understand the factors influencing the
behaviour of contractors towards CWM, the term CWM behaviour will comprise attitudes of
contractors as well as other potential factors affecting the adoption of CWM.
Achieving CWM requires effective action from all those engaged in construction, including
governmental bodies, clients, designers, contractors and suppliers. This is confirmed by Shen
et al. (2007) and Abidin (2010) who revealed that participation and commitment of project
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stakeholders can have a major influence on the goals of SC. However, an extensive review of
the literature on CWM approaches (section 2.4.3) reveals that the global status regarding CWM
is not promising. This is because the perceptions and attitudes of construction stakeholders
towards CWM are often different depending on several factors (section 3.4.1). For instance, the
realisation of the signiﬁcant impacts of CW on the environment is seen to be very important in
order to ensure environmental sustainability in construction projects. This is because many
construction stakeholders do not place high importance on environmental issues when it comes
to CWM. One example is demonstrated by Serpell et al. (2013), who revealed that small and
medium-size contractors are mostly focused solely on the economic element, with little or no
interest and/ or awareness of the environmental and social aspects of construction sustainability,
such as waste minimisation. On the other hand, Serpell et al.'s study indicated that large-size
contractors are often concerned with the three pillars of SC as a consequence of client demand
for sustainable projects and/ or higher awareness of such contractors towards construction
sustainability. Indeed, Begum et al. (2009) revealed that environmentally positive attitudes and
responsible behaviours are critical in understanding how to resolve issues surrounding CW
management.
However, awareness of the environmental impact of CW has not always exerted a strong
influence on CWM. Mahpour and Mortaheb (2018) provided a rationale for this, claiming that
financial incentives and cost saving devices are more conducive to driving CWM. This was
confirmed by a number of studies (e.g. Jia et al., 2017; Hao et al., 2019; Liu et al., 2019) who
revealed that economic performance has been critical in promoting waste management
measures in construction projects. This is because cost saving is the first priority when
considering whether to adopt waste management measures, or not. Confirming this, Al-Hajj
and Hamani (2011) revealed that maximising profit and cost savings are considered to be the
most important benefits for motivating contractors towards CWM. However, project
stakeholders sometimes are not incentivised to take effective action to minimise CW due to a
lack of awareness and knowledge of the financial benefits (cost saving) of CWM. According to
Udawatta et al. (2015) and Bakshan et al. (2017), awareness of cost savings and understanding
the economic growth of construction projects can have a significant influence towards
motivating project stakeholders, including clients, designers and contractors, in minimising
CW. For instance, Abidin (2010) noted that project stakeholders, even in large projects, are
mostly reluctant to implement SC practices because of their time and cost concerns and the lack
of knowledge and awareness of sustainable practices. Further, Manowong (2012) revealed that
the widespread perception by project stakeholders that CWM is an activity that contributes to
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additional project expenses, creates a lack of interest towards effective measures to minimise
waste. Consideration of social sustainability, which ensures a better quality of life, is also an
essential issue pertaining to waste minimisation in construction projects. The project
stakeholders’ awareness and effort with regards to waste minimisation are largely associated
with attaining social benefits of SC, including the avoidance of creating new and undesirable
landfill sites, stemming from potential environmental health risks associated with CW and its
disposal, and reducing the cost of construction (Hussin et al., 2013).
Consequently, according to the above discussions, there has been increased attention and effort
worldwide focused on CWM behaviour in recent years. However, such behaviour has not
always been successfully controlled due to the factors affecting it (see section 2.4.3). With
regards to the case of Jordan, although there are few studies currently available in Jordan
concerning the subject of CWM and its related behaviour, it was observed that the construction
industry is still suffering from poor and insufficient sustainability practices particularly by
contractors (as discussed in section 2.5), based on the following: First, from the author’s
experience in the construction industry and based on existing studies, it was seen that the current
situation of CWM is very poor in Jordan and the amount of CW generation is ever increasing.
This was mainly attributed to the gaps in CW legislations (GIZ, 2014; Aldayyat et al., 2019);
the participation of Jordanian construction contractors in waste minimisation is still limited and
very modestly explored (Tewfik & Ali, 2014; Aldayyat et al., 2019); and the practise of illegal
dumping and waste disposal with little or no attempt for recovery (GIZ, 2014; UNEP, 2015a).
Second, there is a general lack of interest from construction clients and contractors towards
CWM, and this especially applies to small and medium construction companies as their main
interest is to maximise profits (Al-Rifai & Amoudi, 2016). Finally, compared to the global
current situation of CWM and its related issues and particularly in neighbouring countries,
where they share a similar construction culture to Jordan, it is evident that the behavioural cause
of CW (particularly by contractors) is a significant issue that needs to be investigated in
Jordanian construction projects.
It is therefore, important to understand CWM behaviour, particularly by contractors (as
explained in section 2.3.3), in order to achieve holistic and integrative CWM. The following
discussion begins by reviewing existing behaviour adoption theories and frameworks that may
aid the attempt to explore and understand the factors influencing the behaviour of contractors
towards CWM. Indeed, Black et al. (2001) suggested that variables/ factors found in
behavioural adoption theories and frameworks are the starting point for any study in order to
build up a theoretical base for the fieldwork investigation. According to these theories and
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frameworks, CWM behaviour is viewed as a consequence of a set of perceptions and attitudes
which have different levels of influence in differing contexts.

3.3 Behavioural adoption theories and frameworks
‘Behaviour theories and frameworks’ are theories in psychology that try to predict human
behaviour towards a certain subject through investigating the factors that influence individual
behavioural choices (Morris et al., 2012). They have been utilised in various disciplines, such
as technology adoption, construction, education, health, environmental sustainability and many
others. According to these theories, the adoption of CWM behaviour is determined by an
individual’s beliefs and perceptions towards such an issue. The most popular theories include:
The Technology Acceptance Model (TAM; Davis, 1985), Social Cognitive Theory (SCT;
Bandura, 1986), Theory of Reasoned Action (TRA; Fishbein & Ajzen, 1975); and the Theory
of Planned Behaviour (TPB; Ajzen, 1985). These are discussed in more detail in the following
subsections.

3.3.1 Technology Acceptance Model (TAM)
TAM is one of the most recognised behaviour adoption theories, developed by Davis in 1985
(see Figure 3.1). It is an information systems theory that seeks to provide a basis for
understanding the impact of external factors on users’ attitudes and the level of their intentions
regarding the acceptance and usage of a technology (Davis, 1985). TAM is considered one of
the most influential extensions of the TRA (see section 3.3.3).

Figure 3.1: Technology Acceptance Model (TAM; Davis, 1985)

TAM suggests that when a new technology is presented to users, there are two main factors that
influence their decisions and attitudes about how and when they will use it. These are: the
technology’s “perceived usefulness” and “perceived ease of use”. Perceived usefulness is
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defined by Davis as “the degree to which an individual believes that using a particular system
would enhance his/ her job performance”, while perceived ease of use refers to “the degree to
which an individual believes that using a particular system would be free from [increased]
effort”. According to the theory’s author, both factors have the capability to determine the actual
use (adoption behaviour) of a technology. The TAM has been extensively used in predicting
the adoption behaviour of information systems and technological devices, and has proved to be
valid and reliable for describing technologies’ acceptance (Lee et al., 2003; King & He, 2006).
In the field of construction, TAM was used in predicting the application of several LWTs such
as BIM (Sanchís Pedregosa et al., 2020), mobile computing technology (Son et al., 2012) and
3D building models (Sepasgozaar et al., 2017).

3.3.2 Social Cognitive Theory (SCT)
SCT was proposed by Bandura in 1986 (see Figure 3.2). The theory describes the unique way
in which an individual acquires, maintains and performs behaviour under the social
environment where he/ she observes a model performing a behaviour and the consequences of
that behaviour. Observing a behaviour can also encourage individuals to engage in behaviour
they have already learned (Bandura, 1986).

Figure 3.2: Social Cognitive Theory (SCT; Bandura, 1986)

In SCT, human behaviour is extensively motivated and regulated by the ongoing exercise of
self-influence. The major self-regulative mechanism operates through the interaction of three
determinants. These include personal, environmental and behavioural factors. The first factor
refers to the individual’s self-efficacy towards the behaviour, while the second factor refers to
aspects of the setting or environment that affects the individual's ability to successfully
complete the behaviour. Finally, the third factor refers to the response individuals receive after
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they perform the behaviour (Bandura, 1986). In the interactionist perspective of SCT, effective
self-reaction can be achieved by self-monitoring of one's behaviour, its determinants, and its
effects - judgment of one's behaviour in relation to personal standards and environmental
circumstances. In other words, social factors affect the operation of the self-regulative
mechanism, where an individual's knowledge acquisition can be directly related to observing
others within the context of social interactions, experiences and external media influences
(Bandura, 2001). SCT has accumulated an impressive research record in diverse contexts and
been proven to be very effective in the prediction of human social behaviours (Schunk, 2012;
Nabavi, 2012; Schunk & DiBenedetto, 2020). Furthermore, SCT is an evolving theory that is
open to change based on a reasonable view of the social implications and its effects on people's
behaviour (Schunk & DiBenedetto, 2020).

3.3.3 Theory of Reasoned Action (TRA)
TRA was developed by Fishbein and Ajzen in 1975 (see Figure 3.3) and has been tested and
used widely. It has been recognised as one of the most effective theories in explaining the
relationship between human behaviour, and intention to adopt that behaviour (Hagger, 2019).
The theory states that an individual's decision to engage in a particular behaviour depends on
his/ her intention towards performing that behaviour. The stronger the intentions the individual
holds will also increase the likelihood for the behaviour to be performed (Fishbein & Ajzen,
1975).

Figure 3.3: Theory of Reasoned Action (TRA; Fishbein and Ajzen, 1975)

According to TRA, the intention to perform a certain behaviour is determined by subjective
norms and attitudes towards behaviours. The attitude towards behaviour is defined as the degree
to which a person has a favourable or unfavourable evaluation of behaviour, while subjective
norm refers to the perceived social pressure to perform or not perform the behaviour (Fishbein
and Ajzen, 1975). In TRA, there are two main conditions that can affect the relationship
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between behavioural intention and behaviour. The first condition is that there must be stability
of intentions between the time of measurement and the performance of the behaviour. This
means that intention must remain the same between the time that it is made and the time that
the behaviour is performed. The second condition is the degree to which carrying out the
intention is under the volitional control of the individual; the individual always has control over
whether or not to perform the behaviour (Wahab, 2018). Although numerous instances were
identified in which researchers overstepped the boundary conditions initially proposed for the
model, the predictive utility remained strong across conditions (Ajzen, 1991). This was
confirmed by Otieno et al. (2016) who revealed that practical and useful results were obtained
using the TRA framework through identifying where and how to target strategies for changing
behaviour.

3.3.4 Theory of Planned Behaviour (TPB)
TPB was proposed by Ajzen in 1985 as an extension to the TRA. It is one of the most widely
recognised and influential theories in behaviour adoption frameworks (Conner, 2020). This
theory covers a person's non-volitional behaviour by understanding how deliberative behaviour
can be predicted and changed, because behaviour can be deliberative and planned (Ajzen, 1991;
Figure 3.4).

`

Figure 3.4: Theory of Planned Behaviour (TPB; Ajzen, 1985)

TPB asserts that an individual’s behaviour is driven by both behavioural intentions and
perceived behavioural control, while behavioural intention is a function of three determinants
which are: attitude towards behaviour, subjective norm and perceived behavioural control.
Whilst attitude towards behaviour and subjective norm are defined earlier in section 3.3.3,
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perceived behavioural control is the third antecedent of intention in this theory which refers to
the perceived ease or difficulty of performing the behaviour (Ajzen, 1991). TPB has long
dominated attempts to predict behaviour and much work has been carried out on the basis of
this theory in different fields (e.g., healthcare, education, marketing, finance and construction).
Furthermore, several critical reviews, theoretical frameworks and meta-analyses have been
published, by both the theory’s author and others in different domains and situations, to predict
the planned behaviour as well as the actual behaviour; significant benefits were gained from
the TPB application (Teo & Loosemore, 2001; Ajzen, 2011; Montaño & Kasprzyk, 2015; Paul
et al., 2016; Mak et al., 2019). In a construction context, the explanatory power of TPB has
already been proven to be very effective in predicting CWM behaviour and the factors affecting
it (Wu et al., 2017; Li et al., 2018; Mak et al., 2019).

3.3.5 Critique of the behavioural adoption theories and frameworks
There have been numerous attempts to analyse the adoption of TAM, SCT, TRA and TPB in
terms of their effective understanding in subject-related behaviour, nearly all of which,
however, have received different levels of criticism from researchers for their inadequacy in
predicting behaviour towards a certain subject in complex situations. Their studies argue that
although such theories and frameworks are undoubtedly valuable, their implementation often
has certain constraints. The following discussions illustrate a comprehensive critique,
highlighting the limitations to the adoption of these theories and frameworks.

▪

TAM
Various opinions and arguments have been posed by authors concerning the exact variables
influencing the acceptance of a technology (Venkatesh & Davis, 2000; Lee et al., 2003;
Bagozzi, 2007; Venkatesh & Bala, 2008; Chuttur, 2009; Marangunić, & Granić, 2015;
Otieno et al., 2016; Olushola & Abiola, 2017; Ajibade, 2018). Their studies criticised the
TAM for its simplicity which ignores the importance of subjective norms (e.g., such as
social influence and voluntariness) and organisational factors (e.g., job requirements and
facilitating conditions) which have been found to have a significant effect on the usage
behaviour of a technology. For instance, Ajibade (2018) argued that the organisation’s
policies and rules can largely impact the acceptance of a technology through promoting it
in a mandatory setting. Venkatesh and Davis’s (2000) study revealed that the TAM
variables, such as perceived ease of use and perceived usefulness, were given very little
support in the explanation of technology’s usage. Thus, they incorporated other variables
such as job requirements, voluntariness and subjected norms which were found to have
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provided better explanatory power. This was confirmed by Venkatesh and Bala (2008) who
added that factors contributing to the acceptance of an IT are likely to vary with the
facilitating conditions, social influence, target users and context. Further, Bagozzi (2007)
noted that social processes are essential in the prediction and implementation of a new
technology. Therefore, researchers have extended the TAM by adding more construct
variables in order to define uncovered measures in the main construct of the theory
(Marangunić, & Granić, 2015).

▪

SCT
SCT is known to be more concerned with the social influence on the individual’s behaviour
including social interactions, others’ experiences and external media influences (Bandura,
1986). However, a number of studies (e.g., Compeau & Higgins, 1995; Nabi, & Clark, 2008;
Turner, 2010; Nabavi, 2012; Young et al., 2014; Schunk & DiBenedetto, 2020) argue that
Bandura’s theory is based on the assumption that behaviour is primarily influenced by the
surrounding environment which is not always the case, because people move through life
and their behavioural patterns can change drastically with little change in their environment.
Additionally, Turner (2010) added that the extent to which social factors play into the actual
behaviour and whether one is more influential than another, is not quite clear in SCT.
Although the theory’s principles are intended to be generic and applicable across different
contexts, some theoretical adaptation may be needed. Schunk and DiBenedetto (2020)
indicated that SCT was developed before the advent of contemporary technology, as the
basic social cognitive principles were developed and tested largely in face-to-face settings
without advanced technology such as online media. Further, Nabi, and Clark (2008) and
Young et al. (2014) stated that SCT does not focus on emotion or motivation (perceived
usefulness), other than through reference to past experience.

▪

TRA
Various studies argue that the simple construct of the TRA limits its power of analysis
towards predicting behaviour (Bagozzi et al., 1989; Kippax & Crawford, 1993; Han et al.,
2010; Montaño & Kasprzyk, 2015; Paul et al., 2016; Hagger, 2019). For instance, TRA
neglects the perceived behavioural control factor when predicting behaviour and assumes
that individuals have full volitional control of themselves (Montaño & Kasprzyk, 2015; Paul
et al., 2016). In other words, TRA focuses on behaviours that people decisively enact, and
it is limited in terms of being able to predict behaviours that require access to certain
opportunities, skills, conditions and/ or resources. Indeed, Han et al. (2010) revealed that
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the inclusion of perceived behavioural control enhances the prediction of behavioural
intentions and behaviours. They elaborated that the influence of perceived behavioural
control on a certain behaviour is most important when the behaviour presents some problem
with respect to control. Further, Bagozzi et al. (1989) emphasised that a strong intention is
not always followed by the performance of the behaviour. In fact, behaviours and attitudes
may not always be linked with intentions, particularly when the behaviour does not require
much cognitive effort.

▪

TPB
Although there has been considerable support for the TPB, a number of studies have
criticised the theory for ignoring the importance of additional significant variables which
should be incorporated to enhance its explanatory power in predicting behaviour
(Mathieson, 1991; Davies et al., 2002; Tonglet et al., 2004; Kaiser, 2006; Bortoleto et al.,
2012; Sniehotta et al., 2014; Montaño & Kasprzyk, 2015; Botetzagias et al., 2015; Wu et
al., 2017; Conner, 2020). According to Montaño and Kasprzyk (2015), TPB does not
provide an acceptable explanation for human behaviour and, thus, needs to be changed or
extended. Various studies noted that TPB neglected moral considerations as sometimes
moral norms can have a larger impact than attitude on intention to perform the behaviour
(Bortoleto et al., 2012; Botetzagias et al., 2015; Wan et al., 2017). Moreover, many have
argued that TPB ignores the importance of the technological factors (e.g., ease of use and
perceived usefulness), as such factors can better predict the attitude toward the adoption of
a technology (Mathieson, 1991; Sniehotta et al., 2014).

In conclusion, TAM, SCT, TRA and TPB are the most applicable and practical theories and
frameworks available to support the prediction of human behaviour. Nonetheless, their
limitations in terms of their inadequacy and simple construct have weakened their explanatory
power and efficiency. The main argument of the critics is that such behavioural adoption
theories and frameworks ignore the importance of additional variables/ factors which were
found to have a significance towards the successful prediction of human behaviour. The next
section demonstrates and discusses the application of the aforementioned theories and
frameworks in a construction context. This is to provide a body of literature for understanding
the factors influencing contractors’ behaviour towards CWM, with the aim of identifying gaps
and practical limitations in the prediction of such a behaviour.
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3.4 Behaviour adoption theories and frameworks in a construction context
Various studies have analysed the use of the behavioural adoption theories and frameworks in
the understanding of contractors’ behaviour and their work performance in the construction
industry. This section discusses a number of key studies which have investigated such issues,
followed by a presentation of their ineptness and practical limitations in order to affirm the gap
left by previous research efforts.
In a study of which the aspects of the technology adoption were considered to be mandatory,
Lee et al. (2012) proposed a conceptual BIM acceptance model to understand the key factors
affecting the adoption of such technology by facility managers in Korean construction projects.
The proposed model was constructed by integrating the TAM and TPB variables. The study’s
result showed that among thirteen factors hypothesised to have direct or indirect effects on BIM
acceptance, five were identified as key influential factors affecting the adoption of BIM. These
factors are “self-efficacy”, “compatibility”, “belief in the benefits”, “collaboration
environment” and “facilitating conditions”. This seemed to offer a valid extension to TAM’s
authors’ higher-level views as they revealed that the measurement items for BIM acceptance
can be examined to ensure reliability and validity. Additionally, hypothesis testing can be
conducted to explore the relationships between the key factors which may lead to a higher
acceptance of BIM. However, the findings of this study were limited to the identification of
social factors as the authors investigated BIM acceptance behaviour in a mandatory
environment.
In Australia, Sepasgozaar et al. (2017) looked into the ability of TAM to assess the introduction
of a 3D building using laser scanner technologies. They applied TAM utilising two of its main
elements: “usefulness’ and “ease of use” each measured by a range of factors. The findings
showed that a lack of knowledge with regard to the scanner applications and the presence of
low-skilled workers represented the main barriers to the application of such technology.
Moreover, their study revealed that by modifying a generic framework, key constructs were
addressed, such as scanner performance expectancy, effort expectancy, organisation selfefficacy and user efficacy. This pattern, however, does not match the usual components shown
in the TAM framework since new constructs have been identified and addressed that fall under
organisational factors. These are: implementation facilitating support and maintenance support.
Lorente et al. (2014) examined the usefulness of SCT in the effective understanding of the
factors affecting contractors’ engagement and performance in the Spanish construction
industry. A comprehensive questionnaire was collected from 228 construction workers from
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different small and medium-sized construction companies. The results suggest that personal
resources (i.e., self-efficacy, mental and emotional competences) play a predictive role in the
perception of job resources (i.e., job control and supervisor social support), which in turn leads
to work engagement and self-rated performance. Lorente et al.’s study extended the
motivational process of SCT by including additional personal resources (i.e., mental and
emotional competences) as a predictive role. Their study has proved that boosting the positive
beliefs of construction workers regarding their competences will result in a better perception of
their performance.
Teo and Loosemore (2001) employed TPB as a theoretical basis to explore the influence of
contractor behaviour on CWM. However, they did not collect empirical data to testify the
relationship between employees' attitudes and their waste minimisation behaviour. Zhu and Li
(2012) and J. Li et al. (2018a) tried to fill the gap by carrying out a survey among Chinese
contractor employees and established a quantitative TPB model of their CWM behaviour using
Structural Equation Modelling (SEM). The model revealed significant findings on the basis of
high reliability and validity, and showed that the validated model demonstrated that the
awareness and attitude from construction workers exert the greatest influence on behavioural
intention toward CWM. This was also confirmed by Shurrab et al. (2019) who revealed that the
perceived benefits of SC can highly affect the CWM behaviour of Emirates’ contractors.
Nonetheless, their behavioural intention was unable to predict behaviour, while perceived
behavioural control has a significant effect on behaviour.
In a comparative analysis study between China and the USA, Liu et al. (2019) applied the TPB
to improve decision-making for CWM among workers in China. The results indicated that the
lack of management support and benefit-driven effect are significant issues which contribute to
the generation of waste in the Chinese construction industry. Additionally, Chinese construction
workers had poorer minimisation technologies and knowledge than American construction
workers which made it very difficult for them to implement CWM. The pattern also supports
the findings of Yuan (2013) and J. Li et al. (2018a) who found that construction-related
knowledge, environmental benefits and social benefits can motivate construction stakeholders
towards minimising waste. However, Liu et al.’s study was limited as it failed to consider the
role of project managers based on the premise that project managers hold significant influence
in decision-making regarding CWM. Furthermore, it seems that their study failed to consider
the technological factors which can help to explain the lack of utilisation of waste minimisation
technologies in the Chinese construction industry.
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Finally, in Wu et al.’s (2017) study, a theoretical model was initially established based on TRA
and TPB to investigate the determinants of contractor’s CWM behaviour in China. The
conclusions reached in this study was that economic viability followed by governmental
supervision were the two significant issues influencing Chinese contractors to make CWM
decisions. The construct of project constraints was an insignificant determinant regarding
contractor’s adoption of CWM behaviour in this instance. However, this study was limited to
the identification of cultural differences in the Chinese construction industry. Different cities
may have different CWM requirements, thus the responses from the respondents may differ
significantly.
Drawing on the information provided in the aforementioned discussions based on the extensive
review of the relevant literature, the key weaknesses regarding the behavioural adoption
theories and frameworks for CWM are presented below:

▪

There is a lack of studies which have utilised TAM and SCT behavioural adoption theories
and frameworks to address CWM issues despite being proven effective in the prediction of
human behaviours in other fields. With regards to TAM, the majority of the studies in the
literature focused on explaining the acceptance of technologies in the subjects of education,
marketing and finance (King, & He, 2006; Marangunić & Granić, 2015) but there was scant
application in construction. The most likely reason is that the construction industry is
frequently reported as a low-technology industry, lagging behind other industries in terms
of implementing innovative technologies i.e., LWTs (Becerik-Gerber & Kensek, 2010;
Sepasgozar & Bernold, 2013). In respect of the SCT framework, “health” and “education”
were the major focus in terms of predicting human social behaviours (Schunk &
DiBenedetto, 2020).

▪

There is a lack of variety of regions, especially in the Middle East, with regard to the studies
conducted using behavioural adoption theories and frameworks for the predication of CWM
behaviour. Based on this review, the majority of studies that utilised these four theories
have been conducted in developed counties, such as the United States, Europe and in China,
and therefore authors (e.g., Humphreys, 1996; Hong et al., 2001; Wu et al., 2017; Liu et al.,
2019) have argued that the results of these studies are less open to generalisation in other
cultural contexts, such as in the Middle-East region. Accordingly, the adoption of these
theories and frameworks may be inappropriate for developing countries, as it differs from
one culture to another because of different prevailing factors. Wu et al. (2017) noted that
the adoption of a certain behaviour is perceived and valued differently by different cultures.
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▪

Much of the literature analysing the adoption of CWM behaviour is based on theoretical
findings and there is little published work with empirical findings. Sniehotta et al. (2014)
suggested that psychological theories should define their range of intended applications
which should be empirically substantiated, rather than implicitly making untenable claims
explaining all behaviour.

▪

It should be noted that TAM’s ability to explain attitudes towards using a particular
technology is better than in other theories and frameworks (i.e., TRA, TPB & SCT). The
most likely reason, as explained by Mathieson (1991) is that the two components (perceived
usefulness and perceived ease of use) of TAM have received more empirical support than
the other theories and such factors can better predict attitudes toward the adoption of a
technology. Moreover, TAM has the ability to consistently explain a significant amount of
the variance in usage intention and behaviour.

▪

In general, researchers seem to favour TPB over other theoretical frameworks (i.e., SCT &
TRA). The most likely reason is that the scope of TPB is more comprehensive as it
synthesises the factors both these frameworks consider, such as attitudes and subjective
norms. Additionally, it considers the control of individuals over their behaviour which is
found to be an influential factor in predicting behaviour (Zhu & Li, 2012). Moreover, the
TPB application can effectively demonstrate the effect of each factor in relation to others.
For instance, significant findings were found using SEM which provided more insight into
the significance of a particular factor (Renzi & Klobas, 2008; J. Li et al., 2018a).

In conclusion, the application of these theories and frameworks in the context of construction
confirmed what was reported by the critics in section 3.3.5, in terms of their inadequate and
simple construct which lacked additional important factors for the effective prediction of CWM
behaviour (discussed in section 3.3.5). For instance, the findings of Lee et al.’s (2012) study
revealed that TAM neglects the effect of social pressure while Lorente et al. (2014) indicated
that incorporating organisational factors, such as the provision of requisite opportunities and
resources, is extremely significant in predicting engagement in work. With regard to Liu et al.’s
(2019) study, their application of TPB failed to consider the technological factors which can
significantly help to explain the lack of utilisation of waste minimisation technologies in the
Chinese construction industry. Thus, based on the findings of these studies, there is a need for
the development of a BF, that addresses such weaknesses of existing theories and frameworks,
in order to enhance the explanatory power in the prediction of CWM behaviour. Such a
framework will support the adoption of waste minimisation in Jordanian construction projects
by identifying and understanding the factors influencing the behaviour of contractors towards
CWM.
71

3.4.1 Factors influencing the behaviour of contractors towards waste minimisation
In reviewing the existing literature, various factors have been found to impact on the behaviour
of contractors towards CWM, such as those identified in the previous section. However, the
question remains as to which factors have the most influence on the adoption of CWM
behaviour. Therefore, the forthcoming discussion presents the important factors influencing the
behaviour of contractors towards CWM. According to the CW literature in sections 2.4.3 and
3.4, these factors are considered to be the most common behavioural factors which occur on
construction sites.
▪

Knowledge
Behaviour-related knowledge means “knowing how to enact the intended behaviour, to
determine responsibility for the intended act and to evaluate the perceived effectiveness of
the behavioural act” (Davies et al., 2002; J. Li et al., 2018a). It reflects one's ability to
perform a specific behaviour, recognising that their expectations of positive outcomes of a
behaviour will be meaningless if there is any doubt as to capability (Compeau et al., 1999).
Various physiological-related studies have found that there is a significant correlation
between behaviour and related knowledge (Teo & Loosemore, 2001; Davies et al., 2002;
Fabrigar et al., 2006; Funke, 2017).
In a CW context, J. Li et al. (2018a) revealed that construction-related knowledge and
experience of contractors are amongst the most important issues, influencing their
behaviour towards CWM. Extensive knowledge and experience of construction help to raise
the perceptions and understanding of contractors in the causes and types of CW. It also
helps raise their consciousness of the longer term social and ethical implications of their
activities in the project (Teo & Loosemore, 2001; Wang et al., 2008; Al-Hajj & Hamani,
2011; Yuan, 2013; Abarca-Guerrero et al., 2017; J. Li et al., 2018a; Luangcharoenrat et al.,
2019). Further, awareness of the importance of using LWTs, in terms of its resulting
benefits as well as familiarity and skills in applying these technologies in construction
projects, influence the willingness of clients and contractors towards their adoption
(Sepasgozaar et al., 2017). Moreover, knowledge and awareness of financial incentives
(cost saving) help to motivate project stakeholders in taking effective action towards CWM
(Udawatta et al., 2015; Bakshan et al., 2017), as they are mostly concerned with cost saving
objectives (Mahpour & Mortaheb, 2018; Liu et al., 2019). Therefore, extensive knowledge
and awareness from contractors on the positive outcomes of CWM, through educating
managers, supervisors and workers on the issue of CW and highlighting their importance
in terms of environmental sustainability, proﬁt maximisation and quality control
(knowledge-based constructs), can significantly result in effective CWM (a behavioural
construct).
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▪

Personal norms
Personal norms reflect an individual’s internalised morals and is a relatively important
predictor of behaviour. It reflects the individual’s beliefs and ethics regarding how he/ she
should behave and what actions are right or wrong (Bortoleto et al., 2012). Personal norms
are derived from social norms but are heterogeneous across individuals. They are learned
and modified through social constructs. Thus, the consequences of violating or upholding
social norms are tied to one's self-concept (Davies et al., 2002; Kaiser, 2006; Bortoleto et
al., 2012; Wan et al., 2017). For instance, previous social-psychological studies (e.g.,
Schwartz, 1977 & Stern et al., 1995) have found that the anticipated feeling of regret has an
important effect on decision-making. Indeed, as noted by Stern et al. (1995), the role of
anticipated regret is of particular interest in the domain of company regulation violations as
if some employees expect negative consequences when performing a violation action, they
may decline to do so.
In a CW context, Teo and Loosemore (2001) suggested that the lack of implementation of
CWM measures, which can result in negative outcomes, can morally motivate individuals
toward minimising CW. Furthermore, several authors (e.g. Wang & Yuan 2011; Yuan &
Wang, 2017; J. Li et al., 2018a; Corsini et al., 2018; Mak et al., 2019) argue that work
performance, in terms of personal perception and judgment, desire for decision objectives
and consequences of decision making, can be perceived as a form of moral behaviour
(personal obligation) since the benefits of performing such behaviour (e.g. cost and time
saving, increased productivity, reduced waste, reduced environmental impact) are shared
within the work environment and community (in addition to the person involved), hence, is
a key motivation factor for minimising CW.

▪

Perceived usefulness
Perceived usefulness (realised or expected) is defined as the perceived likely positive
consequences of the behaviour (Bandura, 1986). It has three dimensions which are:
perceived usefulness for the community, organisation, and the person involved.
•

Perceived community usefulness: This refers to the degree to which an individual
believes that performing a particular behaviour would reap benefits for the local
community (Shurrab et al., 2019). Therefore, with the growing awareness and
understanding of the positive shared benefits of subject-related behaviour in any aspect
of a person's life (e.g., study, work, daily life activities, etc.), his/ her willingness and
interest in adopting that behaviour may increase. In a CW context, Begum et al. (2009)
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showed that environmentally positive attitudes and responsible behaviours are critical
in understanding how to resolve issues surrounding CW management. Yuan et al.
(2018) revealed that benefits can be gained from the adoption of CWM behaviour, such
as attaining a sustainable environment and enhancing quality of life, and, as a result,
project managers are sometimes more inclined to pay more attention to waste
minimisation. Further, Serpell et al.’s (2013) study indicated that only large-sized
contractors are often concerned with the three pillars of sustainability in construction
projects.
•

Perceived organisation’s usefulness: This refers to the degree to which an individual
believes that performing a certain behaviour would enhance his or her job performance,
and is viewed as an advantage for the organisation through a better and more efficient
way of performing certain tasks (Davis, 1989). Compeau et al. (1999) noted that
organisational-related outcome expectations have a strong relationship with behaviour,
since it is often difficult for individuals to separate the anticipated consequences of the
behaviour from their expectations of performance attainments. In a CW context, various
studies (Udawatta et al., 2015; Jia et al., 2017; Park & Tucker, 2017; Hao et al., 2019;
Liu et al., 2019) have revealed that economic performance has been critical in
promoting waste management measures in construction projects. This is because cost
saving is the first priority when considering whether or not to adopt waste management
measures. Al-Hajj and Hamani (2011) revealed that maximising the profit and cost
savings are the most important benefits for motivating contractors towards CWM

•

Perceived personal usefulness: This refers to expectations of change in image or
status, or of expectations of benefits for behaviour and the outcome of the behaviour
(Bandura, 1989; Compeau et al., 1999). Therefore, with growing awareness and
understanding of employees regarding the personal benefits they could gain by
performing a related behaviour, their motivation, desire and interest will be positively
influenced towards adopting that behaviour. In a CW context, Osmani et al. (2006)
claimed that there was a consensus among both architects and contractors that ﬁnancial
reward was one of the key incentives to drive waste minimisation, and there was also a
need to reward all project stakeholders for good waste minimisation performance.
Mahpour and Mortaheb (2018) suggested that incentivising construction employees
(savings from CWM is to be shared among them) is more efficient and promotes ethics
compared to penalising in CWM.
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▪

System ease of use
Perceived ease of use (effort expectancy and complexity) is defined as “the degree to which
the prospective user expects the potential system (e.g., LWTs) to be free of effort” (Davis
et al., 1989; Luque-Martínez et al., 2007). Previous innovation studies (e.g., Davis et al.,
1989; Davis, 1993; Rogers, 1995; Venkatesh & Davis, 2000) have found that there is a
strong correlation between the ease of use of a technology and the likelihood of its adoption.
Rogers (1995) noted that new ideas that are simpler to understand are adopted faster than
those requiring the adopter to develop new skills and understanding.
In a CW context, the implementation attributes, including ease of use of LWTs, are critical
measurements for their adoption in construction (Sepasgozar & Bernold, 2013). The reason
is that the process of utilising certain LWTs requires familiarity, skilled experts and/ or can
be difficult to understand. Additionally, setup requirements and the operational aspect of
such technologies can be challenging and require additional work to be carried out (Son et
al., 2012; Lee et al., 2015; Hong et al., 2016; Sepasgozaar et al., 2016, 2017; Liu et al.,
2018; Yang et al., 2018). For instance, Son et al. (2012) found that the successful
implementation of mobile computing devices in construction projects is largely influenced
by determinants such as technological complexity and training. Furthermore, Liu et al.
(2018) revealed that the adoption of smart construction (i.e., LWTs) depends heavily on
operators’ perceptions regarding the system’s ease of use. This includes the ease with which
the employee can become skilled in its use, the mental effort required, its controllability,
clarity and how easy it is to understand its capabilities.

▪

Descriptive norms
Descriptive norms refer to the typical patterns of behaviour, generally accompanied by the
expectation that people will behave according to a particular pattern, as determined by
beliefs about the extent to which how important others require him/ her to perform a
behaviour (Rivis & Sheeran, 2003). In other words, being influenced by surrounding
persons (socio-cultural environment) coupled with the willingness to follow a trend is very
influential in behaving in a related matter. Hence, the behaviour in this context is considered
voluntary. In a CW context, a number of authors (e.g., Lorente et al., 2014; J. Li et al.,
2018a; Liu et al., 2018; Yuan et al., 2018) emphasised that the CWM behaviour of
contractors can be largely influenced by social norms. For instance, J. Li et al. (2018a)
contended that the social pressure on workers to contribute to CWM activities is dictated
largely by managers' willingness to commit organisational resources to it. Similarly, Liu et
al. (2018) revealed that LWTs adoption can be enhanced through social pressure from
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project managers. They suggested that general managers can create a moderate, healthy and
continuous level of pressure among his/ her project teams in the organisation which, in turn,
influences the uptake of such technologies. Furthermore, Yuan et al. (2018) indicated that
societal concern about environmental protection can exert strong pressure on contractors
towards CWM.
▪

Injunctive norms
Injunctive norms refer to the prescriptive (or proscriptive) rules specifying behaviour that
persons ought (or ought not) to engage in (Kitts & Chiang, 2008). Hence, the behaviour in
this context is considered mandatory. In many cases, a subjective norm has a stronger effect
in mandatory settings than voluntary settings towards achieving certain targets, since the
former has a stronger impact on behaviour (Venkatesh & Davis, 2000). In a CW context, it
is generally recognised that the regulatory environment plays a crucial role in promoting
CWM practices by enforcing policies for the whole industry (Udawatta et al., 2015; Wu et
al., 2017; Yuan et al., 2018; Liu et al., 2018; 2019). For instance, Yuan et al. (2011) and
Hao et al. (2019) noted that landfill charges play a critical role in promoting economic
incentives that can significantly affect contractors’ willingness to minimise CW.
Additionally, Liu et al. (2019) and Yuan et al. (2011) indicated that the CWM behaviour of
contractors is mostly driven by compulsory laws and regulations with a punishment
mechanism, such as imposing financial penalties for illegal dumping. However, Wu et al.
(2017) emphasised the significant role of governmental supervision to ensure that laws are
enforced promoting better implementation of CWM.

▪

Project constraints
According to Atkinson (1999), a project’s budget, deadlines and scope are significant
determinants which can constraint the quality of work. The project constraints’ triangle is
used to analyse the success of a project delivering the required scope within the established
budget and schedule with reasonable quality. However, there should be a balanced trading
between constraints. For example, changes in one constraint necessitate changes in others
to compensate or quality will suffer (Atkinson, 1999). In a CW context, CWM behaviour
depends to some degree on such non-motivational issues as the availability of requisite
opportunities and resources, such as time and money (Fapohunda & Stephenson, 2011;
Lorente et al., 2014; Udawatta et al., 2015; Abarca-Guerrero et al., 2017; Yuan et al., 2018).
According to Abarca-Guerrero et al. (2017), project managers are mostly concerned with
cost and time when selecting construction methods and often neglect CWM. Indeed,
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Manowong (2012) noted that clients and contractors often perceive CW as less important
than proﬁt maximisation, and view CWM as an activity which contributes to additional
project expenses. Furthermore, Simpson (2012) indicated that many construction
organisations only seek to invest in waste minimisation resources to the extent that they
produce minimum performance outcomes such as legal compliance. Therefore, Madhavi et
al. (2013) suggested that in order to monitor and control CW generation it is often necessary
to dedicate time and money resources.
▪

Facilitating conditions
Facilitating conditions refer to the provision of requisite opportunities and resources by
organisations in order to support employees in the implementation of work towards
achieving the organisational targets (Ajzen, 1985; Thompson et al., 2003). The more
resources and opportunities individuals believe they possess, the fewer obstacles they
anticipate and, thus, the greater ease of performing the behaviour (Ajzen, 1991). In a CW
context, a study by Yuan et al. (2018) found that intention in conjunction with appropriate
opportunities and resources enable the attainment of a behavioural goal in CWM. Wang et
al. (2008) suggested that training schemes should be provided for all levels of employees
with the objective of improving the environment. This is also asserted by Al-Hajj and
Hamani (2011) who recommended the design of speciﬁc training and educational programs
for different groups of staff. However, they noted that employees’ participation can only be
effective with genuine support. Furthermore, Lee et al. (2012) conducted a study regarding
the adoption of LWTs with the result revealing that facilitating conditions such as the
availability of technical assistance, can either restrict or optimise the usage of such
technologies.

▪

System compatibility
Perceived compatibility is defined as “the degree to which an innovation is perceived as
being consistent with existing needs, values, past experiences and the technological
infrastructure of potential adopters” (Rogers, 1995). An innovation might be perceived as
technically or financially superior in accomplishing a given task, but it may not be adopted
if a potential adopter views it as irrelevant to their needs (Rogers, 1995; Karahanna et al.,
2006). Considerable research has reported on the important impact of compatibility on the
decision of technology acceptance of potential users (Karahanna et al., 2006).
In a CW context, the compatibility construct which fits between a particular LWT and the
work environment, current methods of construction and overall objectives, will have a
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significant influence on both user behaviour and an organisation’s intention to adopt that
technology (Lee et al., 2012; Sepasgozar & Bernold., 2013; Lee & Yu, 2016; Sepasgozaar
et al., 2017; Shirowzhan et al., 2020). For instance, Sepasgozaar et al. (2017) suggested that
there are important aspects that should be considered when adopting LWTs in construction
projects, in order to ensure the effective and successful adoption of such technologies. These
aspects are: how can the outcomes of these technologies be integrated with other building
components; and to what extent can these technologies incorporate services and
reinforcements in the work implementation and how they will produce better, faster and
perhaps lower-cost buildings in the long term. Further, Lee et al. (2012) revealed that one
of the most important issues affecting the adoption of BIM in construction activities is the
suitability of the potential adopter’s work environment.
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3.4.2 A Summary of the factors influencing the behaviour of contractors towards waste
minimisation
From the discussions presented in the previous section, the most common factors affecting the
behaviour of contractors towards CWM are summarised and classified in Table 3.1 below.

Table 3.1: Common factors influencing the behaviour of contractors towards CWM
Factors

Description

Reference

Construction-related
knowledge

Knowledge helps to raise the construction workforces’
perception and understanding in the CW subject,
additionally it helps raise their consciousness of the
longer term social and ethical implications of their
activities in the project.

Wang et al. (2008),
Al-Hajj and Hamani
(2011), Yuan (2013),
J. Li et al. (2018a)
Bakshan et al. (2017).

Personal norms

CWM behaviour can be perceived as a form of moral
behaviour since the benefits of such behaviour are shared
within the society in addition to the person involved,
hence, is a key motivation factor for minimising waste.

Wang and Yuan
(2011), Corsini et al.
(2018), Mak et al.
(2019).

CWM behaviour can be affected by the degree to which
an individual believes that minimising CW would reap
benefits for the local community, organisation and the
person involved.

Osmani et al. (2006)
Park and Tucker
(2017), Yuan et al.
(2018), Hao et al.
(2019).

System ease of use

There is a strong correlation between the ease of use of
LWTs and the likelihood of their adoption. technologies
that are simpler to understand are adopted faster than
those requiring the adopter to develop new skills and
understanding.

Son et al. (2012),
Hong et al. (2016),
Sepasgozaar et al.
(2016; 2017).

Descriptive norms

Being influenced by surrounding persons, coupled with
the willingness to follow the trend, have a significant
effect on the individual’s behaviour toward CWM.

Lorente et al. (2014)
Liu et al. (2018), Yuan
et al. (2018).

Injunctive norms

The regulatory environment plays a crucial role in
promoting CWM practices by enforcing policies for the
whole industry

Yuan et al., (2011,
2018) Liu et al. (2018;
2019).

CWM behaviour depends to some degree on nonmotivational factors such as availability of requisite
opportunities and resources (e.g., time, money).

Simpson
(2012), Lorente et al.
(2014), AbarcaGuerrero et al. (2017).

Facilitating conditions

Intention in conjunction with appropriate opportunities
and resources enable attainment of a behavioural goal in
CWM.

Wang et al. (2008),
Lee et al. (2012).

System compatibility

The fit between a particular technology adoption and the
work environment, current methods of construction and
overall objectives, can have a significant influence on
both user behavioural and organisation intention to adopt
that technology

Lee and Yu (2016),
Sepasgozaar et al.
(2017), Shirowzhan et
al. (2020).

Perceived usefulness

Project constraints
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3.5 Conclusion
Through an extensive review of the relevant literature on CWM frameworks and theories
adoption, this chapter has facilitated an understanding of the factors influencing the behaviour
of contractors towards CWM. It was notable that these adoption theories and frameworks all
have their relative benefits and limitations explaining CWM behaviour. Additionally, the list of
factors identified in the literature review lack empirical evidence of their applicability in the
Middle-East region, including Jordan. As a result, a theoretical basis was built for this study for
developing a BF that addresses the weaknesses of existing theories and frameworks in order to
enhance the explanatory power in the prediction of CWM behaviour. Such a framework will
support the adoption of waste minimisation in Jordanian construction projects through
exploring and understanding the factors influencing contractors’ behaviour towards waste
minimisation in the Jordanian context. Accordingly, a suitable research approach with effective
techniques and methods will be selected in order to achieve the research aim and objectives.
The research methodology adopted in this study will be discussed and justified in the following
chapter.

80

Chapter 4
Research Methodology
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4.1 Chapter overview
The preceding chapters established the research domain and presented a literature review
highlighting the necessity for this research to be conducted, essentially describing the “what”
and “why” focus of this work. The chapter incorporates a discussion on, and justification for,
the methodological approach to be adopted for the purpose of achieving the research aim and
objectives. Nevertheless, in order for the research methodology and study area to be suitably
aligned, it is necessary to enhance the understanding of the different elements that constitute
the research methodology as well as how they interact. Hence, a research philosophy must be
developed that directs and motivates the core research approach and techniques. Research
approaches focus on how concepts are formulated and their logical relationships, while on the
other hand, research techniques are concerned with the processes involved in collecting and
manipulating data. Lastly, it is important to establish the validation dimension of the research
methodology to ensure that the analytical outcomes are reliable and consistent. This chapter
follows this guidance providing sections that summarise the types of research philosophy,
approach, strategy (techniques) and validation used. Additionally, it describes the choices made
in the research along with in-depth justifications for such choices.

4.2 Research methodology overview
At the core of any research project is the methodology, which combines the rationale underlying
the research and the outcomes to be discussed. According to Fellows and Liu (2015), a research
methodology is “the principles and procedures of logical thought processes which are applied
to a scientific investigation”. Although researchers can choose from various different research
methodologies, it is recommended that the methodology they choose can be applied in and has
relevance for the field of study (Easterby-Smith et al., 2002). Moreover, as indicated by Morgan
and Smircich (1980), the suitability of a research methodology “...derives from the nature of
the phenomena to be explored". Thus, for the research aim to be achieved, it is necessary for a
systematic process to be implemented, and one way that this can be effectively accomplished
is by adhering to the “onion” model for research methodology (see Figure 4.1) developed by
Saunders et al. (2007). Such model proposes that there are six primary layers (onions) in a
research methodology whose relationships overlap, which are philosophy, approach, strategy,
choices, time horizon, and techniques and procedures. A detailed discussion is presented on
these elements in the following sections.
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Figure 4.1: The onion research methodology model (Saunders et al., 2007)

4.3 Research philosophy
The research philosophy is reliant on the thinking of the researcher as well as assumptions about
the development of knowledge, which subsequently impacts the manner in which the research
is conducted (Saunders et al., 2009). Nevertheless, knowledge of the philosophical viewpoint
of a specific research will ensure that the researcher is heading in the correct direction and can
also diminish the threat of ambiguity and potential for error. It was affirmed by Easterby-Smith
et al. (2002) whom acknowledged research philosophies lay the foundation for effectively
designed research, and the lack of adherence to philosophical matters can have a negative
impact on research quality. As stated by Easterby-Smith et al. (2002), in the context of social
science research, two primary research philosophies are employed: interpretivism and
positivism. Within these two philosophies there are a number of assumptions/ beliefs (Creswell
& Poth, 2016), which include ontology (the essence of reality), epistemology (what knowledge
comprises and the process of justifying knowledge claims), axiology (the role that values play
in research), and methodology (the research process). Such assumptions are defined as being
attributes of research philosophy, and the interlinking of these assumptions facilitates the
process of clarifying the research design (research approach and techniques) employed for
collecting and analysing the data, which subsequently enables valuable contributions to be
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made to the relevant literature in a suitable manner (Easterby-Smith et al., 2008; Saunders et
al., 2009), see Figure 4.2.

Figure 4.2: Interconnection between philosophical assumptions and research design

Positivism research philosophy has been defined as “an epistemological position that advocates
the application of methods of the natural sciences to the study of social reality and beyond”
(Bryman, 2016). Easterby-Smith et al. (2002, 2008) suggest that through objective methods,
the properties of the social world should be measured, rather than being inferred subjectively
through reflection, sensation, or intuition. The aim of the positivist is to develop overall laws
and theories that describe the relations within phenomena. It is contended by positivists that
there are sufficient similarities between humans and objects, meaning that the same approach
can be adopted for studying them and therefore only one path exists that facilitates a scientific
comprehension of the world (Bryman, 2003). Therefore, it is suggested by positivist research
philosophies that quantitative and experimental techniques should be employed for the purpose
of testing hypothetical-deductive generalisations.
Interpretivism has been defined as “a school of thought that focuses on the way that people
make sense of the world, especially through sharing their experiences with others via the
medium of language” (Easterby-Smith et al., 2008). Hence, it is suggested by interpretative
research philosophies that qualitative and naturalistic approaches should be utilised in an
inductive and holistic manner with the aim of understanding and explaining a phenomenon,
instead of searching for external factors or fundamental laws. In Table 4.1, the different
attributes of interpretivism and positivism research philosophies are displayed. Nonetheless,
certain research studies are conducive to both philosophical approaches as they could be
positivistic, interpretivist, or a combination of the two according to the aims and basis of the
research (Easterby-Smith et al., 2002).
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Table 4.1: Contrasting implications of positivism and interpretivism (Easterby-Smith et al., 2002)
Measuring item

Positivism

Interpretivism

The observer

Must have independence

Human interest

Should have no relevance

Is an element of what is being
observed
Is the key driver behind the science

Explanations

Must show causation

Research progress
through
Concepts

Hypotheses and deduction

Units of analysis
Generalization through
Sampling requires

Operationalisation is necessary
for the purpose of measurement
Should be broken down into
basic terms
Statistical probability

Objective is to enhance the overall
comprehension of the situation
Collecting rich data, which enables
ideas to be derived
Perspectives of stakeholders should be
incorporated
Can incorporate the complex nature of
the “whole” situation
Theoretical abstraction

Random selection of large
numbers

Limited number of cases selected for
particular reasons

In this study, as the aim and objectives require the researcher to attempt to derive conclusions
based on the responses of Jordanian contractors with respect to the factors influencing their
behaviour CWM, it is clear that this research falls mainly within the interpretivist philosophy
paradigm. This is due to the fact that this study’s nature necessitates the researcher to
comprehend, investigate and obtain Jordanian contractors’ opinions, viewpoints and
perspectives regarding the implementation of CWM behaviours. Indeed, as noted by Mason
(1996) and Easterby-Smith et al. (2002), study of humans as social beings can only be
effectively undertaken through the adoption of the interpretivist paradigm as it concentrates on
the ways in which people rationalise the world, especially through sharing their experiences
with others via the medium of language, and form meaning and social reality. Conversely,
criticisms are directed towards positivism when implemented in social science research as it is
contended that it is not possible to treat people as objects and theories which leads to definite
laws, as people are influenced by perceptions and feelings (Choy, 2014). Having considered
the philosophical stance which will be employed for this study, the next section addresses the
issue of which research approach is applicable, as recommended by Collis and Hussey (2013).

4.4 Research approach
According to past researchers, the concept “research approach” can be defined as the strategy
employed for the purpose of organising research activities incorporating the techniques used
for collecting and analysing data to achieve the aim of the research (Easterby-Smith et al.,
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2002). The strategy of research is categorised under two frequently utilised research
approaches, which are inductive and deductive research; hence, a critical aspect of any research
work is the determination of a suitable research approach (Collis & Hussey, 2013). The
following subsections presents a discussion on the attributes of these approaches, and will also
justify the strategy adopted in this research.

4.4.1 Deductive research approach
Deductive research denotes the process of testing a theory. It commences with a theory that has
already been established, continues with the formulation of a hypothesis, and then aims to
identify whether the theory is applicable to particular instances. Similarly, in this approach, the
research is informed by the theory from the beginning and the hypotheses determines the
specific evidence that the researcher should be seeking; data is subsequently gathered for either
confirming or falsifying the hypotheses (Hyde, 2000), see Figure 4.3.

Figure 4.3: Deductive research approach

Deductive research approaches are linked with quantitative techniques for collecting and
analysing data, and are favoured by researchers who intend to adopt a positivistic perspective.
This is based on the strong academic tradition whereby significant trust is placed in statistics
that denote ideas or opinions (Hyde, 2000). Collis and Hussey (2013) state that in the field of
natural sciences, in situations where researchers are aiming to identify the causal linkages
among the concepts of a hypothesis, and intend to measure on the basis of statistical measures
– “how much” and “how often” – the most frequently used approach is deductive research.
Thus, researchers are able to anticipate phenomena, forecast the likelihood that they will occur
and, thus, enable them to be controlled. Consequently, the conclusion can be drawn that
deductive reasoning involves the testing of a theory and ranges from the general (theory) to the
86

specific (observation). Furthermore, it is an approach that seems to act as a way of verifying
something instead of making new discoveries. In Table 4.2, the quantitative research approach’s
strengths and weaknesses are summarised.

Deductive (Quantitative) research

Table 4.2: Summary of the strengths and weakness of the deductive research approach
Strengths

Reference

Weakness

Reference

It permits replication
and comparison.

Hyde (2000),
Easterby-Smith
et al. (2002).

Humans are regarded as objects
(statistics) instead of based on
their beliefs and perceptions.

Queirós et al.
(2017), Choy
(2014).

The observer is
independent from the
subject being
investigated.
It facilitates the
identification of causal
explanations and
fundamental laws.
Reliability is ensured
through critical
analysis

Easterby-Smith
et al. (2002).

Insufficient resources for largescale research.

Choy (2014).

Collis and
Hussey (2013).

Lack of depth experience
description.

Bryman and Bell
(2001).

Choy (2014).

It lacks strength when utilised in
isolation as part of the discovery
process, as it enables something
to be verified instead of new
discoveries to be made

Gable (1994),
Collis and
Hussey (2013).

Short time frame for
collecting data.

Choy (2014),
Queirós et al.
(2017).

4.4.2 Inductive research approach
Inductive research is not driven by hypotheses; rather, it denotes the process of building a
theory, which is founded on the analysis of and interaction with empirical data. The researcher
searches for patterns that may exist in the data, specifically relationships between the variables,
see Figure 4.4 (Mason, 1996; Bryman & Bell, 2001).

Figure 4.4: Inductive research approach
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The inductive research approach is linked to qualitative techniques for collecting and analysing
data in order to understand a social or human issue from various different perspectives, and it
is favoured by researchers who adopt an interpretivist viewpoint. This type of approach
generally places emphasis on words and observations instead of quantifying something for the
purpose of expressing a real situation, and tries to explain individuals in natural situations
(Mason, 1996; Bryman & Bell, 2001). This is due to the fact that from the perspective of
qualitative researchers, meaning cannot be assigned to a phenomenon if the stance of the people
who it affects, is not understood, and it should also reflect the daily lives of people, groups,
societies and organisations. Indeed Wahyuni (2012) noted, as researchers carry out their
investigations within the natural setting of the phenomenon of interest, it is essential to have a
direct and in-depth understanding of the research setting through extensive and/ or sustained
contact for the purpose of achieving contextual understanding. In Table 4.3, the qualitative
research approach’s strengths and weaknesses are summarised.

Inductive (Qualitative) research

Table 4.3: Summary of the strengths and weakness of the inductive research approach
Strengths

Reference

Weakness

Reference

Perceiving social life as a
dynamic process instead of
being static; i.e., longitudinal

EasterbySmith et al.
(2002).

The process of collecting and
analysing data can be lengthier
compared with quantitative
research

Miles and
Huberman
(1994).

Provides rich and in-depth
information about the
respondent and enables data to
be collected in natural settings

Mason,
(1996),
Bryman and
Bell (2001).

Bias can affect interpretation
as the perspective of the
researcher can be influential

Miles and
Huberman
(1994), Choy
(2014).

Explains complicated
phenomena integrated into
local context or exceptional
settings

EasterbySmith et al.
(2002, 2008).

It is not possible to generalise
conclusions as there are
limited subjects and they
sometimes have distinctive
attributes in comparison to
standard respondents.

Choy (2014),
Queirós et al.
(2017).

Allow flexibility in researchrelated processes and offers
various
alternatives
for
conducting the research
Identifies potential causes of a
specific occurrence in a
different perspective to that
offered by quantitative
research

Wahyuni
(2012), Choy
(2014).

Allows the participants to be
interpreted in an unstructured
manner, respecting anything in
the participants’ context

Choy (2014).

Queirós et al.
(2017).
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Consequently, from Table 4.3, the conclusion can be drawn that inductive reasoning is an
approach founded on the formation of theories and ranges from the specific (observation) to the
general (theory). Furthermore, it is the optimal approach for discovering, investigating a new
field, and has specific benefits in terms of supplementing, validating, explaining, illuminating
or reinterpreting quantitative data collected from the same setting.

4.4.3 Justification of the adopted research approach
Collis and Hussey (2013) stated that the selection of a specific research approach rather than
others is primarily dependent on the study’s goals. Both qualitative and quantitative approaches
are focused on investigating phenomena. Nevertheless, the focus of qualitative analysis is
predominantly on identifying the variables that influence a specific phenomenon and exploring
the environment further (Bryan & Bell, 2001), whereas the main focus of the quantitative
approach is investigating the relations between the related variables and the wider consequences
(Hyde, 2000). Accordingly, qualitative research has considerable potential to generate novel
theories and concepts, whereas the main advantage of quantitative data is in situations where
theories and hypotheses have previously been developed and are being examined.
Hence, in the context of this study, the qualitative approach is deemed to be appropriate and
relevant. This is due to the fact that this kind of approach allows researchers to investigate and
understand the factors influencing the perceptions and attitudes of contractors in terms of the
adoption of waste minimisation behaviour within the Jordanian construction industry. As this
study is fundamentally concerned with human behaviours, it is only possible to achieve the
research objectives by becoming psychologically closer to the research environments, as well
as through detailed and insightful investigation and analysis. According to Mason (1996),
becoming closer to a phenomenon enhances the researcher’s understanding of that
phenomenon. The next section presents a discussion on the different types of data gathering
and analysis techniques used as part of the qualitative research approach, with a specific focus
on justifying the research approach employed in this study.
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4.5 Research strategy
From the technical perspective, various different research techniques are utilised for collecting
data, and the use of specific research techniques, according to the aim of the research, is defined
as a research strategy (Saunders et al., 2009). Such techniques are associated with the research
approach and philosophical continuum of any research. For instance, qualitative research
techniques include, but are not limited to, literature review, interviews, ethnography and
observation, action research, grounded theory, case study(s), Delphi method, and workshop(s)
(Mason, 1996; Bryman & Bell, 2001; Easterby-Smith et al., 2002). On the other hand, examples
of quantitative research techniques are secondary data (archival data), experiments and survey
questionnaires (Hyde, 2000; Collis & Hussey, 2003; Bryman, 2016). The following subsections
present a summary of various primary qualitative research techniques, with an explanation of
their strength and weaknesses as well as why they are not considered appropriate for this study.
Furthermore, the selected research strategy is assessed and justified in terms of its suitability
for achieving the study objectives, while a discussion on the characteristics, strengths and
weaknesses of each of the selected techniques is presented.

4.5.1 Ethnography and participant observation
Ethnography is a technique for collecting data that has a history stemming from the start of the
18th century through to the early 20th century (Saunders et al., 2009; Bryman, 2016). In this
technique, the researcher aspires to become highly familiar with a given group of people
through intensive involvement with the individuals in their own cultural setting (social
environment), generally for a long time period, and the results are exhibited in a distinctive
genre of ethnographic text (Baker, 2006; Watson, 2011). As stated by Baker (2006) and Naidoo
(2012), the majority of participant observation studies comprise of the following four stages:
developing relationships or familiarisation with the persons, immersion in the field, recording
data and observations, and consolidation of the collected information. Hence, it is unlikely that
ethnographic research will test a hypothesis, as such studies generally focus on discovering
social patterns, with the standard utilisation of unstructured information. Nevertheless, as a
result of PhD scheduling, and the limited time available to the researcher to undertake this
study, ethnography is deemed not appropriate. This is due to the fact that, as suggested by
Bryman (2016), the time required to observe the participants may range from 7 to 10 years to
ensure that the researcher is fully immersed within the group being studied so that they can
understand and document various attributes of the group.
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4.5.2 Action research
Action research is described as the investigation of a social scenario with the aim of enhancing
the quality of actions contained within (Costello, 2003; Koshy, 2005). In general, it is an applied
investigation aimed at acquiring detailed knowledge and determining solutions to problems that
occur in the real world (Hart & Bond, 1995). As stated by Koshy (2005), this approach requires
ongoing assessment and re-diagnosis, re-planning and the implementation of actions until a
solution is formed. The action research approach is specifically beneficial for answering “how”
questions that require control of behavioural events and concentrate on current events (Costello,
2003). Nonetheless, this approach to collecting data does have certain weaknesses; as stated by
Karim (2001), the relationship that develops between the researcher and the subject may
become too intimate. This can impact the researcher’s ability to be objectively detached from
the participants and the data, which will potentially jeopardise his/ her position and lead to
potential bias. Furthermore, the necessity to generate timely and practical findings from the
research pressurises the participants, which could lead to a lack of methodological soundness
(Argyris & Schon, 1989). In action research, the process of collecting data can be highly
complex, consisting of: forming the problem, developing an action hypothesis, implementation
and the diagnostic cycle (Karim, 2001; Costello, 2003). Moreover, in addition to the process
being lengthy, it was also suggested by Karim (2001) that action research has rarely been used
in the context of construction as a result of the requirement for the researcher to be increasingly
and intensely involved in the study. Therefore, the adoption of this technique is not deemed to
be suitable for this study.

4.5.3 Grounded theory
Grounded theory denotes the research approach in which a theory is formed based on the data,
instead of the collection of data, according to a predetermined theoretical assumption. This
technique is specifically beneficial in studies when predicting and explaining behaviour that
highlights the development and construction of a theory (Goulding, 2002). In the grounded
theory technique, the theory to be formed is founded on the data acquired from a set of
observations (Charmaz & Belgrave, 2007; Saunders et al., 2009); nevertheless, even though the
data gathering methods related to grounded theory and ethnography have certain
commonalities, they are primarily differentiated by their purpose; the aim of grounded theory
is the development of theories, while ethnography is focused on the exploration and
comprehension of a specific community or culture (Naidoo, 2012). Grounded theory is
commonly perceived to exemplify the inductive approach, due to the fact that data gathering
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commences by forming a preliminary theoretical framework. Nevertheless, it was suggested by
Charmaz (2006) that theoretical sampling should be preferred in situations where certain key
ideas have been determined. Hence, the utilisation of this approach in this study would lack
efficiency, as the theoretical foundation for understanding the factors that influence contractors’
CWM behaviours were previously determined in Chapter 3. Furthermore, grounded theory
involves a lengthy process in the collection of data, as per the ethnography approach, which is
difficult under time limitations of this PhD.

4.5.4 Case study
Yin (2009) stated that a case study comprises of an “…investigation into a contemporary
phenomenon within its real-life context …where the boundaries between phenomenon and
context are not clearly evident …and in which multiple sources of evidence are used”. In other
words, research based on a case study can be defined as the process of describing and analysing
a phenomenon in an intensive and holistic manner, which may include a programme, an
organisation, an individual, a procedure, or a social unit (Gable, 1994). Case studies are
essentially qualitative, descriptive, or explanatory, and are focused on producing or modifying
a theory; the aim is normally associated with people and the interpretation of a phenomenon
from the viewpoint of social actors. Yin (2003, 2009) posited that the case study technique is
favourable when attempting to find answers to “how” and “why” questions, when the ability to
control events is limited.
Fundamentally, case study research incorporates in-depth and rigorous examination of
individual cases and is focused on the complex nature and specific characteristics of the given
case. Nonetheless, it can additionally consist of various different cases in which the value of
the data is reliant on the number of cases that can be analysed (Merriam, 1988). The benefit of
the case study approach is enhanced when the “…investigator has an opportunity to observe
and analyse a phenomenon previously inaccessible to scientific investigation”. Furthermore,
they are beneficial for investigating phenomena that are rapidly changing, as Yin (2009, 2011)
claimed that the adaptability of the case study enables the exploration of issues as they emerged
during the process of collecting data. Nevertheless, this approach has been significantly
criticised; for example, Yin (2003, 2009) suggested that it is not sufficiently rigorous and bias
can arise. Grünbaum (2007) stated that this approach is primarily focused on comprehending
the context of the specific case, which may lead to a disregard for theoretical influences or
empirical generalisation.
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Another issue is that the process of conducting and analysing case study research can be
relatively time-consuming, and it offers minimal basis for generalising the findings to a wider
population from only an individual or limited number of cases (Yin, 2003, 2009, 2011), which
can resultantly lead to bias in the collection of data. Thus, due to the various aforementioned
reasons, the case study approach is not regarded as being suitable for this study, particularly as
this research is specifically focused on obtaining the varied perceptions and perspectives from
different participants working on diverse construction projects for the purpose of identifying
the best and most precise results for adopting CWM behaviours.

4.5.5 The adopted strategy for this study
The criteria for selecting the research approach to be applied in this study is based on the
conditions that were presented and discussed previously in section 4.4.3, where the research in
question is formulated on the basis of a “what” and “why” kind of research problem. The next
subsections present a combination of methods (i.e., literature review, Delphi interview and
workshop), which are deemed suitable for achieving the aim and objectives of this study. The
characteristics of all of the selected techniques along with their strengths and weaknesses is
discusses and justified.

4.5.5.1 Literature review
An important aspect of all research studies is the literature review due to the fact that it uncovers
existing and widely acknowledged facts pertaining to the situation in question (Hart, 2018).
Additionally, a literature review allows theories or models that have been previously used by
researchers within the discipline to be identified and understood (Yin, 2009). This facilitates
the process of identifying an issue in the field that has not been resolved, which will
subsequently become the primary concern of the research. Furthermore, it ensures that the
researcher does not duplicate the work of past studies and motivates him/ her to concentrate on
information sources with greater specialisation (Bryman & Bell, 2001). Moreover, some of the
benefits of utilising secondary data collected from a review of the literature includes a reduction
in the length of the research process as well as the cost of acquiring knowledge. Nevertheless,
a shortcoming of secondary data is that it can be dated, and may not be suitable for the exact
requirements of a specific research problem. Also, secondary data in isolation is unable to
satisfy the particular demands of specific situations, issues or environments, and it is imperative
that primary data is obtained to resolve this deficiency (Randolph, 2009). Hence, it is important
that the selection of the literature and data to be examined is made in a careful manner.
93

In the context of this study, a broad review of primary, secondary and tertiary sources was
conducted in the research field, which incorporated books, articles, conference proceedings,
reports, PhD theses and websites. The literature review presented in Chapter 2 conveyed a
general overview of CW (quantities, types, and causes) as well as the activities targeted at
CWM. On the other hand, the studies examined in Chapter 3 offered evidence to describe
contractors’ behaviour as well as the factors that influence their stance regarding the adoption
of CWM. The acquisition of this data enabled the construction of a theoretical foundation for
this study, which will be employed for developing the initial BF that can direct Jordanian
contractors in effectively implementing CWM.

4.5.5.2 Interview
An interview consists of a meaningful conversation among two or multiple persons (Marshall
& Rossman, 2014). It is an open-ended technique focused on discovery with the objective of
exploring the perspectives, feelings and viewpoints of the respondent(s) in great depth (Guion
et al., 2001). Similarly, according to Boyce and Neale (2006), an interview is a qualitative
research method intended to extract a clear understanding of the respondent’s viewpoint of the
research subject. In this technique, separate in-depth interviews are conducted with a limited
number of respondents for the purpose of exploring their viewpoints regarding a specific
concept, programme or scenario. The use of interviews provides two primary benefits when
collecting data: firstly, it allows the researcher to obtain in-depth and meaningful information
regarding a specific field; secondly, fewer participants are required to generate beneficial and
pertinent insights (Guion et al., 2001; Queirós et al., 2017). Nonetheless, it is important that the
interviewees are selected carefully to prevent bias; furthermore, the process of analysing the
data can be time-consuming in terms of transcribing the interviewee’s discussions into verbatim
(Queirós et al., 2017). Interviews can vary with regard to the a priori structure as well as the
flexibility the interviewee is afforded when replying to questions; thus, interviews can be
grouped into the following categories:
▪

Structured interviews: This involves the use of questionnaires founded on a preestablished and standardised or uniform group of questions. The person conducting the
interview asks each question and then notes the reply on a standardised schedule, generally
using pre-coded answers. When asking the questions, they adopt the same voice intonation
to ensure that bias does not occur (Boyce & Neale, 2006).
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▪

Semi-structured interviews: Neither semi-structured nor unstructured interviews have any
form of standardisation. When conducting a semi-structured interview, the researcher
prepares a series of themes and questions that will be included. Although the researcher
should be prepared with certain-pre-determined questions to ask when interviewing, they
must also allow questions to flow naturally based on the information provided by the
interviewee. The researcher should not insist upon asking specific questions in a specific
order; furthermore, after observing non-verbal behaviours during the interview process, the
researcher should immediately record them in their field notes (Mack, 2005; Boyce &
Neale, 2006; Marshall & Rossman, 2014).

▪

Unstructured interviews: These types of interviews lack a formal structure. They are
generally used by researchers to investigate a general subject of interest in greater detail. In
such situations, the researcher does not have a pre-set list of questions to follow, although
they should have a clear understanding of the areas that the interview should cover. The
interviewee is provided the chance to openly discuss events, behaviours and beliefs with
regard to a particular subject, which means that this kind of interaction is often named nondirective. It is alternatively defined as an informal interview as the interview’s flow is
guided by the perceptions of the interviewee (Easterby-Smith et al., 2002; Boyce & Neale,
2006).

For this study, the semi-structured interview technique will be used as the tool for collecting
data in the main research investigation method, as part of the Delphi technique (section 4.5.5.3).
This type of interview technique is to be utilised for the purpose of qualitatively exploring the
viewpoints and perceptions of the Jordanian contractors regarding the adoption of waste
minimisation behaviours in construction projects, and to substantiate the list of factors
determined by the review of the literature (see section 3.4). This method is chosen due to its
comparative informality in terms of style, as well as the freedom it provides the interviewees
to discuss the subject and give their opinions according to their own schedule. Hence, it is
believed that the semi-structured interview method would be capable of extracting more useful
data compared to structured or unstructured interviews, with regards to the perceptions of
Jordanian contractors regarding the factors influencing their behaviour towards CWM.
The procedure that will be followed when performing the semi-structured interviews is the same
as the general process used in other interviews: planning, instrument development, data
collection, data analysis and dissemination of findings (Boyce & Neale, 2006). Mack (2005)
separated the process of conducting the interview into three main steps: interview preparation,
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performing the interview, and analysis of the interview. Nevertheless, the most wide-ranging
separation was suggested by Kvale (1996), who defined seven main stages involved in the
process of performing semi-structured interviews, namely thematising, designing, interviewing,
transcribing, analysing, verifying, and reporting; a brief summary of each of these stages is
provided below along with implementation strategies as with which will be followed as part of
this study:
▪

Thematising: This is the initial stage in the interview process in which the researcher
provides clarification for the purpose of the interviews and establishes what he/ she aims to
discover. After deciding on the overall purpose, the researcher can identify primary data
that should be collected through the in-depth interview process based on the determined
needs.

▪

Designing: After determining the information that he/ she wants to discover; the researcher
must devise a method of achieving this. An integral aspect of this process is the development
of an interview guide, which is comprised of a series of questions and probing follow-ups
that direct the researcher when conducting the interview. In the preparation of such a guide,
the researcher should anticipate and arrange the issues they intend to examine. The
interview guide allows the researcher to remain focused on the objectives; ensures that
significant matters/ subjects are evaluated; structures and sequences the questions; and
maintains consistency when performing interviews with varied respondents. However, a
pilot questions are often deemed necessary for the researcher in order to review the extent
to which the questions are representative and suitable. further, if warranted by the
discussion, the researcher must be prepared to shift their approach or pursue a different
approach when conducting the interview by making amendments to the interview schedule.

▪

Interviewing: This is the part of the process in which the interview is performed, and is
comprised of three stages: initiating the interview, the main body of the interview, and
interview closing. In the initial stage, the researcher and the study are introduced. It is
essential that a good rapport is established between interviewer and interviewee, and that
the interviewee feels comfortable. During the interview process, the researcher is primarily
responsible for listening and observing as he/ she directs the interviewee through a
discussion until all of the key issues listed in the interview guide have been covered.
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▪

Transcribing: In this stage, the researcher creates a written transcript of the interviews.
This incorporates the collation of the researcher’s information collecting techniques into a
single written form. Hence, the researcher transcribes every question and response verbatim
from the interview based on audio recordings and written notes, which can include side
notes, observations, feelings and reflections made by the researcher. The main difference
between side notes and the respondent’s notes is that text is generally highlighted in the
former. Finally, the transcribed information is reviewed by the researcher, who determines
the aspects that have importance according to the study aims.

▪

Analysing: In this stage, the meaning of the information collected with respect to the study
purpose is determined. The researcher studies the information deemed to search for themes,
commonalties and patterns for the purpose of making sense of the information. In the event
that further questions emerge that need more clarification to serve the study purposes, then
an additional in-depth interview is necessary to investigate the matter more extensively.

▪

Verifying: In this step, the collected information is check to ensure that it is credible and
valid. A technique defined as “triangulation” is utilised for the purpose of checking and
balancing by employing numerous perspectives to interpret an individual set of information.
For instance, if the research is focused on the result of a parenting lesson on enhancing the
communication between parents and children, the researcher should conduct interviews
with parents who participated in the class, the children and spouses/ partners, where
applicable. If the responses of all those interviewed are largely analogous, then the evidence
would tend to indicate that credibility and validity are ensured. An additional simple method
of triangulation is where a peer reads the transcripts to determine whether he/ she derives
the same general meaning.

▪

Reporting: In the last stage of the process, the researcher shares the information they have
obtained from the interviews with different internal and external stakeholders. The reporting
could be in written form, which may include achievements or any needs based on the
evaluation of the findings, or it could be delivered orally. Irrespective of the method used
for sharing the information, the critical issue is that it must be shared.
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4.5.5.3 The Delphi technique
The Delphi technique is described as a forecasting structured method used to elicit and refine
the opinions of a specific group, generally comprised of experts (Brown, 1968). It is a process
that involves repetition focused on collecting and refining the judgements of experts regarding
a specific topic based on the findings of multiple rounds of questions, concentrating on
problems, opportunities, solutions or forecasts, with feedback included. The anonymous
responses given by the experts are collated and disseminated to the panel subsequent to each
round of questioning; essentially, the findings from each round of questions develop the
subsequent one. This process is completed after the panel of experts has reached a consensus
regarding the specific topic (Skulmoski et al., 2007). Hence, the combined judgment of the
experts in the Delphi technique, even though it is comprised of subjective opinions, is regarded
as having increased reliability compared to individual statements and therefore, the outcomes
have more objectivity (Linstone & Turoff, 1975, 2011; Landeta, 2006). As stated by Rowe and
Wright (1999, 2011), the key aspects of the Delphi technique can be listed as: it is a repetitive
procedure that comprises a certain number of rounds; the experts’ identities remain anonymous;
controlled feedback is provided after each round of questions; statistical group response due to
the fact that the final reply is comprised of all the opinions.
The Delphi technique has been broadly adopted across the globe in numerous different fields,
such as in healthcare, business, IT, education, transportation and engineering. It has been
demonstrated to offer benefits in terms of cost and time (Iqbal & Pipon-Young, 2009). Multiple
researchers have proposed that when purely acquiring qualitative data, the Delphi technique is
the suitable choice (Landeta, 2006; Skulmoski et al., 2007; Rowe & Wright, 1999,2011;
Linstone & Turroff, 2011; Kezar & Maxey, 2016). The iterative nature of the Delphi technique
enables experts who have diverse perspectives and distinct cognitive abilities to refine their
opinions based on the progression of the group’s work as the rounds proceed (Skulmoski et al.,
2007). Furthermore, the process also affords Delphi experts increased time to deliberate on their
ideas prior to finalising them, which enables higher quality responses. As the Delphi experts
remain anonymous, they have the freedom to convey their views without feeling pressured to
adhere to the opinions of other experts due to the fact that decisions are assessed based on merit
instead of the person who proposed the idea (Rowe & Wright, 1999; 2011).
Furthermore, Iqbal and Pipon-Young (2009) noted that as the Delphi technique is flexible and
adaptable, it can be implemented in various different situations and to a broad scope of
complicated issues that can generally not be analysed using other approaches. For example, the
Delphi technique can be employed as a structured procedure that incorporates a combination of
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qualitative, quantitative or mixed research methods. Not only does this adaptability allow the
technique to find answers to research questions, but it also makes it compatible with the
capabilities and proficiencies of numerous researchers and participants (Kezar & Maxey, 2016).
Hence, according to the multiple and important benefits offered by the Delphi technique, and
in line with the aim and objectives of this study, this technique will be selected as a suitable
primary research method for investigation, incorporating semi structured interviews as the data
collection tool. This is due to the fact that the findings will provide a more informed perspective
on the present and potential status of the factors influencing the behaviour of Jordanian
contractors towards CVM.
Nevertheless, all research techniques have strengths and weakness. According to Garrod
(2008), it is possible that collusion may occur, although Delphi should not accept connived
findings and all suggestions of such a possibility should be excluded from the research.
Goodman (1987) demonstrated that the use of inadequate methods to summarise and present
the responses of the group can make the process of analysing the data less accurate. An
additional deficiency is the time factor; for example, Rowe and Wright (2011) suggested that
using Delphi can be inefficient when the researcher lacks the time to suitably revise the
questions during each subsequent round in order for appropriate and sufficient feedback to be
given based on the experts’ responses. The aforementioned limitations and shortcomings can
cause a Delphi study to have poor design and execution, which will ultimately generate
insufficient or false data and, therefore, requires great consideration. The following subsections
offer an in-depth explanation of the characteristics, conduct and process of executing the Delphi
technique, including the level of consensus, the process of selecting the panel of experts, the
design of questions in the Delphi rounds and the method for analysing data.

4.5.5.3.1 Delphi design and consensus
As noted earlier, the Delphi technique utilises a combination of problem solving and expert
consultation approaches in an organised way. In Figure 4.6, the series of processes executed in
the Delphi technique is demonstrated, which aid in the research questions being answered, at
which point information is shared and a level of consensus is achieved (Skulmoski et al., 2007).
As stated in previous studies on this subject, a consensus is achieved after a certain number of
executed in the Delphi process (Hsu & Sandford, 2007). For example, Rowe and Wright (2011)
and Linstone and Turoff (2011) suggested that two or three rounds is adequate for the majority
of studies. Whereas Skulmoski et al. (2007) claimed that in many studies, at least three or four
rounds of interviews are necessary to reach a consensus. Nevertheless, they advised that in cases
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where the sample is homogenous, then less than three iterations may be enough for a consensus
and theoretical saturation to be reached.
Nonetheless, the degree to which experts agree, which can be defined as a consensus, generally
ranges in different studies from 70% as recommended by Hasson et al. (2000) or 80%;
furthermore, according to both Giannarou and Zervas (2014) and Heiko (2012), it is important
to achieve a response rate in excess of 70%. Different authors (e.g., Hsu & Sandford, 2007;
Heiko, 2012; Clibbens et al., 2012) claimed that the degree of consensus can be categorised
into three groups: low, medium, and high consensus (see Figure 4.5). Hence, in this Delphi
study, a consensus is deemed to have been reached with regard to a statement, when a level of
70% or higher is achieved.

Figure 4.5: Consensus ranking in the Delphi technique
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Figure 4.6: The Delphi process in this study

4.5.5.3.2 Panel of experts’ selection and sampling technique
When using the Delphi technique, the expert panel (additionally called participants, panellists
or respondents) can include any person with pertinent experience and knowledge of a specific
subject. Nevertheless, the ideal number and qualifications of the panel of experts are dependent
on the setting and objectives of the given study (Oranga & Nordberg, 1993). Likewise, Hasson
et al. (2000) observed that the likelihood that a Delphi study will be successful primarily
depends on the participants’ quality. They indicated that a crucial factor when utilising the
Delphi technique is choosing the right experts as they are pivotal for the study’s success.
As this study focuses on understanding the behaviour of Jordanian contractors towards CWM,
the experts’ panel was therefore selected from construction companies who would appear to
have the required knowledge and/ or experience in construction. There are four “expertise”
criteria that the Delphi participants should satisfy: (I) knowledge and experience of the topic
being investigated, (II) the ability and willingness to participate in the Delphi study, (III)
sufficient time to participate and (IV) the proficiency to communicate effectively (Adler &
Ziglio, 1996). As for the first inclusion criteria, a person is deemed fit for the study if their job
description falls under the following:
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•

Experience of working in the Jordanian construction industry must be greater than five years
and the expert must have worked in both private and public projects. This is to ensure that
the selected experts had adequate knowledge and experience of the subject in a variety of
projects, as each private/ public sector project sometimes requires different construction
techniques and standards.

•

Experience of working in medium to large-size projects in terms of budget. According to
the Ministry of Public Works and Housing of Jordan (2020), medium and large-size projects
are defined as those that have a budget exceeding 400,000 JOD. This is to ensure that the
selected experts had experience in construction projects which involve technological
methods, as most medium to large projects in Jordan depend to some extent on
technological construction methods (i.e., LWTs) in addition to the traditional ones. In
addition, such sized projects have a greater impact on the production of CW than small
projects.

With regards to the rest of the inclusion criteria, the experts must have a sufficient level of
interest and involvement in the topic being investigated to increase the commitment and
response rate, as the level of participation commitment in a multi-round Delphi can be inferred
from the response rates from round to rounds (Keil et al., 2002). Skulmoski et al. (2007) claimed
that real experts in a field offer significant insight; however, due to their other commitments,
their complete participation may not be guaranteed, which means that well-formulated
questions that engage their interest and are to the point can motivate them to participate.
Notably, the project type and location were not considered as part of the inclusion criteria. This
is because the nature of the built environment is labour intensive and, consequently, waste is
generated in all types of projects. Al-Sari et al. (2012) indicated that the labour-intensive nature
of construction activities suggests that behavioural impediments are likely to influence waste
levels significantly Additionally, Jordan is a small country and the culture, uptake and
challenges in the built environment are similar across the different parts of the country.
A purposive sampling technique (Merriam, 1998) or judgement sampling (Mills & Gay, 2019)
was followed when contacting panellists for the study to select the most appropriate experts.
This sampling technique is one of the most effective techniques for a qualitative research
(Patton, 1990), as it allows researchers to freely select information-rich participants to gain an
insightful and in-depth understanding of the phenomenon under investigation. However, the
group of participants were selected based on critical sampling, which ensures that a
comprehensive list of participants with a diversity of experience, knowledge and perceptions,
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are involved. This sampling technique was used based on Mills and Gay (2019) assertion that
it ensures optimum quality of the information provided as well as logical applicability of the
finding to other cases. As such, lead manager, project manager, site manager, foremen and
labourer were involved in the experts panel interviews. One major source that assisted in
reaching out to the research participants was the Jordanian Construction Contractor Association
(JCCA) which is a certified construction professional and network including a database of the
leading construction companies in Jordan.
The sizes of expert panels in Delphi studies can differ and it is contended that there is no set
rule or ideal number of experts necessary to create a panel. In previous studies, the size of the
Delphi panel has ranged from the tens to hundreds (Rowe & Wright, 2011). The process of
determining the size is dependent on the essence and scope of the research and, to ensure that
satisfactory accuracy is achieved in a Delphi study, the minimum size of the panel should be at
least between 4 and 7 according to Thangaratinam and Redman (2005). They contended that
regardless of the number of experts, it cannot be regarded as one of the standpoints of a
statistical sample size due to the fact that the Delphi technique is not targeted at a random
sample from a population. This was supported by Skulmoski et al. (2007), who suggested that
between 10 and 15 experts is sufficient for a homogenous group. Furthermore, it was observed
by Hasson et al. (2000) that researchers believe that the number of experts should be minimised
to the greatest extent possible provided that they sufficiently represent the opinions in the field
of interest.

4.5.5.3.3 Round 1 design
The first round of the Delphi technique provides the individual experts with relative freedom to
elaborate on the areas they perceive to have importance regarding a defined topic. The experts’
responses are subsequently collated so that those opinions that are similar can be allocated
together. In some cases, the aim of the first round of Delphi is to brainstorm (Schmidt, 1997).
As previously mentioned in section 4.5.5.2, semi-structured questions are employed, which
allow the respondents to express their views in a manner of their choosing. This approach to
questioning is deemed to be appropriate as the direction given to the respondents is minimised,
while it also removes the necessity for the researcher to predetermine suitable categories for
responses, which allows the formation of groups of similar responses where required
subsequent to collecting the data (Marshall & Rossman, 2014).
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The process of developing the primary questions of the Delphi should be carefully implemented
due to the fact that if a question is not understandable by the experts, their answers may not be
suitable and/ or this could be a source of frustration (Skulmoski et al., 2007). The questions in
the first round are generally based on an in-depth review of the literature, consultation with
associated persons and take the objectives of the Delphi study into account (Iqbal & PiponYoung, 2009). In the majority of studies, the first-round questions involve a free-flowing and
unstructured or semi-structured exploration of the various issues, constraints, difficulties and
problems that impact or are impacted by the elements within the study domain (Linstone &
Turoff, 2011).
In this Delphi study, the literature review presented in Chapter 2 (section 2.4.3) and in Chapter
3 (section 3.4), offered evidence to describe contractors’ behaviour as well as the factors that
influence their stance regarding the adoption of CWM. This has enabled the researcher to
construct a theoretical foundation for this study, of which the Delphi interview questions are
derived from the related literature in line with the objectives of the research. Accordingly, a
combination of 11 open-ended questions (see Appendix 2) were formulated and designed to
collect the required data based on the list of factors in section 3.4. These questions allow the
experts to elaborate on the list of the factors, in addition, it aids in identifying additional factors
influencing the behaviour of contractors towards CWM in Jordan. Indeed, as discussed by
Cassell and Symon (2004) and Waring and Wainwright (2008), certain codes (i.e., factors
influencing CWM behaviour) are generally a priori based on the theoretical stance of the
research (i.e., section 3.4), but can be altered or expanded during the process of reading and
interpreting the texts.
In certain circumstances, a pilot study is performed with the objective of verifying and
modifying the Delphi questions to enhance comprehensibility and to resolve any procedural
issues. This makes the questions more valid and reliable while also ensuring their
appropriateness and terminology for the purposes of identifying any additional deficiencies and
to apply any modifications necessary (Van Teijlingen & Hundley, 2001). This is also
recommended by Saunders et al. (2009) and Clibbens et al. (2012), asking an expert, or a group
of experts, to comment on the representativeness and suitability of the questions as well as the
structure of the research instrument in the initial stage.
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The interview schedule was first translated from English into the Arabic language to ensure
experts’ full understanding of the content. Subsequently, feedback was obtained from a total of
four construction professionals working in a construction company in Amman/ Jordan. Notably,
these professionals were chosen based on having extensive experience in construction and a
strong ability to understand and speak the English language. Their feedback, which was fully
taken into consideration and subsequently incorporated in the final interview schedule of the
first round, is as follows: (I) some questions were long and needed to be shortened or broken
down into more than one question; and (II) some of the Arabic terminologies used in the
questions were difficult to understand, overly technical and/ or academic, and should be
rephrased in simpler wording. However, the translation of the source-language terms (i.e.,
English terms) in the target-language text (i.e., Arabic text) proved to be challenging, as the
researcher was careful that the translated Arabic language text is enlightening to the reader in
that they reflect source image in a genuine and correct manner without losing its credibility.
For more certainty, during the interview the researcher made sure to explain any question where
necessary in order to receive adequate responses from the experts without any
misunderstanding. With regards to translating the results of the interview in to the English
language, it was less challenging giving that the researcher is close to the topic being
investigated with a clear understanding of its aim and objectives. However, the medium of
spoken and written language of the experts’ responses concerning Jordanian construction
culture raised some concerns in terms of the degree that the researcher believe is now acceptable
and reliable reflecting the genuine image of the responses. As expressed by Temple and Young
(2004), centring translation and how it is dealt with raises issues of representation that should
be of concern to all researchers.
The results of the Round 1 questions will then be analysed according to the research qualitative
paradigm. There is no standardised method for analysing qualitative data as researchers often
create their own data analysis methods (Saunders et al., 2009). This is due to fact that qualitative
data is frequently subjective, rich and is comprised of detailed information generally displayed
as words. Hence, when analysing qualitative data, it is often necessary to read a significant
volume of transcripts to identify commonalities or distinctions, and then determine themes and
develop categories (Wong, 2008). One of the most common and robust methods for the analysis
of qualitative data is named Template Analysis and was originally developed by King (2004).
This is a kind of textual analysis that concentrates on the textual content for the purpose of
describing a phenomenon. The fundamental nature of this this approach to analysis is that the
researcher generates a list of code “templates” that represent themes extracted from the textual
data.
105

As stated by Plas et al. (1996), in the coding process, data is broken down, examined,
conceptualised, contextualised and categorised in order to produce novel ideas, categories and
theories from the phenomenon investigated. According to Ryan and Bernard (2000) “coding is
the heart and soul of whole text analysis”. Consequently, Template Analysis is utilised for
making inferences from data to their context that can be replicated and are valid; to identify the
beliefs, values and behaviours, and other aspects of cultural influence. This incorporates the
creation of codes based on the identification of important patterns and subsequently extracting
meaning from the data and the construction of a logical chain of evidence, Figure 4.7 (King,
2004; Wong, 2008).
However, presenting the results of the first round should be in ranked order; according to the
frequency of occurrence of the identified code within the text, as according to Schmidt (1997);
it is common for the results of the first round to be ranked and rated. This enables the researcher
to create a list, or multiple lists of ranked information, on the basis of which those responsible
for making decisions in senior management could apply different criteria when making a
decision. Subsequent to analysing and summarising the responses given in the first round, the
findings are then presented to the panel of experts for further deliberation and to reach a
consensus, in the following round.

Figure 4. 7: Data analysis process in King’s method
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4.5.5.3.4 Round 2 and subsequent rounds’ design
The responses given in the first round form the basis of the development of the questions for
the second round of interview and according to the objectives of the research, the study focus
may be directed by the research or the experts’ opinions (Skulmoski et al., 2007). Round 2
essentially involves the verification of the pre-established of factors (i.e., codes) analysed in the
first round; hence, the number of factors included in the list is often reduced in this round
(Schmidt, 1997). Therefore, after the second round and subsequent rounds, the panel of experts
has the chance to modify previous estimates based on the feedback provided. This process is
repeated until there is consensus in the responses given by the experts for each of the factors.
Consequently, from the second round onwards, all questions are also semi-structured as the
experts are initially provided with the chance to review their responses given in Round 1 and
are additionally given the opportunity to modify or add to their first-round responses (Hsu &
Sandford, 2007). The process used to analyse the data in Round 2 and following rounds is
frequently similar (Skulmoski et al., 2007).

4.5.5.4 Validation workshop
Validity is related to the degree to which the research findings are reflective of the concept,
theory or variable being studied in the social reality. In other words, validity denotes the
effectiveness of an instrument (e.g., framework, theory or model) in terms of whether it
achieves its measurement purpose (Creswell & Poth, 2016). Research findings alone is not
sufficient, as the reliability and validity of the measures must also be ensured. As stated by
Creswell and Miller (2000), when regarded as constructs and interpretations of the researcher,
research findings can thus be validated by determining the perspective of a different party who
may or may not have direct involvement in the study. This is based on the philosophical
assumption inherent to qualitative research that reality is a social construct.
Universal standards do not exist in terms of the selection of test processes or criteria to be
utilised for validation as they can vary based on the research approach (qualitative or
quantitative). In quantitative researches the testing for validity and reliability is a given, which
means that it is possible to assess the credibility of such researches (Hammersley, 2008). This
was supported by Guba and Lincoln (1989), who argued that the set of criteria for assessing the
quality of an investigation is only applicable to investigations founded on the positivist ontology
and epistemology. In terms of qualitative studies, consensual criteria for validation do not exist,
as these types of studies are criticised for their subjectivity, lack of replicability or
generalisability and insufficient transparency (Bryman, 2012). In fact, Hammersley (2008)
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suggested there are no criteria whatsoever that can be utilised for assessing the quality of an
investigation with complete certainty; instead, a knowledge claim can only be assessed based
on the likelihood that it is correct. Consequently, it has been argued by researchers that in
qualitative studies, it is the opinions and viewpoints of the participants that provide validation
instead of the utilisation of quantitative logical instruments and extrapolations, including
internal/ external validity and content validity (Rykiel Jr, 1996).
Workshops are specifically appropriate for qualitative assessment and validation processes,
where Cohen et al. (2013) and Cresswell and Poth (2016), claimed that workshops are
acknowledged to be significantly interactive and experiential methods of collecting data and
validating in qualitative studies. Cassell and Symon (2004) considered a workshop to be an
effective qualitative technique for providing validation, which involves multiple participants
who discuss their experiences, viewpoints, opinions, beliefs and attitudes regarding subjects
that are decided by the researcher. Similarly, a workshop was described by Bryman and Bell
(2001) as a type of group interview where: there are multiple participants (in addition to the
moderator/ facilitator); emphasis is placed on questions pertaining to a relatively strictly defined
subject; and the focus is on interacting with the group and the collaborative formation of
meanings. It is important to note that no responses are correct or incorrect in a workshop due
to the fact that all opinions are considered valid as the objective of conducting a workshop is to
identify the most commonly held views and to clarify their meaning for the suggested topic to
be validated (Rubin & Missokia, 2006). Therefore, the workshop method will be employed in
this research to help with validating the results of the Delphi study for commenting and
criticising.
In this study, the workshop schedule incorporates the agenda and questions (see Appendix 5)
which is designed to make the participants comfortable with the subject area and focus their
attention on the topics to be investigated. Therefore, the workshop schedule is classified into
two main themes: firstly, the workshop attendee’s experience of CWM implementation and,
secondly, the validation of the BF. The workshop adopted a semi-structured discussion
approach to allow the researcher to gather in-depth data from which new concepts may emerge.
All feedback, debates and discussion points during the workshops were audio and manually
recorded by the researcher. Recordings were transcribed verbatim for analysis. However, it
should be noted that transcriptions were time consuming since the researcher had to listen to
the tape repeatedly in order to transcribe all accounts and to ensure that nothing important was
missed.
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The workshop questions were subjected to a pilot testing as recommended by Saunders et al.
(2009), an individual or group of professionals can be asked to review the extent to which the
questions are representative and suitable. The questions were first translated from English into
the Arabic language to ensure participants’ full understanding of the content. Subsequently,
feedback was obtained from the same four construction professionals who were involved in the
pilot testing for the Delphi interview questions in Chapter 5. Their feedback, confirmed the
appropriateness and suitability of the workshop questions for achieving the objectives of the
study, thus, no changes were required.
The selection process for this workshop participants followed the same inclusion criteria as
employed in the Delphi study (see section 5.2.1). This is to provide continuity of discussion to
the research in order to confirm and augment the findings from the Delphi study. Following the
same procedures in the Delphi study, the researcher used the same lists of employees in leading
construction companies as per a list provided by the Jordanian Construction Contractor
Association (JCCA). However, the names of the employees who participated in the Delphi
study were excluded in order to obtain the viewpoint of another party as well as to increase the
accuracy of the results and assess the validity of the proposed framework, as explained above.
With regard to the ideal sample size, Robson and McCartan (2016) advised that there is no
definitive answer to this question due to the fact that the sample size can be influenced by a
variety of factors, including the participants’ accessibility, the resources that the researcher can
access, and the practical feasibility of processing the transcripts, specifically with respect to
qualitative questions that are open-ended. This is confirmed by Rubin and Missokia (2006) who
revealed that the number of people who participate in a workshop can vary. Krueger and Casey
(2000) stated that the utilisation of a group of four to six participants, or slightly above, who
have analogous backgrounds, attitudes and behavioural patterns is recommended when
conducting workshops. The analysis of the workshop results often follows the process of
coding, such as in the Template Analysis technique. This include patterns shaped by words,
defined as themes or perspectives (Creswell, 2000); therefore, a similar approach to the Delphi
study of thematic/ coding analysis (as discussed in section 4.5.5.3.3) is utilised to generate
descriptive information as well as to identify patterns in the responses given by the participants
during the workshop.
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4.6 Conclusion
The aim of this chapter was to discuss and justify the main conceptual and methodological
design approaches that are critical for accomplishing this study’s aim and objectives. Section
4.2 demonstrated an overview of the research methodology, which directs the logical
implementation of this research. Accordingly, inductive research approach is deemed to be
suitable for the study in which the qualitative research strategy is selected for the purpose of
identifying and understanding the factors influencing the behaviour of Jordanian contractors
towards CWM, as well as to validate such factors in the Jordan context. The next chapter will
explain the implementation process, data gathering and analysis of the primary investigative
method, Delphi technique, for the development of the BF.
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Chapter 5
Results of The Delphi Study
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5.1 Chapter overview
Following the research methodology discussed in Chapter 4, this chapter presents the process
of the Delphi study formulation and a discussion of the results. It begins with a description of
the background of the Delphi study which includes the study schedule and selection process of
the expert’s panel pertaining to this study. Following this, the analysis and findings from two
rounds of the Delphi study is presented. Finally, the conclusions and a summary are provided
which will feed into the development of the BF.

5.2 Delphi study process and schedule
Conducting high-quality Delphi interviews requires the designing of an interview schedule
involving the selection of a qualified panel of interviewees (i.e., panel of experts); developing
relevant questions to meet the research aim and objectives; testing them to make sure they can
be used to measure the intended purpose; and converting them into an easy format so
respondents can understand them and participate effectively (Boyce & Neale, 2006).
The application of the Delphi technique in this study consisted of two rounds of questions which
were administered from March, 2019 to June, 2019. Face-to-face semi-structured interviews
were conducted with twelve experts in Round 1 and ten experts in Round 2 (two experts did
not attend in Round 2). The interview schedule was first translated from English into the Arabic
language by the researcher and was then reviewed by the pilot experts for clarity (discussed in
section 5.2.2). The reason for this was to support the experts’ convenience and full
understanding of the content as Arabic is their first language. The interview sessions in both
rounds lasted between 45 and 60 minutes. The first-round sessions began with the researcher
introducing himself to the interviewee, stating his position, the research aim, objectives and the
ethics of the research as well as the provisions made for protecting the interviewee’s privacy.
This informal beginning gave the interviewee confidence and built-up trust in order to ensure
that the interviewee felt able to freely and fully answer the interview questions. During this
time, the researcher recorded the interviewees’ responses by taking hand-written notes
supplemented with a tape-recording, with the interviewees’ consent, which would be
transcribed afterwards to ensure no findings were missed in the analysis. Further, the researcher
explained any question where necessary in order to ensure adequate responses from the
interviewees without any prompting and/ or misunderstanding. The following subsections
present the selection process of the expert’s panel and the design of the questions in both rounds
of the Delphi study.
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5.2.1 The selection process of the experts’ panel
Prior to the interviews, the researcher contacted ten of the leading construction companies in
Jordan (in terms of revenue) as per a list provided by the Jordanian Construction Contractor
Association (JCCA) in 2019. Each company was asked to nominate a list of their employees
working on construction sites whom they believed met the inclusion criteria above. However,
it was optional for the company to engage and provide a list of employees; if there was no
response, another company would be contacted from the list. Subsequently, the researcher
randomly chose five potential participants from the list of various disciplines (i.e., lead
manager, project manager, site manager, foremen and labourer) in each of the ten companies.
This was to ensure a comprehensive list of participants with a diversity of experience,
knowledge and perceptions, as each discipline of employees usually had different roles and
responsibilities, which in turn, would ensure optimum quality of the information provided.
A total of 50 potential participants were contacted as the sample population and invited to take
part in this Delphi study (see Table 5.2). A letter of invitation was sent out containing an
information sheet explaining the purpose and process of this study as well as a consent form
and a short questionnaire which included a list of questions to ensure if the potential participants
met the aforementioned inclusion criteria (see Appendix 1). A total of 28 participants responded
and agreed to participate, equating to a 56% response rate. However, based on the responses
received from the short questionnaire, only 12 experts were considered as the correct sample
who had completely satisfied the aforementioned inclusion criteria to participate in this Delphi
study. During the second round of administering the Delphi study, one project manager and one
labourer practitioner expert did not partake, which made a total of ten expert participants. Table
5.1 demonstrates the profiles of the 12 experts who participated in this Delphi study. However,
due to issues of confidentiality and anonymity, the experts are not named in this study and are
instead given codes (e.g., E1, E2, etc.) to aid identification.
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Table 5.1: Profiles of the 12 participating experts in the Delphi study

Name

Education level

Experts discipline
group

E1

MSc in Civil engineering

E2

Position held

Experience
(years)

Lead manager

Round 1
response
✓

Round 2
response
✓

BSc in Civil engineering

Project manger

✓

✓

25

E3

MSc in Material engineering

Project manger

✓

×

15

E4

BSc in Architect

Project manger

✓

✓

10

E5

BSc in Civil engineering

Site manager

✓

✓

7

E6

BSc in Structural engineering

Site manager

✓

✓

9

E7

BSc in Quantity surveying

Foremen/supervisor

✓

✓

7

E8

BSc in Quantity surveying

Foremen/supervisor

✓

✓

8

E9

High school

Labourer

✓

✓

12

E10

Industrial Diploma

Labourer

✓

✓

10

E11

Technician Diploma

Labourer

✓

✓

10

E12

High school

Labourer

✓

×

5

32

Table 5.2: Number of experts participating in each round of the Delphi study
Expert group

Number of invitations
10

Number of experts in
Round 1
1

Number of experts in
Round 2
1

Lead manager
Project manager

10

3

2

Site manager

10

2

2

Foremen/supervisor

10

2

2

Labourer

10

4

3

Total

50

12

10

5.2.2 Round 1 and 2 questions and analysis
The aim of the first round of the Delphi study is to gather and elicit the opinions of the experts’
panel on the factors influencing the behaviour of contractors towards CWM in Jordan. As
previously discussed in the methodology chapter in section 4.5.5.3.3, a combination of 11 openended questions were formulated and designed to collect the required data based on the list of
factors in section 3.4 (see Appendix 2). The first question sought to gain background
information about the need for CWM from the perspective of Jordanian contractors, and the
remaining ten questions were directly related to the key research investigation. Following the
design of the first-round questions, a pilot study was conducted to enhance the validity and
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reliability of these questions and to make necessary amendments prior to an actual interview,
as mentioned in section 4.5.5.3.3.
The data is analysed based on the Template Analysis method as discussed in section 4.5.5.3.3.
A number of codes were identified based on their frequency of occurrence in the first-round
responses, which were then categorised under main themes. For instance, the responses of the
experts in Round 1 were categorised into four main variables (themes), namely: personal,
technological, social and organisational. Within each of these variables a number of factors
(i.e., codes) were identified, and corresponding subfactors; for example, in the technological
variable (theme), two factors (codes) of system ease of use and system compatibility were
identified, and within each of these factors there were a number of subfactors.
With regards to second round of the Delphi study, it aims to verify the factors, acquired from
the first round, influencing the behaviour of Jordanian contractors towards CWM. According
to the section 4.5.5.3.4 in the methodology chapter, the second-round questions are constructed
from the results acquired from the first-round responses (see Appendix 3). Accordingly, all the
factors that were identified through the discussions of the experts in the first round were then
presented to the experts during the second round in rank order, according to the frequency of
occurrence (indicating their importance), for reconsideration and validation until consensus is
reached. Notably, the minimum percentage that is considered a consensus in this study, as
discussed in section 4.5.5.3.1, is 70% of the number of experts in the second round. The results
of the second-round will then be used to develop the proposed BF. It should be noted that only
two rounds of the study were deemed necessary for the experts’ panel to reach a consensus, as
discussed in section 5.4.

5.3 Discussion of results from Delphi Round 1 and 2
Findings from the interview data, interestingly, did not appear to contradict the factors within
the literature (see section 3.4.1), since all of them were confirmed by the experts’ panel.
However, there were distinct variations in the level of influence of these factors on the
behaviour of Jordanian contractors towards CWM. Additionally, some distinct variations
between the perceptions of the experts from different levels of the hierarchy emerged, in
particular, between managerial level employees who were mainly involved in the planning and
supervision of projects, and the employees who were essentially on the front line and
responsible for the implementation of work on construction sites. This section illustrates the
analysis and discussion of the two rounds of this Delphi study. It begins by discussing the
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responses of the experts’ panel regarding the need for CWM in Jordan. Following that, it
discusses the analysis of the experts’ responses with regards to the four main variables
(personal, technological, social, and organisational) influencing CWM behaviour of
contractors.

5.3.1 The need for construction waste minimisation in Jordan
The opinions of the experts’ panel emphasised the need for CWM in the Jordanian construction
industry, and highlighted the significant benefits that would be achieved from adopting CWM.
Five benefits were identified in the first round, with which all reached full consensus during the
second round. Table 5.3 presents these benefits.
Table 5.3: Delphi-study results - the benefits of CWM
Round 1
(frequency of occurrence)

Round 2
(consensus)

Reducing construction cost

9 experts

100%

Increasing the productivity of the construction
process
Improving safety at construction site

6 experts

100%

6 experts

100%

Reducing the environmental pollution

3 experts

100%

Reducing the depletion of the limited natural
resources

2 experts

100%

CWM advantages

The panel of experts had four clear threads of argument: all experts from management level to
labourers indicated that CWM would be very important to the Jordanian construction industry
in order to achieve more SC and enhance the performance of the environment. The findings
substantiate the literature (see section 2.4.2) regarding the benefits that could be achieved from
CWM for the construction industry as well as the local community.
Increasing financial gains was identified as one of the key drivers for CWM based on the
frequency of responses from the experts in both rounds. Nine experts (E1, E2, E3, E5, E6, E8,
E9, E10 & E12) indicated that source reduction of CW is a direct benefit to the project
managers, as waste costs are directly related to profit margins and so any cost saving directly
increases profit. They elaborated that a more efficient use of construction materials means
reduced purchasing costs and also time and resources used in managing and handling waste
contribute additional costs to the construction project. Project manager E3 commented:
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“avoiding waste generation can save a lot of money for clients and contractors. This is because,
in addition to the cost of the purchased materials which ends up as waste, there are the expenses
of storage, transport, and disposal which will all add extra cost to the project budget and reduce
profit”. Expert 4 supported this stance and added that the cost of CW is a very important issue
when considering the tender stage. This issue reached full consensus during the second round
as there was strong agreement about the importance of such an issue in the Jordanian
construction industry. Furthermore, the significance of reducing construction costs was also
confirmed from all the experts in section 5.3.2.3 as a strong motivational issue for contractors
towards CWM.
Likewise, project performance is strongly linked to the performance of CWM as revealed by
the opinion of six experts (E1, E2, E4, E6, E7 & E11). They indicated that avoiding waste
generation in construction projects will increase work productivity and efficiency through
saving time and costs associated with waste. Additionally, effective on-site sorting, collecting
and reuse of generated waste can reduce further costs for managers and enhance the
performance of work on construction sites by ensuring a safer and tidier workplace. Expert E6
stated: “…construction waste is one of the main causes of project delays. It’s a barrier which
holds back the progress of the project”. Experts E7 and E10 focused on the generation of CW
as one of the major issues that impacts quality of construction projects during the finishing
stage. During the second round, all experts expressed full agreement with the benefits of such
issue. This was also reflected in section 5.3.2.3, as both project managers and site managers
emphasised the strong link between financial benefits and enhanced project performance.
With regard to safety, experts E4, E5, E7, E8, E10 & E11 expressed great concern about the
danger of waste on the wellbeing of workers on construction sites. They indicated that the
hazard of sharp and heavy materials in construction debris can result in injuries and accidents
which are common problems in construction sites in Jordan. Experts E5 and E8 added that CW
usually contains hazardous materials and harmful substances and, therefore, the exposure to
such waste is very dangerous for the on-site workers. Supervisor E8 stated: “construction waste
contains a lot of harmful things such as nails, glass, small parts of steel, asbestos, and many
other things, and from my experience, I have seen at least one or two accidents happen in each
site I have entered, I think it’s a problem that needs more reconsideration”. During the second
round, all experts agreed with the importance of CWM with regards to such issue, as labourer
E9 suggested that minimising CW can largely avoid on-site accidents and obstructions.
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Environmental sustainability targets such as reducing pollution and the depletion of the limited
natural resources were also an area of concern from the panel of experts. Although both
advantages did not gain much attention during the first round, all experts in the second round
agreed that there is a need for the adoption of effective CWM measures in order to gain such
benefits. According to experts E3, E5 and E6, reducing environmental pollution by minimising
CW is a very important issue, especially as CW reuse and recycling techniques are rarely
adopted by the Jordanian construction industry; the most adopted methods of handling CW is
through harmful measures for the environment such as burning and illegal dumping. Site
manager E6 stated: “our construction industry is lagging behind other countries in terms of
using effective waste minimisation techniques especially recycling, while major portions of
discarded waste are being burned resulting in serious air pollution and therefore, need more
focus and consideration”.
Moreover, experts E3 and E5, emphasised the need for CWM since construction activities
consume a large amount of raw materials and energy, especially that Jordan is a poor country
in natural resources. Expert E5 said: “…Jordan has limited natural resources, for that reason
we have to utilise construction materials properly”. However, it is clear from the range of
responses in the first round those expectations, particularly from foremen and labourers, about
what CWM initiatives could offer to enhance the environment was found to be very little. A
possible explanation for this is that employees who have a lower educational attainment seemed
to be less informed of the environmental benefits of CWM as, according to site manager E6,
there is a lack of knowledge and awareness of the significance of such problems especially
among labourers.

5.3.2 Personal variable
Personal variable incorporates factors which refer to the belief in an individual’s capabilities to
perform or not to perform a particular behaviour. Self-efficacy beliefs function as an important
set of proximal determinants of human motivation, affect and action; self-efficacy operates on
action through motivational, cognitive and affective intervening processes (Bandura, 1989;
Davies et al., 2002). According to the following subsections, a number of key personal factors
affect the behaviour of contractors in Jordan towards CWM.
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5.3.2.1 Construction-related knowledge factor
The opinions of the experts’ panel emphasised the importance of knowledge, skills and
experience of construction in order to improve the attitudes and perceptions of contractors
towards the adoption of CWM behaviour. Based on the discussions of the first round, five
subfactors were identified which all reached consensus during the second round. Table 5.4
presents these subfactors in rank order according to their degree of consensus.
Table 5.4: Delphi-study results - construction-related knowledge subfactors affecting CWM
behaviour
Issues affecting CWM behaviour

Round 1
(frequency of occurrence)

Round 2
(consensus)
100%

Awareness of the causes and types of CW

7 experts

Knowledge and awareness of LWTs
Skills and expertise in the handling of
construction errors

6 experts

100%

3 experts

100%

Awareness of the financial gains of CWM

4 experts

90%

Awareness of the negative environmental
impacts of CW

2 experts

70%

The opinion of experts accentuates the importance of construction-related knowledge with
regards to CWM. Awareness of the causes and types of CW gained the highest frequency of
response in the first round (7 experts). Experts E1, E2, E3, E8, E10, E11 and E12 revealed that
adequate knowledge and experience of labourers and supervisors regarding the proper and
effective implementation of work will raise their level of understanding of the different types
and causes of CW; this can help them complete the job more efficiently with minimal resources
and time wasted. For instance, Project manager E2 with 25 years’ experience stated: “some
types of construction materials can be only used as once and therefore; such understanding
will help workers to maximise the use of these materials”.
Six experts (E1, E2, E4, E6, E7 & E9) were convinced that understanding the importance of
LWTs is a critical requirement in reducing CW more efficiently. According to experts E4 and
E7, sufficient knowledge of the different types of LWTs and their effectiveness in CWM can
promote the adoption of these technologies more efficiently in the Jordanian construction
sector. Indeed, expert E6 stated, “many contractors have poor knowledge of the significant
importance of building technologies and the huge amount of waste that can be minimised by
adopting these technologies in construction projects”. Lead manager E1 explained that the
construction industry is a naturally low-skilled labour-based industry and, therefore,
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construction projects are less likely to use advanced technologies. However, senior project
manager E2 took another perspective suggesting that the skills and experience of site managers,
supervisors and labourers in utilising technologies in construction will make project managers
tend to adopt them instead of using familiar conventional methods. During the second round,
all experts showed full agreement regarding the awareness of the importance of LWTs in CWM.
Expert E5 confirmed that LWTs facilitate quicker construction, produce better quality work,
decrease waste and, thus, awareness of such advantages will encourage their adoption.
Capability in dealing with design changes and handling errors during the construction process
was another issue identified by those that had the longest experience within the construction
industry (E1, E2 & E3). This was considered, according to project manager E3, to be one of the
key requirements for on-site management in order to control the level of CW production.
Project manager E2 indicated that errors and design changes in construction are inevitable and
can adversely affect work performance resulting in waste generation, particularly when they
are mishandled by site supervisors and managers who should be competent in dealing with such
circumstances. According to expert E2, “…errors and frequent design changes occurs in
construction sites all the time resulting in rework and producing waste. Thus, on-site
management should have good experience of resolving such situations in the best way
possible”. During the second round, supervisor E7 emphasised the need for addressing errors
correctly as they arise due to the continuous consequences that they can lead to in other aspects
of the project, eventually causing increased CW production.
On the other hand, experts E4, E5, E7 and E10 focused on understanding the positive impacts
of CWM instead of the technical aspects of construction. They believed that there was a lack
of awareness and understanding among some managers regarding the financial gains that could
be achieved through CWM. According to expert E5, increasing awareness of financial
incentives (cost saving) is very influential in motivating clients and managers to take
appropriate action to minimise CW. As experts E7 and E110 explained, some managers
perceive that CWM is not cost effective and takes more time to undertake. Expert E7 said:
“...and that why I think that there should be some kind of educational courses specially for
managers, because many of them have this idea that reducing construction waste will take a lot
of time and not worth the effort”. During the second round, project manager E2 confirmed that
some project managers do not invest in CWM in order to save time and money as they may not
perceive the financial gains in the long term of the construction project.
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With regard to environmental sustainability, site managers E5 and E6 focused on understanding
the positive impacts of CWM on the environment. They highlighted the fact that awareness, in
the longer term, of the implications of CW in terms of the environmental impacts will help
clients and contractors make suitable decisions and actions to minimise CW when performing
their work. Site manager E5 stated: “knowing the environmental benefits that could result from
construction waste minimisation, will help clients, managers and labourers to act and follow
appropriate procedures to minimise waste”. Further, site manager E6 emphasised the
importance of increasing the environmental awareness of employees, particularly labourers, in
relation to CWM. This is because the nature of the work with such employees does not require
high educational attainment and, therefore, they might be less informed of the environmental
benefits of CWM. According to site manager E6 during the second round, “…basic knowledge
might exist among many labourers about the obvious advantages of construction waste
minimisation for the environment, however, I think the problem is that there not fully aware of
the level of the environmental impacts, construction waste can cause”. Although, this issue
gained the lowest frequency of responses (2 experts) in the first round, it succeeded in achieving
consensus during the second round (80%) except for two experts (E4 & E9) who noted that
awareness of the positive influence of CWM on the environment can be important but does not
necessarily guarantee CWM. As labourer E9 said: “…there are limitations to such knowledge
alone in minimising construction waste”.

5.3.2.2 Personal norms factor
The experts’ panel elaborated on how the moral norms of employees reflect their attitudes
towards the adoption of CWM behaviour. Based on the discussions of the first round, two
subfactors were identified which all reached consensus during the second round. Table 5.5
presents these subfactors in rank order according to their degree of consensus.

Table 5.5: Delphi-study results - personal norms subfactors affecting CWM behaviour

Courtesy between the different levels of
employees

9 experts

Round 2
(consensus)
100%

Religious obligations

4 experts

70%

Issues affecting CWM behaviour

Round 1
(frequency of occurrence)

121

Amongst the experts there was little question that an employee with strong moral principles and
obligations would influence their likelihood to act towards CWM. It is clear from the range of
responses in the first round (9 experts) that the predominant focus of the experts’ panel was on
the employee’s morals and ethics in terms of politeness and respect for other employees. This
was argued by experts E2, E5, E6, E7, E8, E9, E10, E11 and E12 who believed that courtesy in
the workplace, which rests on a shared moral norm of professional integrity, contributes to a
positive work atmosphere and, therefore, there is increased productivity. Labourers E9 and E12
emphasised this, as they focused particularly on the importance of courtesy between the
different levels of employees, and between managers and their staff. The reason for this, as they
noted, was that a poor working atmosphere resulting from the disrespectful treatment of
employees can lead to resentment and careless behaviour, and therefore, poor job performance
and diminished productivity. Labourer E9 stated: “…is important, especially if you are a
manager, to have a strong relationship with your employees. By building your relationship with
your staff you encourage them to be more loyal to the organisation”. However, during the
second round, lead manager E1 noted that courtesy in professional relationships can be
considered an indirect influence on CWM and is therefore not guaranteed to greatly impact the
level of CW but, nonetheless, still requires consideration.
Religious beliefs were also an apparent issue, seeming to receive a degree of focus from four
experts (E1, E3, E4 & E11) who argued that CWM can be influenced by moral norms in the
form of religious obligations. They indicated that religious beliefs can provide moral guidance
and rules which influence one's self-concept regarding the implementation of their job and the
consequences of their actions. Project manager E4 noted, “some employees actions are
sometimes derived from their religious beliefs, and they feel obligated in performing their job
in the best way possible with minimum negative consequences, which in this case construction
waste generation”. Nonetheless, there was a conditional agreement between the experts during
the second round (70% consensus) that religious obligation depends on the degree of knowledge
an employee holds. For example, according to expert E6, an employee may be inclined to
engage in CWM behaviour as a result of their religious obligation but unintentionally harm
CWM efforts out of ignorance.

5.3.2.3 Perceived usefulness factor
The opinions of the experts’ panel pointed out how positive outcomes from CWM can motivate
employees towards adopting CWM behaviour. Based on the discussions of the first round, five
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subfactors were identified which all reached consensus during the second round. Table 5.6
presents these subfactors according to their degree of consensus.

Table 5.6: Delphi-study results - perceived usefulness subfactors affecting CWM behaviour
Round 1
(frequency of occurrence)
11 experts

Round 2
(consensus)
100%

Enhanced work performance incentives

7 experts

100%

Health and safety incentives

6 experts

100%

Rewards incentives

5 experts

100%

Environmental benefits incentives

2 experts

70%

Issues affecting CWM behaviour
Cost reduction incentives

Whilst the panel of experts had no doubts about the value of CWM in terms of its resulting
benefits, the main focus of this discussion was over the matter of which benefits act as the
strongest incentives. Project manager E2 stated, “the perceived likely positive consequences
from conducting construction waste minimisation can influence the contractor’s willingness
and interest towards minimising waste”. Cost reduction incentives were consistently found to
be the strongest motivational issue based on the range of responses in the first round (10
experts). According to eleven experts (E1, E2, E3, E4, E5, E6, E7, E8, E9, E10 & E12),
reducing project costs through minimising CW can significantly motivate clients and managers
towards taking effective measures and procedures that will ensure CWM. Expert E5 stated
“…clients and contractors are generally more interested in saving money when it comes to
construction waste minimisation”. Moreover, during the second round, experts that are involved
in the tender pricing process (E1 & E4) added that reducing the project cost by adopting
effective CWM measures will increase the opportunities for managers in gaining more future
project tenders. Lead manager E1 stated: “…construction waste minimisation will also increase
their chances when bidding for future tenders”.
Another motivational issue identified through this interview (E1, E2, E4, E6, E7, E8 & E11)
was the enhancement of work performance. Experts E2 and E6 indicated that CWM can
enhance the quality of work and increase the productivity and efficiency of the construction
process through saving time and costs dealing with waste. This issue was emphasised by project
manager E2 since increasing the productivity of the work through CWM will ultimately lead to
increasing the profit of the project. Another point was made by supervisors E7 and E8 who
indicated that the workflow on construction sites can be improved by avoiding obstacles
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occurring during the construction process such as CW. Therefore, CWM helps make the work
of on-site workers much easier, which in turn will increase their motivation toward avoiding
waste generation. Foremen E8 said: “the prevention of waste can provide more space for storing
goods and equipment and make moving materials around the site quicker and easier. It also
makes the site cleaner, more organised, and more pleasant to work in”. During the second
round this issue succeeded in achieving full consensus as a strong incentive toward CWM. This
was especially true for those who are responsible for managing and supervising on-site
operations such as site managers and foremen as, according to site manager E5, improving the
workflow will make their job a lot easier.
Health and safety were also confirmed as a strong motivational issue especially for on-site
workers. Experts E4, E5, E7, E8, E10 and E11 highlighted the fact that injuries are common
problems that occur on construction sites in Jordan. Therefore, through minimising CW and
better management of construction sites, obstructions and accidents can be largely avoided.
Indeed, as commented by site manager E5 and E6, CW usually contains dangerous and
hazardous materials which are a serious threat to on-site workers. Project manager E4 noted
that a responsible employee who is enlightened about the physical harm which CW may cause,
will be incentivised towards CWM for their own wellbeing as well as others. He stated: “…I
think if they care about such problem and are aware of the potential danger, they will be very
much motivated to reduce waste”.
Reward incentives were also an apparent issue receiving a degree of focus from five experts
(E2, E4, E6, E9 & E10). They argued that rewards which can be gained through involvement
in CWM can help raise the motivation of managers, supervisors and labourers in adopting
CWM behaviour. Expert E6 said, “benefits such as bonuses and promotions offered for being
proactive in minimising construction waste can be very helpful in encouraging them to perform
the job well enough to reach waste minimisation targets”. Moreover, project manager E2
indicated that rewards for ‘green’ construction projects, achieved by implementing sustainable
green construction practices, can incentivise project managers to engage in such practices.
During the second round, the arguments of experts E5 and E7 took the perspective that the
benefits of CWM can also push employees into taking the initiative and being creative to ensure
that the job is done properly with minimum wasted materials. Site manager E5 added, “…they
may start to suggest new ideas, look for better solutions and generally work harder to get these
benefits”.
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According to two experts (E5 & E6), environmental sustainability can also act as an incentive
for contractors to perform CWM behaviour. They revealed that internal desire which arises
from the consideration of the environmental problems such as air pollution and the depletion of
raw materials, can encourage waste minimisation in construction projects. One example of such
an understanding came from expert E5, who stated: “…we must minimise construction waste,
to avoid its negativity, maintain a clean and healthy environment, and try our best to make our
cities look more beautiful”. It is clear that this issue did not achieve full consensus (70%) during
the second round, although all experts in the first question (see section 5.3.1) cited
environmental concerns as an important issue regarding the necessity of CWM. This indicates
that although some employees may recognise the importance of the environmental benefits in
general, nonetheless, they do not lend it the same consideration as other advantages of CWM
which apply to them personally.

5.3.2.4 Additional factors
The opinions of the experts’ panel highlighted additional personal factors affecting the
behaviour of contractors towards CWM. Based on the discussions of the first round, three
factors were identified, two of which reached consensus in the second round while the third
factor failed to reach the minimum required percentage of consensus. Table 5.7 presents these
factors according to their degree of consensus.
Table 5.7: Delphi study results - additional personal factors affecting CWM behaviour

Perceived increased workloads

Round 1
(frequency of occurrence)
6 experts

Round 2
(consensus)
100%

Belief that waste is inevitable

6 experts

90%

Manager’s encouragement

3 experts

50%

Issues affecting CWM behaviour

The panel of experts identified one or two additional important issues that require further
consideration in the Jordanian construction sector. The perception of the increased workload
and that waste is inevitable are important issue identified through this question since the
majority of the opinions in both rounds seemed to constantly refer back to those two issues.
According to six experts (E1, E4, E5, E7, E8 & E10), the perception of increased workload has
a major influence on labourers’ engagement in CWM which can result in large amounts of
wasted materials. The general direction of their arguments indicated that some labourers might
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have little intention of minimising CW as they believe conducting CWM measures require more
time and effort and, therefore, will increase the amount of work. Site manager E5 stated that
“sometimes labourers neglect the aspect of construction waste as they don’t want to spend extra
time or conduct extra activities to minimise waste”.
Moreover, six experts (E2, E3, E5, E6, E9 & E10) indicated that the belief that waste is
inevitable in construction projects can have a huge negative impact on CWM. They indicated
that there is a widespread perception among some site supervisors and labourers that waste
minimisation efforts will never be sufficient to completely eliminate waste in construction
activities. This can result in careless acts (not necessarily intentional) from such employees
when performing their work which can significantly affect CWM. Expert E3 stated that
“...many of the workers have the wrong idea that waste can still be generated, no matter how
accurate the construction process is”. During the second round there was strong agreement
from the rest of the experts that such issue can have a huge impact on the amount of waste
materials. In fact, according to project manager E2, the introduction of courses intended to raise
the awareness of on-site workers regarding CWM has been proposed by a number of firms in
the Jordanian construction industry.
Manager encouragement is the third issue which was identified from the comments of three
panel experts (E8, E11 & E12). They believed that recognising good performance (e.g., CWM)
and providing positive feedback can help foster a sense of responsibility in employees toward
maintaining a high quality of work. Labourer E12 stated: “to make sure contractors get the best
performance from workers, including minimising waste, it’s always better to show appreciation
of their good work. This will make workers more interested in performing their job in a way
that will please the managers”. However, during the second round, this issue failed to reach the
minimum required percentage of consensus (50%), as there was weak agreement from the rest
of the experts that such an issue could be considered as having a direct influence on CWM.

5.3.3 Technological variable
Technological variable incorporates factors which refer to the nature and characteristics of
technologies which are associated with the level of acceptance and usage of these technologies
from potential adopters (Davis, 1993). In a similar way, the implementation attributes of a
technology (e.g., ease of use, compatibility) function as an important set of determinants for its
adoption. According to the following subsections, a number of key technological factors
encourage/ inhibit the willingness of contractors in Jordan towards the acceptance of LWTs.
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5.3.3.1 System ease of use factor
The experts’ panel elaborated on how system ease of use can encourage the adoption of LWTs
in Jordanian construction projects. Based on the discussions of the first round, two subfactors
were identified which all reached a consensus during the second round. Table 5.8 presents these
subfactors according to their degree of consensus.
Table 5.8: Delphi study results - system ease of use subfactors affecting LWTs’ adoption
Round 1
(frequency of occurrence)

Round 2
(consensus)

System complexity and learning difficulties

10 experts

100%

Technical support from vendor

5 experts

100%

Issues affecting LWTs’ adoption

When exploring the perceptions of the expert panel in this regard, all experts, without exception,
were in strong agreement with the influence of "ease of use" on the successful adoption of
LWTs in construction projects. According to ten experts (E1, E2, E4, E5, E6, E8, E9, E10, E11
& E12), the perceived complexity of some LWTs (equipment and/or system) is a strong
inhibitor of contractors’ willingness towards the utilisation of such technologies in construction
projects. Decision makers, managers E1 and E2, have noted that the perceived complexity of
the operational process of certain technological methods of construction can result in an
organisation implementing traditional methods as the former may require more time and effort
to utilise. Lead manager E1 stated that “when construction companies make a decision about
whether or not they want to use a new technology, they will look at how complicated the
methods are … traditional methods may be easier and cheaper to use”.
A further point was made by experts E5, E6, E8 and E10 who noted that sometimes contractors
face difficulties in understanding and learning how to use certain LWTs. For example, they
revealed that the complexity of certain construction information systems, such as BIM, requires
high professionality and expertise to use. This presents a challenge to contractors in
understanding and managing such technologies and may discourage their adoption. Expert E6
said: “…I think it can take time and effort to learn how to use new methods and criteria, and it
is common to make many mistakes at any point of implementing such complicated technology
throughout design and construction processes”. During the second round all experts confirmed
the importance of the “ease of use” issue in the acceptance of LWTs. Project manager E4
supported this point, arguing that one of the main challenges of using certain LWT is
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successfully integrating their outcome with other components of the project. Failure to do so
can result in errors and therefore CW generation.
Moreover, five experts (E1, E2, E3, E6 & E7) revealed that as some LWTs can be complex to
implement and/or operate, technical support may be required from the vendor. For instance,
guidelines and directions may be required when utilising certain technologies, as expert E7
stated: “…lack of such technical support may discourage those that are involved in decision
making from adopting the technology, as the availability of technical assistance may restrict
usage”. Indeed, site manager E6 noted that malfunctions which can occur during operation can
also require technical support for sourcing replacements and conducting repairs. This issue was
strongly supported during the second round (full consensus), as lead manager E1 added that in
the construction industry, its important how vendors and customers (i.e., clients and
contractors) interact and follow a pathway after their decision to adopt a technology.

5.3.3.2 System compatibility factor
The opinions of the experts’ panel explained how system compatibility can govern the adoption
of LWTs in construction projects. Based on the discussions in the first round, two subfactors
were identified with both reaching consensus during the second round. Table 5.9 presents these
subfactors according to their degree of consensus.
Table 5.9: Delphi study results - system compatibility subfactors affecting LWT’s adoption
Issues affecting LWT’s adoption

Round 1
(frequency of occurrence)

Round 2
(consensus)

9 experts

100%

6 experts

100%

Compatibility with the existing
construction practices
Compatibility with the project nature

It is clear from the range of responses depicted in Table 5.9 that the compatibility of LWTs has
a large impact on the project managers’ intentions towards the adoption of such technologies.
Nine experts (E1, E2, E3, E5, E6, E7, E8, E9 & E12) stated that integrating some types of
LWTs with existing construction practices can prove challenging. They indicated that
difficulties arise when the adoption of traditional construction methods is practiced by
contractors (particularly small and medium-sized contractors), since many of these methods are
dated, depended on simple resources and were consequently incompatible with advanced and
complex technologies. Lead manager E1 said: “I believe that many companies still use the old
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common practices because of their familiarity and simplicity, and they aren’t compatible with
more advanced technologies”. Furthermore, experts E1, E2, E3 and E6, who seemed to be more
knowledgeable about various types of LWTs, did express great concern about the current status
of the Jordanian construction industry’s readiness for the adoption of many types of LWTs.
Indeed, project manager E2 commented that the construction industry in Jordan is lagging
behind other countries in the region in terms of the adoption of contemporary technologies.
This can result in limited options for contractors due to the dependency of some LWTs on
others. In the second round the issue reached full consensus.
Furthermore, the type, size and budget of a construction project are not always compatible with
certain LWTs. This is the view of six experts (E2, E3, E4, E9, E10 & E11), who said that a
project’s nature may not fit with a particular technology, making it difficult to implement. As
expert E2 explained, projects that are very simple or have limited budgets do not necessarily
need complex or advanced LWTs. Expert E4 stated that “…just because a technology is
efficient, doesn’t mean it is the best one for the job… there adoption would not be so much
practical”. During the second round, all experts emphasised this issue. However, expert E1
suggested that this can work in both directions: large-scale projects may be too complex or
expensive to justify the use of certain LWTs.

5.3.4 Social variable
Social variable incorporates factors which refer to the individual's perceived social pressure to
perform or not to perform a particular behaviour. It reflects an individual’s sense of social
pressure to behave in a certain way (Ajzen, 1991). According to the following subsections, a
number of key social factors influence the behaviour of contractors in Jordan towards CWM.

5.3.4.1 Descriptive norms factor
The opinions of the experts’ panel revealed how the behaviour of work colleagues, managers
and the surrounding society can influence an individual in their engagement with CWM. Based
on the discussions of the first round, four subfactors were identified with three reaching
consensuses during the second round, while the fourth subfactor failed to reach the minimum
required percentage of consensus. Table 5.10 presents these subfactors according to their degree
of consensus.
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Table 5.10: Delphi study results - descriptive norms subfactors affecting CWM behaviour
Round 1
(frequency of occurrence)
8 experts

Round 2
(consensus)
100%

Interest of managers in CWM

5 experts

100%

Wasteful culture

4 experts

70%

Influence of difficult employees

2 experts

30%

Issues affecting CWM behaviour

The practices of peer-practitioners

The panel of experts generally believed that the performance of co-workers can influence an
individual (either consciously or unconsciously) in following their trend. The practices of peerpractitioners were identified to be one of the most influential issues based on the frequency of
responses in both rounds (Table 5.10). According to eight experts (E2, E4, E5, E6, E7, E8, E10
& E11), a high skills level, professionality and perfectionism of colleagues, can incentivise the
employee, particularly labourers, to examine their performance and try to behave like their
colleagues. Site managers E5 and E6 indicated that labourers can increase productivity and high
standards of work (e.g., CWM) through peer pressure when surrounded by hard-working and
high-achieving colleagues. Site manager E6 stated that “…labourers will tend to perform their
job better because they feel pressure to measure up to their colleagues in order to be seen to
be as competent, and achieve the same levels of productivity they observe with hard work”.
Conversely, the opposite is also true, as experts E5, E6 and E7 revealed that in an unproductive
work environment, work performance will decrease ultimately affecting CWM. Foremen E7
noted that “poor work and performance can be contagious and create some kind of careless
behaviour among labourers in the sense that workers often copy the actions and attitudes of
their workplace peers”. A possible reason for this according to experts E4, E6, E7, E8 and E10
was lack of interest and support from managers and supervisors in CWM, which can weaken
the motivation of labourers and make them less likely to adopt waste minimisation behaviour.
Expert E4 said: “the labourers will have poor interest in construction waste minimisation when
they perceive that the managers are not concerned about it”. During the second round, the
remaining experts showed full agreement regarding the influence of the work environment on
the individual’s behaviour towards CWM.
Moreover, four experts (E1, E3, E4 & E6) argued that CWM behaviour can sometimes be
affected by a wasteful culture. They explained that a ‘throw-away society’, strongly influenced
by consumerism and materialism, encourages wasteful habits in people, including those in the
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construction industry. Expert E1 revealed that the practice of continuously purchasing goods in
the belief that ‘the newer, the better’ is commonplace and affects attitudes towards being
wasteful. Confirming this, Expert E3 said: “in my opinion many contractors are ignorant about
the issues of waste. As they tend to dispose of consumables without considering whether they
really have to, in favour of using new product”. During the second round this issue did not reach
full consensus (70%), however, the rest of the expert panel agreed with the importance of such
issue on CW generation.
Finally, experts E9 and E12 stated that some employees hold poor attitudes towards their work
and/or organisation typically being consistently negative, repeatedly complaining, undermining
the company and challenging authority. This attitude can spread among colleagues, even
amongst normally happy, satisfied employees which in turn affects their performance of work
and, thus, CWM. Expert E12 stated that “negative employees can make normally hard workers
less positive and happy with their work, and then also spread bad attitudes around the
workplace”. However, during the second round, this issue failed to reach the minimum required
percentage of consensus (30%), as there was disagreement from the rest of the experts that such
an issue is important and/or can directly impact CWM.

5.3.4.2 Injunctive norms factor
The opinions of the experts’ panel emphasised the importance of policies and regulations in
order to pressure contractors towards adopting CWM. Based on the discussions of the first
round, three subfactors were identified which all reached consensus during the second round.
Table 5.11 presents these factors according to their degree of consensus.
Table 5.11: Delphi study results - injunctive norms subfactors affecting CWM behaviour
Round 1
(frequency of occurrence)
9 experts

Round 2
(consensus)
100%

Governmental supervision

5 experts

100%

Green construction practices

3 experts

80%

Issues affecting CWM behaviour
Financial charges and penalties

According to the experts’ panel, the success of CWM depends heavily on policies and
legislation as they perceived the importance of forcing waste minimisation behaviour in
construction projects. Seven experts (E3, E4, E6, E7, E9, E10 & E11) revealed that disposal
charges for dumping CW can promote financial incentives for project managers toward taking
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effective measures to minimise CW. Project manager E3 stated: “disposal fees, especially if its
high, will make managers think again before dumping the construction waste”. Supporting this
argument, it was said that low or the absence of disposal charges can decrease the likelihood of
contractors reusing excavated soil which is considered one of the highest percentages of
dumped materials. Site manager E6, who had extensive experience in construction sites, said:
“the large amounts of excavated soils from construction sites can be reused in many ways such
as back-fill material. Instead, contractors take the easy approach and dump it”. Another point
was made by experts E2, E4 and E8 that fines and penalties for illegal dumping are very
important in limiting such practices, especially given that it is a common problem in the
construction industry in Jordan. Expert E2 said that “…because some contractors will not even
bother and they want to take the easy way for getting rid of their waste”. It can be noted that
financial charges and penalties is an important matter which has attracted the attention of most
experts in both rounds. As E5 commented during the second round, such issue should be much
more reinforced by the relevant authorities.
Five experts (E4, E5, E6, E8 & E12) revealed that governmental supervision can largely control
the disposal of CW. They indicated that inspections and strict supervision on CW handling,
transportation and disposal can largely control illegal dumping as well as pressure contractors
towards proper methods of treatment such as reuse, recycling and safe disposal (designated
landfills). Project manager E4 stated that “by enforcing strict governmental supervision and
monitoring waste in construction projects, the practice of illegal dumping can be more
controlled and construction waste disposal can be better managed”. During the second round,
the remaining experts showed strong agreement particularly on the aspect of site inspections as
according to Site manager E5, “…establishing strict polices and regulations won’t be as much
effective unless they are enforced by inspections”.
A further point was made by three project managers (E1, E2 & E3) who strongly supported the
idea that green construction, through the application of green practices (e.g., BREEM, LEED,
etc.), can make a significant difference to CWM. Experts E2 and E3 indicated that focusing
resources and attention on government bodies would put pressure on clients/contractors to
engage in these practices. Indeed, the application of environmentally responsible and resourceefficient practices, require considerable attention from the relevant authorities in order to be
encouraged, regulated or even enforced, due to their major advantages. Project manager E3
stated: “the construction industry will struggle to adopt green practices unless there is pressure
from the authorities, setting an example”. A further point was made by expert E2 that
governmental support through a provision of comprehensive waste management plans and
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recycling facilities can exert a sense of pressure and increase the obligation of project managers
towards CWM. This is because according to project manager E2, “there is still a lack of
effective and informative strategies targeting solid waste in Jordan, and till the moment there
still a very limited number of recycling plants which is why the recycling market in Jordan is
very poor”. During the second round this issue reached consensus. However, lead manager E1
noted that encouraging green practices depends to some extent on the type and size of the
project. This is because such practices may not be perceived as worthy and profitable in
apartment buildings, especially as they account for the majority of construction projects in
Jordan.

5.3.5 Organisational variable
Organisational variable incorporates factors which refer to the objective issues in the work
environment which make an act easy to accomplish (Thompson et al., 2003). According to the
following subsections, a number of key organisational factors affects the controllability of
employees towards their engagement with CWM in Jordanian construction projects.

5.3.5.1 Project constraints factor
The opinions of the experts’ panel elaborated on how can project constraints such as time and
money, make it easy/difficult to minimise waste in construction projects. The two subfactors
gained full consensus during the second round. Table 5.12 presents these subfactors.
Table 5.12: Delphi study results - project constraints subfactors affecting CWM behaviour.

Time constraints

Round 1
(frequency of occurrence)
12 experts

Cost constraints

11experts

Issues affecting CWM behaviour

Round 2
(consensus)
100%
100%

The panel of experts stated that when more resources are put into construction projects, it will
increase the opportunities for employees, particularly site supervisors and labourers, towards
achieving CWM. They also indicated that the ability of on-site workers to contribute to waste
minimisation in construction activities is dictated largely by the managers’ interest and
willingness to commit financial resources to such issue. The experts’ panel stated that it is
difficult for workers to take the issue of CWM seriously in construction sites, especially when
they perceived that the managers are more concerned with time and cost savings rather than
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assigning adequate resources and effort in minimising waste. Site manager E5 stated: “the
pressure from managers toward finishing the job within limited time and budget will make it
very difficult for the staff to perform their job good enough which will result in poor work
quality”. All twelve experts realised that the attempts of labourers in minimising CW can
sometimes be largely constrained by a limited time framework. They revealed that when
managers do not invest sufficient time in the construction process, it will result in sub-standard
work quality. Additionally, time pressures will decrease the likelihood of labourers doing
further important activities to promote more CWM. Supervisor E8, who is extensively involved
in on-site operations, stated that “sometimes managers don’t allow enough time during
construction activities which forces the workers to rush in their work. This can significantly
result in huge amount of wasted materials”.
A further point was also made the experts’ panel. They indicated that in construction projects,
some managers focus on maximising their profit which makes them neglect implementing
effective CWM measures, such as assigning adequate numbers of labourers for waste sorting,
collecting and reuse on construction sites and the use of LWTs. Those that are involved in the
planning aspect of construction (E2 & E3) said: “...therefore, enough workers in construction
projects and more use of building technologies will make it much easier for them to minimise
waste”. It can be noted from Table 5.12 that experts’ opinions consistently seemed to refer back
to time constraints in relation to the ease of adopting effective CWM behaviour. A possible
reason for this is that time pressure prevents site supervisors and labourers from performing
high standards of construction work which is one of the main barriers to CWM in Jordan.
However, both issues, i.e., time pressure and cost pressure, achieved full consensus during the
second round.

5.3.5.2 Facilitating conditions factor
The experts’ panel elaborated on how the organisations’ provision of requisites resources and
opportunities can facilitate waste minimisation in construction projects. Based on the
discussions of the first round, five subfactors were identified which all reached consensus
during the second round. Table 5.13 presents these subfactors according to their degree of
consensus.
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Table 5.13: Delphi study results - facilitating conditions subfactors affecting CWM behaviour.
Round 1
(frequency of occurrence)

Round 2
(consensus)

On-site planning and management

10 experts

100%

Technical support

8 experts

100%

On-site supervision

4 experts

100%

Training and information support

5 experts

90%

Management change

3 experts

80%

Issues affecting CWM behaviour

The findings from the interview data, interestingly, confirmed the importance of the issues
relating to personal and technological factors since all the issues described here facilitate the
adoption of CWM behaviour. There were distinct variations in the experts’ perception of the
relative importance of organisational support. Nonetheless, during the second round the expert
panel emphasised the fact that all the issues in Table 5.13 can strongly influence the feasibility
of the work, including, CWM. It became apparent from the majority of the expert panel’s
opinions in the first round (E1, E2, E3, E4, E5, E6, E8, E9, E10 & E11) that on-site planning
plays a significant role in CWM. They believe that effective planning helps in establishing
organisational goals, overcoming difﬁculties and streamlines the construction process towards
being well managed and more productive, ultimately leading to CWM. According to these
experts good on-site planning helps make effective decisions towards the efficient management
of construction materials including salvaging waste, avoiding excess material use, minimising
the risk of materials damage and consequently reducing wastage. Foremen E8 stated that it was
important to, “…make proper decisions on how to handle materials in a way that will avoid
wastage. This will lead to increases in productivity and ensure that materials are not wasted”.
Likewise, site manager E6 stated that efficient planning of construction activities ensures proper
allocation of time, money, material and human resources, which in turn, will help avoid errors
and mistakes and enhance the work performance.
Lead manager E1 also believed that team building and cooperation between managers,
supervisors and labourers is a significant advantage resulting from good planning and
management, which in turn helps reduce CW through improving job performance. He
elaborated saying that “good planning promotes teamwork and effective cooperation. Everyone
will know what their responsibilities when such planning is communicated to employees of the
organization”. Further, those that had extensive experience in the field (E2 & E3) viewed the
planning process as an important procedure towards managing risk and uncertainty. Unforeseen
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events can occur and must be dealt with quickly before negative consequences arise such as
CW generation. Project manager E2 said that “…the what-if” scenarios can be effectively
addressed by good planning, as managers attempt to develop contingency plans to deal with
possible risk factors”. However, during the second round, experts E2, E5 and E7 added that
client interference in the project’s planning process can have an adverse effect and actually
damage productivity and CWM efforts. Expert E2 clarified that “…constant interfering of the
clients can obstruct the planning process, which should be reduced in order to maintain its
efficiency”.
With regard to technical support, eight experts (E2, E5, E6, E7, E8, E9, E10 & E11) suggested
that a key issue in CWM is the adequate provision of support for the LWTs that a company
adopts as well as support for the implementation of work in general. This support may be in the
form of equipment maintenance, repairs or software support and updates. Supervisor E8
explained that “some technicalities in the implementation of work require further attention and
support from the organisation in order to maintain good performance”. A further point was
made by labourers E9 and E11, who added that the provision of efficient construction
equipment, including LWTs, is very important during the construction process, as old and wornout equipment produces poor work quality and therefore increases waste materials. Labourer
E11 stated that “it’s very difficult to avoid waste generation when using old construction
equipment”.
Four experts (E1, E2, E3 & E5,) revealed that company policies such as quality control can
largely help in CWM. They indicated that substandard work performance and breaking work
procedures, resulting in CW generation, can be reduced by taking effective quality control
measures such as inspections and strict supervision. Lead manager E1 stated that “by setting
out standard work procedures and monitoring the work performance, construction can be more
controlled”. During the second round the remaining experts showed strong agreement,
particularly on the aspect of strengthening site supervision, as according to site manager E5,
“…site supervision must be very important during the whole period of the construction
process”. Furthermore, five experts (E3, E5, E6, E10 & E12) emphasised the importance of
facilitating support for on-site workers such as training and education on CW types, causes, the
negative impacts of CW and CWM methods. As expert E12 explained “it is vital that a company
supports its staff by educating and training workers on the different aspects of waste, in order
for the company to achieve its targets for reducing waste”.
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With regard to effective management change in construction projects, three experts (E7, E11 &
E12) revealed that it a very important matter when it comes to waste minimisation. They
indicated that management changes can frequently occur in the workplace, and when that
process occurs it must be well organised in order to maintain the workflow of the construction
process, avoid any interruptions and reduce difficulties for employees such as with following
up with the new plans. If this does not happen, it will result in confusion among supervisors
and labourers and there will be task overlapping which can increase the chance of generating
CW. Expert E7 stated that “…the process of changing the management during the construction
process must be well organised, in order for them to keep up with the new changes, and avoid
interruptions which affect the work performance resulting in negative consequences”. During
the second round, two experts (E1 & E2) did not perceive a strong influence from such issue
on CWM. However, the remainder of the experts showed strong agreement, such as supervisor
E9, who added that the new management must have extensive experience in order to control
the construction process in the shortest time possible.

5.4 Summary of the Delphi result
The resultant two-round Delphi study concluded with a total of 31 consensuses achieved with
regards to the factors influencing the behaviour of Jordanian contactors towards CWM. Two
issues did not reach consensus namely: manager’s encouragement and the influence of difficult
employees. Both issues respectively reached a consensus of 50% and 30% in the second round.
The main reason behind this is that the majority of experts were not certain that such issues
would have a significant direct influence on the behaviour of the Jordanian contractors towards
CWM. However, this matter is debatable; some experts believed that encouragement from
managers helps to build loyalty to their work and organisation, and this can significantly
enhance work performance, including CWM. Moreover, the negative effect of difficult
employees in the work environment, creating a negative working atmosphere, can diminish
productivity, which in turn results in poor work performance and a higher chance of CW
generation. Thus, it is worth taking these two issues into consideration for future research, or
indeed, they may not be applicable to the Jordanian construction industry at this particular time.
Therefore, it was decided that it was not necessary to undertake a third round of Delphi for just
these two issues. Figure 5.1 demonstrates the final template derived from the second round of
the Delphi study taking into account the identified factors influencing the behaviour of
contractors toward CWM in the Jordanian construction industry.
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Figure 5.1: The Delphi study final template - factors influencing the behaviour of Jordanian
contractors towards CWM.
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5.5 Conclusion
This chapter presented the analysis and discussion of the findings of two rounds of the Delphi
study. The researcher has identified and verified the factors that influence the behaviour of
contractors towards CWM in Jordan. The identified factors will be used to construct a BF to
support the adoption of waste minimisation in Jordanian construction projects. Therefore, the
discussion and development of the initial BF will be undertaken in the next chapter.
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Chapter 6
Development of the Behavioural Framework (BF)
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6.1 Chapter overview
Chapters 2 and 3 highlighted the need for CWM especially in the Jordanian construction
industry and focused on the adoption of CWM behaviour. Chapter 4 discussed the research
methodology employed to develop the BF. Chapter 5 presented the findings of the Delphi study
which identified the factors influencing the behaviour of contractors towards CWM in Jordan.
Thereafter, based upon the combination of findings from Chapters 2, 3 and 5, this chapter will
assimilate findings in the literature review and Delphi study, and present the development of
the BF, which aims to support the adoption of waste minimisation behaviour by contractors in
Jordanian construction projects.

6.2 The BF definition
Prior to proceeding with the definition of the BF, it is important to delineate the various
meanings of the term “framework” as it is used within the scientific world. A framework can
be defined as a set of concepts used to solve a problem in a specific domain; and considered as
a conceptual structure that enables different business objects to be framed and treated
homogeneously (Paim & Flexa, 2011). Similarly, Sekaran (2000) defined the term framework
as a “conceptual model of how one theory makes logical sense of the relationships amongst the
several factors that have been identified as important to the problem”. Within the management
sector, Wiig et al. (1997) defined a framework as a set of guiding principles and a methodology
that can be thought of as a specific, detailed description of how to carry out the ideas and
objectives.
In this study, the developed BF will enhance the explanatory power in the prediction of CWM
behaviour in terms of identifying and understanding the factors influencing the behaviour of
contractors towards CWM in Jordan. This will support the adoption of waste minimisation in
Jordanian construction projects. The BF is developed using findings from a critical appraisal of
the literature (Chapters 2 & 3) and on comprehensive analysis of the findings of the Delphi
study conducted by the researcher (Chapter 5). The resultant BF can be defined as a decisionmaking tool which includes a set of integrated factors influencing the behaviour of Jordanian
contractors towards CWM, and therefore can be used to support waste minimisation in
construction projects.
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6.3 The need for the BF
Due to the numerous environmental, economic and social problems that are a direct result from
the generation of CW (see section 2.4.2), there is a growing need to improve CWM in order to
deliver the global sustainability agenda (Begum et al., 2009). These problems are identified as
significant in Jordan due to a number of critical issues, such as the increased raw material prices,
consumption of limited natural resources, lack of landfill space, impact on health and the
environment, and the heavy financial load on the government, especially given the poor
economic situation in Jordan (Al-Rifai & Amoudi, 2016; Alshboul & Abu Ghazaleh, 2014).
This was confirmed by the Delphi study (see section 5.3.1), as the findings emphasised the need
for effective waste minimisation measures in the Jordanian construction industry in order to
achieve more SC and enhance the performance in the environment.
The behaviour factor is integrated with every stage and phase in construction projects as the
majority of the causes underlying CW are directly or indirectly affected by the behaviour of
those working in the construction industry (see section 2.3.3.1). This is confirmed by Osmani
et al. (2008) who noted that negative behaviour towards CWM could lead to the generation of
CW. The behaviour of contractors is a crucial element in the implementation of successful
CWM measures, as many studies have emphasised their impact on the generation and
minimisation of waste in construction projects (see sections 2.3.3). Kulatunga et al. (2006)
argued that CW occurs on site for a number of reasons, most of which can be prevented, in
particular, by changing the attitude of contractors.
In reviewing the existing literature, numerous studies have attempted to explore and understand
CWM behaviour by utilising the most applicable and practical theories and frameworks
available to support the prediction of human behaviour. However, these behaviour adoption
theories and frameworks have attracted heavy criticism from researchers in various disciplines
for being simplistic and inadequate in successfully predicting behaviour (see section 3.3.5).
Additionally, the application of these theories and frameworks in the context of CW, confirmed
what was reported by the other researchers in terms of their inadequate and simple construct
which lacked additional important factors for the effective prediction of CWM behaviour (see
section 3.4). This is in addition to the fact that they have all been constructed with reference to
developed countries and may be inappropriate and less open to generalisation in relation to
developing countries, such as in the Middle-East region, especially since there are few research
studies dedicated to investigating CWM behaviour and particularly in Jordan (see section 2.5).
According to Humphreys (1996), to avoid issues surrounding surmounting cultural differences,
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developing countries are advised not to adopt ideas from developed countries without
modifying them to suit their local contexts.
Consequently, there exists a significant need for a BF that can address the weaknesses of
existing theories and frameworks in order to enhance the explanatory power in the prediction
of CWM behaviour. Such a framework will support the adoption of waste minimisation in
Jordanian construction projects by identifying and understanding the factors influencing
contractors’ behaviour towards CWM. The need for the BF is also necessitated because, to date,
the construction industry in Jordan is still suffering insufficient sustainability practices
characterised by poor production, sub-standard performance and a wasteful culture (Tewfik &
Ali, 2014; Aldayyat et al., 2019). Thus, the BF will help in create a more in-depth understanding
of how contractors can observe, define and adopt CWM behaviour which will support a more
improved SC sector.
There are, however, some uncertainties as to what extent the BF will contribute to the successful
implementation of CWM behaviour in a real-life context. According to Sniehotta et al. (2014),
psychological theories and frameworks should define their range of intended applications which
should be empirically substantiated, rather than implicitly making untenable claims to explain
all behaviour. Therefore, the next section discusses how can the BF be implemented in practical
cases in order to support the adoption of waste minimisation behaviour by contractors in
Jordanian construction projects. In addition, a definition of which persons/ organisations can
benefit from such a framework and when can they apply it, is provided.

6.4 Application criteria for the BF
Theoretically, the process for developing the BF can be a useful reference for other studies
which attempt to understand CW and its related issues in other socio-economic contexts, as
researchers can conduct their investigations to structure future research and provide further
improvement. Empirically, the BF is to be implemented through assessing the integrated factors
in a real-life social context (whether on an individual project, organisation, country or
geographical regional basis) in consultation with targeted stakeholders to formulate a set of
various scenarios so that the best CWM strategies could be identified before being implemented
in practice (see Figure 6.1). Consequently, the BF will provide a solid basis to assist those who
are involved in decision-making in construction (e.g., clients, contractors and consultants),
towards adopting effective measures and the required mechanisms for improving CWM
behaviour and obtaining effective CWM outcomes. Osmani et al. (2006) noted that the
143

increasing awareness of CWM and its resulting benefits has led to a growing demand from
construction stakeholders to improve waste minimisation performance in construction projects.
Further, the BF is of value in facilitating the establishment of policies and regulations from the
relevant governmental authorities for the promotion of effective CWM, and thus sustainable
development for the Jordanian construction sector. According to Gangolells et al. (2014),
reliable information can help governments and professional associations to set future CW
management regulations, training programmes and dissemination tools. Figure 6.1 illustrates
the operationalisation process of the BF and is divided into three stages:

Figure 6.1: The application process of the BF in a real-life social context

▪

Stage one: This involves the analysis and evaluation of the BF to address CW issues in a
particular case study (e.g., project, organisation, etc). There are no universal standards for
selecting what test procedures or criteria to use for analysing and evaluating the BF, as the
evaluation process can be conducted through either qualitative or quantitative data
collection and analysis methods, in relation to the identification of the factors influencing
CWM behaviour in case study context. The choice of a method is, however, usually
determined by the number of cases available, which does not allow statistical techniques to
be used. For instance, Renzi and Klobas (2008) and Zoellner et al. (2012) suggested that
qualitative theory testing (e.g., interviews and data coding) is mostly used when there is a
limited number of cases (targeted sample) in the under study. On the other hand, a number
of authors (e.g., Hyde, 2000; Grix, 2018; J. Li et al., 2018a) recommended the use of a
144

quantitative method (e.g., survey questionnaires and factor analysis) for testing social
theories and frameworks, when there is a large number of cases in the case under study.
▪

Stage two: This involves formulating an information structure based on the findings from
the first stage that will provide scenarios and, thus, guidelines for the development of
appropriate CWM approaches and strategies. Such scenarios can be assessed, if necessary,
for further refinement and/or validation.

▪

Stage three: This involves the effective implementation of the developed approaches and
strategies in order for CWM issues to be properly addressed. Such approaches can be
refined and further developed based on the feedback from implementation.

In terms of application within a construction project, the BF can be applied at any stage and
phase (e.g., tender, design, construction stage); it is to be determined by the decision makers as
to when to schedule its application. However, the effectiveness of the BF can vary between
construction projects depending on the nature of the project and the time period of the
framework application. For example, a client may identify a certain CWM strategy based on
the BF testing outcomes, however, they can fail to achieve good results that may also lead to a
higher project cost simply because the budget aspect of CWM was not considered. Furthermore,
a client may not achieve successful CWM outcomes if there is insufficient time to investigate
and identify effective CWM approaches. Equally, the BF could be highly successful if
implemented at a very late stage of a construction project if effective reward mechanisms are
introduced which bear no impact on additional resources. Therefore, further work is required
to investigate the time aspect regarding the effective application of the BF in order to achieve
the most effective CWM results.
In conclusion, the primary benefit of implementing the BF lies in the enhancement of the
explanatory power in the prediction of CWM behaviour of the Jordanian contractors.
Additionally, the process of the BF development can be a useful reference for other studies
which attempt to understand CW and its related issues worldwide. The significance of the BF
is that it can be applied by different groups of construction stakeholders and in different periods
and stages in construction projects (or within organisations, regional or country contexts).
Moreover, the application process of the BF can be conducted using different methods of
evaluation and testing. Accordingly, this results in an effective, flexible and more reliable
application of the BF towards achieving successful waste minimisation outcomes in
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construction projects. The next section discusses the development process of the BF based on
the findings of both the literature review (Chapters 2 & 3) and the Delphi study (Chapter 5).

6.5 The BF development and structure
The BF consists of four constituent variables that work together to explain and predict CWM
behaviour. These are: personal, technological, social and organisational variables, as illustrated
in Figure 6.2. Personal variable involves factors which refer to the perceptions and beliefs which
influence the adoption of CWM behaviour; technological variable involves factors which refer
to the technology’s characteristics that could impact behaviour towards its adoption. Social
variable involves factors which refer to the cultural issues that reflect a sense of social pressure,
either voluntarily or mandatorily, towards the adoption of CWM behaviour. Finally,
organisational variable involves factors which refer to the organisational internal issues that
influence the degree of ease or difficulty of performing CWM behaviour.

Figure 6.2: The BF structure

According to the literature review (see section 3.4), numerous studies have revealed the
significance of personal factors such as knowledge, personal norms and perceived usefulness,
and their impact on waste minimisation in construction projects. The individual’s self-efficacy
can determine their capabilities to perform or not to perform the behaviour (Bandura, 1986). In
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other words, people will take the lead role in driving sustainability forward and bringing about
the necessary changes in an organisation with regard to CWM. Social factors were also of great
interest in previous research studies (see section 3.4) due to their huge effect on CWM
behaviour. According to J. Li et al. (2018a), in terms of the overall effect on CWM behaviour,
social pressure plays a significant role in influencing the individual’s performance and actions.
With regard to technological factors, it was noted when undertaking the literature review (see
section 3.4) that such factors was given little attention despite their huge impact on the
willingness to adopt LWTs that support CWM. This was confirmed by the Delphi study (see
section 5.3.3), as the findings showed strong agreement that issues associated with technologies
adoption can significantly affect the likelihood of their acceptance. A great deal of emphasis
was placed on the effect of organisational factors in providing opportunities and the necessary
requirements that will facilitate the adoption of CWM behaviour. The effective adoption of
CWM behaviour depends heavily on the support of a well-balanced infrastructure consisting of
an interaction between the important issues which affect the work environment (Thompson et
al., 2003). Notably, the novelty of the BF is that it incorporates all the aforementioned variables
which are considered essential for effective prediction of CWM behaviour, as according to the
literature review (see sections 3.3.5 & 3.4), each of the existing adoption theories and
frameworks have been criticised for being too simplistic and inadequate in successfully
predicting the factors impeding the adoption of CWM behaviour.
The development of the BF is based on the discussion and tabulation of the results of the
literature review (Chapters 2 & 3) as well as the results of the Delphi study (Chapter 5). The
literature review Chapter 3 identified a list of factors (see section 3.4) influencing the behaviour
of contractors towards CWM adoption. This is in addition to the issues identified through the
literature review in Chapter 2 which limit the successful adoption of CWM (section 2.4.3). As
explained in section 4.5.5.1, secondary data from the literature review will be combined with
primary data in order to ensure that it is comprehensive, up-to-date and appropriate for the
precise needs of this study, which in this particular case is to ensure that it is relevant to Jordan.
Subsequently, a Delphi study (Chapter 5) involving members of the Jordanian contractors was
conducted to gather qualitative primary data to be combined with the secondary data from the
literature review to develop the BF of factors influencing the behaviour of Jordanian contractors
towards CWM behaviour (see Figure 6.3).
The researcher argues that the BF adoption is based on a dynamic interaction between the four
variables (personal, technological, social & organisational) influencing CWM behaviour (see
Figure 6.2). This is because there is a clear cause-effect relationship between the integrated
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factors within the aforementioned variables and, thus, failure to consider any one of them will
lead to failure for achieving successful CWM behaviour. For example, if a worker has the
necessary construction-related knowledge, he/ she may not be able to successfully implement
CWM without senior management support, or without adequate time and money resources, and
vice versa. According to the cross-referencing of the findings from the literature review with
the Delphi study (discussed in the following subsections), 10 main factors, which includes 31
subfactors, are identified and have been combined in order to develop the initial BF to support
the adoption of the waste minimisation behaviour by contractors in Jordanian construction
projects (see Figure 6.3). However, it should be noted that the BF variables, including its
integrated ten factors, will be subject to inclusion or exclusion at the framework validation stage
of this study; this will be described in detail in the next chapter: Validation of the BF. The
following subsections discuss the tabulation process of the findings of both the literature review
and the Delphi study and their respective contributions to the development of the BF.
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Figure 6.3: The initial BF of factors influencing the behaviour of Jordanian contractors
towards CWM
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6.5.1 Personal variable
As highlighted in the previous section, findings from both the literature review (sections 2.4.3.5
& 3.4) and the Delphi study (section 5.3.2) identified that personal factors are associated with
the behaviour of Jordanian contractors towards their engagement with CWM. These factors are
discussed in detail below:
▪

Construction-related knowledge factor
According to the literature review (sections 2.4.3.5 & 3.4), the awareness and understanding
of the CW subject have a profound impact on the behaviour of employees towards CWM.
This includes knowledge and experience of the causes and types of CW and its minimisation
approaches as well as awareness of the benefits of CWM in terms of cost savings and
environmental and social sustainability. These issues have been identified to a great extent
by past research (e.g., Teo & Loosemore, 2001; Al-Hajj & Hamani, 2011; Udawatta et al.,
2015; Sepasgozaar et al., 2017; J. Li et al., 2018a; Luangcharoenrat et al., 2019). Their
studies revealed that such issues help to raise contractors' perceptions of the subject of CW
which in turn will increase their consciousness of the implications of their activities in the
project and, therefore, effective CWM can be achieved. However, cross-referencing the
construction-related knowledge factor that emerged from the Delphi study (see section
5.3.2.1) with the issues that had already been identified from the literature review (see
sections 2.4.3.5 & 3.4), highlights one additional significant issue that had not been found
previously in the literature (see Table 6.1).
Table 6.1: Cross-referencing of construction-related knowledge factor based on the
tabulation of findings from the literature review and the Delphi study
Construction-related knowledge subfactors

Literature

Delphi study

1. Awareness of the causes and types of CW

✓

✓

2. Knowledge and awareness of low waste technologies

✓

✓

3. Skills and expertise in the handling of construction errors

×

✓

4. Awareness of the financial gains of CWM

✓

✓

5. Awareness of the negative environmental impacts of CW

✓

✓

From Table 6.1, it can be seen that the Delphi study confirmed all the issues that had been
previously identified through the literature review under the construction-relatedknowledge factor. However, discussions during the Delphi study were more detailed
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compared to the literature review and focussed specifically on Jordan. For example, the
discussions in the literature review concentrated mostly on the effectiveness of LWTs as
well as the skills in applying such technologies. The experts’ panel in the Delphi study,
however, were more focused on understanding the different types of LWTs to promote their
adoption more efficiently in order to achieve improved CWM results. This is due to the fact
that the majority of Jordanian contractors are adopting the familiar conventional methods
of construction with minimal technology adoption.
In terms of awareness and knowledge of the resulting benefits of CWM, findings from the
Delphi study confirmed the significant impact of such issues on the willingness of
contractors towards minimising CW. Indeed, Udawatta et al. (2015) indicated that
awareness of financial incentives (cost saving) helps to motivate project stakeholders in
taking effective action towards CWM. However, the experts noted that there is a general
lack of awareness of the significant environmental impact of CW, particularly among
labourers. This is because most of the construction labourers in Jordan have low educational
attainment and, therefore, are less informed about such an issue.
One new issue emerged through the Delphi study: knowledge of the handling of
construction errors (see section 5.3.2.1). The findings of the Delphi study indicated that this
issue is a key requirement for on-site management in order to control the level of waste
production. According to the experts’ panel, rework resulting from design changes and
construction errors are common issues facing contractors in Jordanian construction projects.
Therefore, their focus was on managers and their capability and competency in handling
such issues in construction sites.
▪

Personal norms factor
The literature review (sections 2.4.3.5 & 3.4) showed that personal norms is one of the most
important issues affecting CWM. Personal perception and judgment, desire for decision
objectives and consequences of decision making can be perceived as a form of personal
obligation towards CWM, since the benefits of CWM are shared within the work
environment and community in addition to the person involved. Previous studies revealed
that such issue is relatively important predictor with regard to commitment to CWM
behaviours. However, it is heterogeneous across individuals since the consequences of
violating or upholding personal norms are tied to one's self-concept (Davies et al., 2002;
Bortoleto et al., 2012; Yuan & Wang, 2017). The cross-referencing of the issues that
emerged from the Delphi study (see section 5.3.2.2) with those identified from the literature
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review under the personal norms factor (see sections 2.4.3.5 & 3.4), highlights differences
as displayed in Table 6.2).
Table 6.2: Cross-referencing of personal norms factor based on the tabulation of findings
from the literature review and the Delphi study
Personal norms subfactors

Literature

Delphi study

1. Courtesy between the different levels of employees

×

✓

2. Religious obligations

×

✓

3. Perceived shared benefits

✓

✓

From Table 6.2, the findings from the Delphi study confirmed what had been previously
identified through the literature review regarding perceived shared benefits. However, one
interesting issue was identified in relation to such issue, as in this Delphi study, it has been
found that religious obligation of some employees can provide moral guidance and rules
regarding the implementation of their work. This is because some employees’ actions are
derived from their religious beliefs when performing construction work, and they feel
obliged in performing their work in the best way possible with minimum negative
consequences such as generating CW. According to the experts’ panel, Jordan is highly
influenced by religious and cultural traditions when it comes to their actions and, therefore,
religious obligations is an important issue when it comes to the job performance. Courtesy
between managers and employees is another interesting issue emerged from the Delphi
study which seems to have a major impact on the behaviour of Jordanian contractors
towards CWM (see section 5.3.2.2). This is because such issue helps to build a strong
relationship between both parties and create a positive working atmosphere. This will
encourage employees to be more loyal to the organisation and, therefore, increase
productivity.
▪

Perceived usefulness factor
The literature review (sections 2.4.3.5 & 3.4) revealed that the benefits of conducting CWM
at the project as well as the community level has a profound impact on CWM behaviour.
Previous studies revealed that benefits such as cost reduction, rewards, environmental
benefits and enhancing the work performance can largely incentivise contractors towards
the adoption of CWM behaviour (Osmani et al., 2006; Yuan et al., 2018; Liu et al., 2019).
Table 6.3 shows the results of cross-referencing the perceived usefulness factor that
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emerged from the Delphi study (see section 5.3.2.3) with the issues that had already been
identified from the literature review (see sections 2.4.3.5 & 3.4).
Table 6.3: Cross-referencing of perceived usefulness factor based on the tabulation of
findings from the literature review and the Delphi study
Perceived usefulness subfactors

Literature

Delphi study

1. Cost reduction incentives

✓

✓

2. Enhanced work performance incentives

✓

✓

3. Health and safety incentives

×

✓

4. Rewards incentives

✓

✓

5. Environmental benefits incentives

✓

✓

From Table 6.3, it can be seen that the Delphi study confirmed the effect of all the issues
that were reported in the literature review under the perceived usefulness factor. There were
no doubts among the panel of experts about the value of CWM in terms of its resulting
benefits. However, the main focus of their discussions was over the financial benefits since
it acts as the strongest incentive towards adopting CWM behaviour. For example, the
experts focused on project cost reduction as a key advantage that highly incentivises
Jordanian contractors towards CWM. As argued by Liu et al. (2019), managers are highly
interested in cost, time and quality objectives. Moreover, findings of the Delphi study (see
section 5.3.2.3) emphasised that CWM can lead to the enhancement of work performance
through time and cost saving and by enhancing the quality of work. Therefore, such issues
can benefit both managers and workers by maximising the profit and enhancing the
workflow in the construction project.
With regard to rewards, experts indicated that benefits which can be gained through
involvement in CWM can help raise motivation towards adopting CWM behaviour. For
instance, bonuses and promotions can encourage managers, supervisors and labourers in
minimising CW. This supported the research by Osmani et al. (2006) who stated that
ﬁnancial rewards was one of the key incentives to drive waste minimisation for both
architects and contractors. One new issue that emerged from the Delphi study findings
regards the health and safety of the on-site workers. The experts highlighted the importance
of CWM in order to avoid accidents and injuries which are common issues in Jordan.
Notably, the health and safety standards for construction projects in Jordan are mostly
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focused on large construction projects, whereas small to medium size projects do not often
comply with such standards.
▪

Additional factors
The literature revealed that factors such as “believe that waste is inevitable” can have an
impact on the behaviour of contractors towards the success and effectiveness of CWM (Teo
& Loosemore, 2001; Ajayi et al., 2015, 2016; Wu et al., 2017). According to AbarcaGuerrero et al. (2017), the perception that waste minimisation efforts will never be sufficient
to completely eliminate waste in construction activities can significantly affect willingness
to minimise CW. Ajayi et al. (2015, 2016) revealed that there is a general belief among
contractors that waste is accepted as inevitable, which in turn is considered a huge barrier
limiting the adoption of CWM. The interview findings in the Delphi study confirmed what
was reported in the literature review. Table 6.4 shows the results of cross-referencing the
issues that emerged from the Delphi study (see section 5.3.2.4) with issues appearing in the
aforementioned studies in the literature (see sections 2.4.3.5 & 3.4).
Table 6.4: Cross-referencing of the additional factors based on the tabulation of findings
from the literature review and the Delphi study
Additional factors

Literature

Delphi study

1. Perceived increased workloads

×

✓

2. Belief that waste is inevitable

✓

✓

In Table 6.4, the process of cross-referencing the additional factors reveals that the findings
of the Delphi study confirmed what had been previously identified through the literature
review with regard to the second factor. The experts’ panel emphasised that the beliefs
among Jordanian contractors about waste being inevitable in construction projects can have
a huge negative impact on CWM. In fact, the panel of experts indicated that the introduction
of courses intended to raise the awareness of contractors, especially labourers, regarding
this issue had been proposed by a number of firms in the Jordanian construction industry.
One interesting issue that was identified which did not feature in the literature review was
the perceived increased workload (see section 5.3.2.4). According to the findings of the
Delphi study, the perception that CWM will increase the workload has a major influence on
employees’ attitudes towards minimising waste in Jordanian construction projects. The
experts’ panel elaborated that such perceptions can result in workers neglecting the aspect
of minimising waste as they believe that it requires more time and effort in terms of waste
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sorting, collection or even source reduction measures and, therefore, will increase the
workload. Notably, the experts’ comments were mainly concentrated on labourers, as most
of their job required physical work, therefore, they would be responsible for the most effort
if there was any increased workload.

6.5.2 Technological variable
Findings from both the literature review (sections 2.4.3.5 & 3.4) and the Delphi study (section
5.3.3) showed that technological factors are significantly associated with the level of acceptance
of LWTs in Jordanian construction projects. These factors are discussed in detail below:
▪

System ease of use factor
According to the literature review (sections 2.4.3.5 & 3.4), there is a strong correlation
between the ease of use of LWTs and the likelihood of their adoption. According to a
number of construction-related studies (e.g., Son et al., 2012; Sepasgozaar et al., 2017) the
degree to which a technology is perceived as difficult to understand and use will affect the
willingness of the project managers in adopting that technology. Son et al. (2012) noted that
complexity in utilising some LWTs is a challenging issue as it requires skilled experts and
can be difficult to understand and, will therefore affect the degree of their acceptance. The
cross-referencing of the system ease of use factor that emerged from the Delphi study (see
section 5.3.3.1) with the issues that had already been identified in the literature review
(sections 2.4.3.5 & 3.4), is discussed in Table 6.5.
Table 6.5: Cross-referencing of system ease of use factor based on the tabulation of findings
from the literature review and the Delphi study
System ease of use subfactors

Literature

Delphi study

1. System complexity and learning difficulties

✓

✓

2. Technical support from vendor

✓

✓

From Table 6.5, it can be seen that the Delphi study confirmed all the issues that had been
previously identified through the literature review under the system ease of use factor. The
experts’ panel showed strong agreement with the influence of "ease of use" on the
successful adoption of LWTs in construction projects. Concern was voiced by both
managers and employees that the complexity of a technology is a strong inhibitor to
managers’ willingness to adopt such technology instead of using traditional methods of
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construction. For instance, working with complex equipment and a complicated operation
process can strongly decrease the likelihood of technology adoption in construction
projects. Furthermore, some experts argued that difficulties may exist in integrating the
outcome of some complex technologies with other components of the project and, therefore,
there was a strong chance of errors and mistakes occurring which would result in waste.
It was also clear that technical support from vendors was considered a major issue that
would facilitate the adoption of LWTs in construction projects. The findings of the Delphi
study emphasised the fact that the availability of technical support from vendors can
strongly restrict technology usage, as guidelines and directions may be required when
utilising certain LWTs (see section 5.3.3.1). Sepasgozar et al. (2017) noted that lack of
vendor support can significantly discourage technology adoption. This issue is unique to
the Jordanian construction sector due to the fact that there is a lack of professional bodies
that provide technical assistance and support in the utilisation of LWTs and especially those
that are perceived as complex.
▪

System compatibility factor
According to the literature review (sections 2.4.3.5 & 3.4), there a strong correlation between
the degree to which a technology is perceived as being compatible with existing needs and
the likelihood of its adoption. Past research studies (e.g., Lee & Yu, 2016; Sepasgozaar et
al., 2017; Shirowzhan et al., 2020) revealed that the compatibility of LWTs with the work
environment, current methods of construction and overall objectives will have a significant
influence on the organisation’s intention to adopt that technology. Sepasgozaar et al. (2017)
have argued that the compatibility of construction technology, in terms of integrating the
outcomes with other building components, and incorporating services and reinforcement is
very important in order to achieve better, faster and perhaps lower-cost buildings. Table 6.6
illustrates the cross-referencing of the system compatibility factor that emerged from the
Delphi study (see section 5.3.3.2) with the issues that had already been identified from the
literature review (sections 2.4.3.5 & 3.4).
Table 6.6: Cross-referencing of system compatibility factor based on the tabulation of
findings from the literature review and the Delphi study
System compatibility subfactors

Literature

Delphi study

1. Compatibility with the existing construction practices

✓

✓

2. Compatibility with the project nature

✓

✓
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From Table 6.6, it can be seen that the Delphi study confirmed both issues that had been
previously identified through the literature review under the system compatibility factor. The
findings from the Delphi study supported the literature findings, as integrating some LWTs
with existing construction practices can sometimes prove challenging. Experts explained
that the adoption of LWTs can face difficulties as some of these technologies may not be
compatible with the traditional methods of construction practiced by contractors. For
instance, some of the traditional construction methods are simple and depend on basic
resources and are, consequently, incompatible with advanced technologies. This issue was
expressed with great concern as the current status of the Jordanian construction industry is
still suffering from insufficient adoption of contemporary technologies. This is because
many contractors (particularly small or medium-sized contractors) are still using the old
traditional methods of construction that often do not contribute to sustainability. The
compatibility of some LWTs with the project nature was also found to be a major issue
affecting the adoption of these technologies (see section 5.3.3.2). The experts’ panel said
that the type, size and budget of a construction project may not fit with a particular
technology, as some construction projects are very simple or have limited budgets and do
not necessarily require advanced technologies. However, some experts added that such a
scenario can work in both directions as some construction projects may be too large or
complex, therefore the utilisation of certain LWTs that are unsuitable for the project can be
too expensive.

6.5.3 Social variable
Findings from both the literature review (sections 2.4.3.5 & 3.4) and the Delphi study (section
5.3.4) confirmed that social pressures can significantly influence the behaviour of contractors
in Jordan towards adopting CWM. Social factors are divided into two main factors: descriptive
and injunctive norms. Each factor includes subfactors discussed in detail below:
▪

Descriptive norms factor
The literature review (sections 2.4.3.5 & 3.4) revealed that descriptive norms which are
accompanied by the expectation that individuals will behave according to a particular
pattern, play a significant role in the behaviour of contractors towards CWM. Past research
(e.g., Lorente et al., 2014; Liu et al., 2018; Yuan et al., 2018; J. Li et al. (2018a) revealed
that individual CWM behaviour can be largely influenced by the behaviour of colleagues
and/or managers. J. Li et al. (2018a) argued that the social pressure on workers to contribute
to CWM activities is dictated largely by managers' willingness to commit organisational
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resources to it. The process of cross-referencing the descriptive norms factor that emerged
from the Delphi study (see section 5.3.4.1) with the issues that had already been identified
in the literature review (see sections 2.4.3.5 & 3.4) is discussed in Table 6.7.
Table 6.7: Cross-referencing of descriptive norms factor based on the tabulation of findings
from the literature review and the Delphi study
Descriptive norms subfactors

Literature

Delphi study

1. The practices of peer-practitioners

✓

✓

2. Interest of contractors in CWM

✓

✓

3. Wasteful culture

×

✓

From Table 6.7 it is clear that the experts in the Delphi study confirmed what had been
previously identified within the literature review under the descriptive norms factor. They
confirmed the significant effect of the practices of co-workers on the individual’s
engagement with CWM, in the sense that the individual is largely influenced by the actions
and attitudes of their workplace peers. However, the Delphi results were more detailed
compared to the literature review. This is because the result indicated that such issue can
work in both ways; while the poor and unproductive work performance of co-workers can
affect individual engagement in CWM, the professionality and perfectionism of colleagues
can also incentivise the worker to perform high standards of work performance and
therefore promote CWM. Further, the experts indicated that the performance of CWM can
also be influenced by the level of interest from managers towards CW. This is usually
because the employees, particularly foremen and labourers, are less likely to adopt waste
minimisation behaviour when they perceive that the managers are not that concerned about
CW.
Wasteful culture is an interesting issue which did not feature in the literature review and
emerged as a new issue which can significantly influence the behaviour of Jordanian
contractors towards CWM (see section 5.3.4.1). The experts’ panel paid more attention to
the contractors’ behaviour in CWM in terms of its being affected by the society’s morals in
addition to the surrounding work environment. They explained that Jordan’s society is
strongly influenced by consumerism and materialism which encourages wasteful habits in
people, including those in the construction industry.
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▪

Injunctive norms factor
According to the literature review (sections 2.4.3.5 & 3.4), the regulatory environment plays
a crucial role in promoting CWM practices. Previous studies (e.g., Udawatta et al., 2015;
Wu et al., 2017; Yuan et al., 2018; Liu et al., 2018; 2019) suggested that in order to achieve
CWM targets, subjective norms should be strengthened through mandatory systems, as the
success of CWM depends heavily on the compulsory laws and regulations in terms of
pressuring contractors towards minimising waste in construction projects. Table 6.6 shows
the process of cross-referencing the injunctive norms factor that emerged from the Delphi
study (see section 5.3.4.2) with the issues that had already been identified in the literature
review (see sections 2.4.3.5 & 3.4).
Table 6.8: Cross-referencing of injunctive norms factor based on the tabulation of findings
from the literature review and the Delphi study
Injunctive norms subfactors

Literature

Delphi study

1. Financial charges and penalties

✓

✓

2. Governmental supervision

✓

✓

3. Green construction practices

✓

✓

From Table 6.8, it is clear that the Delphi study confirmed all the issues that had been
previously identified in the literature review under the injunctive norms factor. During the
interviews in the Delphi study, the issue of financial charges and penalties was recognised
by the experts as having a major impact on the success of waste minimisation in Jordanian
construction projects. The experts’ panel elaborated on this issue and concluded that waste
disposal charges and penalties for illegal dumping can increase the likelihood of the
recycling and safe disposal of CW. Financial charges and penalties can also increase the
likelihood of contractors reusing excavated soil which is considered, according to the
experts panel, as one of the highest proportions of dumped materials in the Jordanian
construction sector.
Clearly, strict governmental supervision is an important aspect to ensure that laws are
enforced and, therefore, there is better implementation of CWM (Wu et al., 2017). The
findings of the Delphi study (section 5.3.4.2) showed strong agreement with such an issue
especially as illegal dumping of CW is a very common practice in Jordan’s construction
industry. They emphasised that through inspections and the strict monitoring of CW
handling, transportation and disposal, the practice of illegal dumping will be more
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controlled and CW disposal can be better managed. With regard to green construction
practices, the panel of experts revealed that the provision of effective waste management
plans can exert a sense of obligation on managers towards adopting CWM. However, the
experts were highly focused on the aspect of regulation implementation of green
construction practices (e.g., BREEM) in Jordan. This is due to their major advantages and
contribution to CWM. Notably, the green construction concept had already been introduced
in the Jordanian construction sector (Matarneh, 2017), nonetheless, the adoption of such a
system is still very minimal. A possible reason for this is that apartment buildings account
for the majority of construction projects in Jordan (Jordan Strategy Forum, 2019) and
therefore, according to the experts, most of the project stakeholders are mainly interested in
profit maximisation; this interest overcomes any interest adopting green practice (i.e., green
building).

6.5.4 Organisational variable
Findings from both the literature review (see sections 2.4.3.5 & 3.4) and the Delphi study
(section 5.3.5) showed that organisational factors can significantly influence the degree of ease
or difficulty in performing CWM behaviour in Jordanian construction projects. These factors
are discussed in detail below:
▪

Project constraints factor
According to the literature review (see sections 2.4.3.5 & 3.4), the quality of work is
constrained by the project’s budget, deadlines and scope. A number of authors (e.g.,
Fapohunda & Stephenson, 2011; Madhavi et al., 2013; Lorente et al., 2014; AbarcaGuerrero et al., 2017) have noted that the more resources and opportunities that the
employees, especially supervisors and labourers, believe they possess in construction
projects, the fewer obstacles they anticipate and consequently the greater level of perceived
control over CWM behaviour. The cross-referencing of the project constraints factor that
emerged from the Delphi study (see section 5.3.5.1) with the issues that had already been
identified in the literature review (see sections 2.4.3.5 & 3.4), is discussed in Table 6.9.
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Table 6.9: Cross-referencing of project constraints factor based on the tabulation of findings
from the literature review and the Delphi study
Project constraints subfactors

Literature

Delphi study

1. Time constraints

✓

✓

2. Cost constraints

✓

✓

From Table 6.9 it can be seen that the Delphi study confirmed both issues that had been
previously identified through the literature review under the project constraints’ factor. The
findings from the Delphi study identified that many project managers in Jordan focus on
maximising their profit and neglecting the issue of CWM. The experts indicated that
neglecting the adoption of effective CWM measures, such as assigning adequate and
sufficient resources and the use of LWTs, is common among Jordanian contractors in order
to increase their profits. However, their arguments consistently seemed to refer back to time
constraints in relation to the ease of adopting effective CWM behaviour (see section
5.3.5.1). A possible reason for this is that time pressures prevent workers from performing
high standards of construction work. Indeed, as noted by Wu et al. (2017), when the duration
of the project is limited, the contractor may implement fewer CWM measures.
▪

Facilitating conditions factor
The literature review (see sections 2.4.3.5 & 3.4) demonstrates that the provision of
requisite opportunities and resources by the organisation is very important in order to
facilitate the adoption of CWM behaviour. A number of authors (e.g., Wang et al., 2008;
Al-Hajj & Hamani, 2011; Lee et al., 2012; Yuan et al., 2018) revealed that intention, in
conjunction with appropriate opportunities and resources, enables the attainment of a
behavioural goal in CWM. The cross-referencing of the facilitating conditions factor that
emerged from the Delphi (see section 5.3.5.2) study with the issues that had already been
identified from the literature review (see sections 2.4.3.5 & 3.4), highlights differences as
displayed in Table 6.10.
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Table 6.10: Cross-referencing of facilitating conditions factor based on the tabulation of
findings from the literature review and the Delphi study
Facilitating conditions subfactors

Literature

Delphi study

1. On-site planning and management

✓

✓

2. Technical support

✓

✓

3. On-site supervision

✓

✓

4. Training and information support

✓

✓

5. Management change

×

✓

From Table 6.10, the findings from the Delphi study confirmed all the issues that had been
previously identified through the literature review under the facilitating conditions factor.
There was no doubt from the experts’ panel that organisational support is an important issue
which can strongly influence the feasibility of the work. In terms of on-site planning, the
findings of the literature review are supported by the findings from the Delphi study,
confirming that good on-site planning and management is a key issue that strongly
influences and streamlines the construction process towards being well managed and more
productive and which leads, ultimately, to CWM. However, discussions during the Delphi
study were focused on the issue of using poor and worn-out building equipment, especially
as such equipment is still being utilised by many small-size contractors in the Jordanian
construction sector. Al-Rifai and Amoudi (2016) noted that the quantity of materials
saved through using efficient construction equipment can be significant in a
construction project.
The findings of the Delphi interviews revealed that adequate provision of technical support
by the organisation can strongly affect the degree of ease/ difficulty in conducting CWM
measures. However, the discussions of some experts were concentrated mostly on the
technicalities regarding the implementation of LWTs, as the Jordanian construction industry
is still suffering from insufficient adoption of contemporary technologies and, thus, requires
more consideration and support from project managers. Clearly, company policies such as
on-site supervision is an important aspect in ensuring the implementation of standard work
performance and, hence, minimising CW. The findings of the Delphi study showed strong
agreement that monitoring the work performance through strengthening site supervision, is
very important for project managers during the entire period of the construction process in
order for the CW generation to be more controlled.
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Furthermore, providing education and training on the different aspects of waste was also
found to be a contributing issue towards improving the awareness and knowledge of
Jordanian contractors in order for the company to achieve its targets (see section 5.3.5.2).
Construction literature (e.g., Teo & Loosemore, 2001; Wang et al., 2008; Udawatta et al.,
2015) showed that the effectiveness of CWM can be improved by educating supervisors
and staff about waste minimisation strategies highlighting its resultant advantages. One
interesting new issue that was identified through the discussion of the Delphi study was
effective change management (see section 5.3.5.2). The panel of experts indicated that
management changes, which can be frequent, can heavily impact waste minimisation. This
is due to the fact that well-organised management changes help in maintaining the workflow
of the construction process, avoid any interruptions and reduce difficulties for workers in
following up with new plans. If these changes do not occur, it will result in confusion among
workers and tasks overlapping which can increase the chance of generating CW.
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6.6 Conclusion
This chapter presented the development of an initial BF (see Figure 6.3) of the factors
influencing the behaviour of contractors towards CWM in Jordan. This was based on the
tabulation of the key findings from the literature review (Chapters 2 & 3) and the Delphi study
(Chapter 5). All the factors in the literature review have been substantiated by the Delphi study
except for seven interesting subfactors which emerged from the Delphi study and are foreseen
to have a major impact on the behaviour of Jordanian contractors towards CWM. These are: (I)
skills and expertise in the handling of construction errors, (II) courtesy between the different
levels of employees, (III) religious obligations, (IV) health and safety incentives, (V) perceived
increased workloads, (VI) wasteful culture and (VII) management change. According to the
Delphi study, such issues seem to be culturally specific and are strongly associated with the
traditions and culture of the Jordanian construction sector. Nonetheless, it is important that the
BF is validated to ensure that it is acceptable for its intended use and meets specified
performance requirements. Therefore, the following chapter will validate the BF from the
perspective of contractors in Jordan who have extensive experience in the construction industry.
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Chapter 7
Validation of the Behavioural Framework (BF)
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7.1 Chapter overview
Chapter 6 formulated a BF that seeks to identify and understand the factors influencing the
behaviour of Jordanian contractors towards CWM. The development of the BF was based on
the triangulation of findings from the literature review (Chapters 2 & 3) and the Delphi study
(Chapter 5). The aim of this chapter is to validate the BF, through an industry review, for
widespread application in the Jordanian construction context, and to further investigate the
importance of the factors in the framework by means of an industry workshop among Jordanian
contractors. This chapter begins by presenting the selection process and the profile of the
respondents participating in the workshop, followed by a description of the workshop process
discussing the key methodological issues surrounding the collection and analysis of the data.
From this explanation, it proceeds to analyse and discuss the findings from the workshop
validation of the BF. Finally, the eventual outcome and findings and the final BF will be
presented.

7.2 Workshop process and schedule
The validation workshop was successfully conducted in February 2020, at the main office of
the Jordanian Construction Contractor Association (JCCA) in Amman. The JCCA agreed to
host the workshop, and provided the venue and facilities for the workshop which lasted four
hours. As discussed in section 4.5.5.4, the workshop agenda was divided into two
themes/sessions of discussion (see Appendix 5). The first session began with an introduction
by the researcher explaining his background and rationale for the research, followed by a
briefing on the objectives of the workshop as well as the ethical and anonymity procedures of
the research. This was followed by a general discussion of the participants’ previous experience
of the adoption of CWM practices in construction projects and this involved two main areas:
the challenges faced during the implementation of CWM measures, and the need for a
framework to assess the implementation of CWM in Jordanian construction projects. During
the second session, the BF, including the factors affecting CWM behaviour, was presented to
the participants for validation. This included verification of the BF factors in addition to the
evaluation of the terminology, structure and applicability of the framework itself. Finally, the
session summarised the conclusions of the workshop by adding any further comments and/ or
recommendations towards CWM. a pilot study was conducted to enhance the appropriateness
and suitability of the workshop questions for achieving the objectives, as discussed in section
4.5.5.4. The participants’ selection is presented in the following subsection.
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7.2.1 Selection of the workshop participants
Following the same inclusion criteria discussed in section 4.5.5.3.2, invitations were sent out
to 50 potential participants from the lists of employees. These invitations contained an
information sheet explaining the purpose and process of the workshop as well as a consent form
and a short questionnaire, which included a list of questions to ensure the potential participants
met the inclusion criteria (Appendix 4). A total of 21 respondents agreed to participate, resulting
in a 42% response rate. Based on the answers received from the short questionnaire, only 13
participants were considered as the true sample completely satisfying the inclusion criteria to
participate in this workshop. While it is acknowledged that a larger sample may have allowed
additional insights to be gathered, it is asserted that only seven participants were seen by the
researcher to be a sufficient and feasible number to validate the BF (explained in section
4.5.5.4). The details of the seven participants are presented in Table 7.1. Their identities have
been anonymised (i.e., P1, P2, etc.).

Table 7.1: Profiles of the workshop participants
Name

Education level

Participants discipline group

Experience (years)

P1

MSc in Civil engineering

Lead manager

27

P2

MSc in Architectural engineering

Lead manager

22

P3

BSc in Civil engineering

Project manager

15

P4

BSc in Material engineering

Project manager

10

P5

BSc in Architectural

Project manager

18

P6

BSc in Civil engineering

Site manager

9

P7

BSc in Quantity surveying

Foremen/supervisor

7

7.3 Discussion of the findings
The same technique used in the Delphi study of thematic/ coding analysis is adopted to analyse
the data to form descriptive information and also to identify a pattern of responses amongst the
participants throughout the workshop activities (i.e., group discussion, presentation and plenary
feedback). The patterns were cross-checked with the proposed BF and any differences or
similarities were then used to refine the validity of the final BF and conclusion. Interestingly,
the findings from the workshop did not appear to contradict the findings of the Delphi study,
however, some minor refinements were made to the BF and its incorporated factors as a
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consequence of the results of the participants’ discussions in section 7.4. The following
subsections presents the analysis of the findings from the workshop.

7.3.1 Verification of the need for BF
After completing the workshop’s introduction and ethical procedure briefing during the first
session, the researcher then opened the topic of discussion to the current situation regarding the
adoption of CWM practices in the Jordanian construction industry. Accordingly, three
questions were presented to seek information on the perspectives of the workshop participants.
The first two questions were as follows:

▪

“In your experience and opinion, is it important to understand the issues influencing waste
minimisation behaviour of contractors in construction projects? If so, what are the issues
that you think affect the behaviour of Jordanian contractors towards construction waste
minimisation?”

The aim of these two initial questions is to gain a clear insight into the need for the effective
adoption of CWM measures, and to explore the issues affecting its adoption in the Jordanian
construction industry. It was anticipated that the workshop participants may identify other
issues and concepts that had not been identified from previous findings (the literature review
and the Delphi study) which may, in turn, highlight new areas that need to be focused on that
will then need to be included in the BF.
Immediately, all the participants agreed on the importance of understanding the issues affecting
the behaviour of Jordanian contractors towards CWM. This is because, according to the
participants, the current level of CWM adoption in the Jordanian construction sector is not
satisfactory, since the amount of CW is ever increasing resulting in huge financial losses and
environmental problems. They indicated that it is vital for stakeholders in the construction
industry to appreciate the issues that present themselves as obstacles to the adoption of CWM.
According to all workshop participants, over the last two decades, the construction industry of
Jordan has generated greater volumes of waste than ever before. This is due to the rapid
development of urbanisation in many cities in Jordan. The participants indicated that CW
generation is significantly increasing as the Jordanian construction sector is not making
sufficient effort towards CWM. They argued that this behaviour is clearly obvious from the
large amount of waste being disposed of in landfills each year such as in the GHABAWI
dumpsite, which is considered the largest landfill site in Jordan. Managers (P1, P2 & P5) with
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more than 10 years of experience in the procedures and formalities related to waste disposal in
construction projects, pointed out the fact that the capacity of the designated landfills could not
accommodate the enormous amounts of generated waste and, thus, enforced the authorities to
open new areas for dumping waste. Lead manager P2 said: “…it’s just because there was no
space for anymore waste. the construction industry is really struggling to adopt effective
measures to minimise waste, and this is a real problem. More effort must be made towards this
matter, recycling and reusing should strengthen and dumping waste into landfills should be the
least solution, but unfortunately, for many contractors it’s the preferred solution”. Furthermore,
participants P6 and P7 emphasised the need for the CW issue to be more controlled since large
volumes of waste are illegally disposed in many areas over the entire country, especially in
rural areas.
Furthermore, losses in profit is a very common issue which occurs in Jordanian construction
projects. Many clients and contractors suffer from financial losses which can sometimes be
significant, with Project managers P3 and P5 arguing that such thing, sometimes, is largely
associated with a lack of awareness and not paying enough attention to CWM. Participant P5
said that “…considering the fact that construction waste results in higher cost of construction
process and slow growth of the construction industry performance”. This was confirmed by
lead manager P1 who argued that increasing prices at the tender stage of many construction
projects is a result of the increased final cost of the project due to the cost of wasted materials.
This affects the competitiveness of the organisation and opportunities for obtaining future
projects. Site manager P6 agreed with this, however, he indicated that this is mostly the case
for large-size contractors; as for the small and medium-size contractors the cost of CW is
deducted from their profit in projects with little or no change in their future tender prices. This
is because this type of contractor is usually very competitive in the market and their tender
prices are mostly calculated based on a small percentage of profit and, therefore, they are more
affected by the cost of CW. In response to the second question, all workshop participants
expressed the belief that a number of issues can significantly affect the behaviour of contractors,
from management to labourer level, towards the adoption of CWM in Jordanian projects. These
were as follows:

▪

According to all workshop participants, having a clear and comprehensive background
about the different causes of CW is very important during the construction process.
Understanding the correct work procedures and curtailing any wrong habits regarding the
implementation of work, can help complete the job more efficiently with minimal materials
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wasted. This argument confirms the findings of the Delphi study and the literature review
(see section 6.5.1), as well as highlighting one of the major reasons why it may be more
difficult to implement effective waste minimisation measures in construction projects.

▪

Those in the lower level of the managerial hierarchy (P6 & P7), revealed that a good
employee-manager relationship encourages a strong sense of loyalty in employees while
performing their work. This heightened sense of loyalty, bolstered by mutual respect, can
improve company productivity and maintain employee retention. Supervisor P7 said that
“… when respect is violated between managers and their employees, the quality of the work
will suffer”. This finding is in line with findings from the Delphi study (see section 6.5.1).
However, site manager P6 added an important point saying that a strong employee-manager
relationship encourages a sense of loyalty in employees to go beyond their work remit
ensuring that the work is completed effectively. For example, an employee can perform the
work and agree to make an extra effort as part of their dedication to their managers when
he/ she works in a respectful, encouraging work environment.

▪

According to all participants, maximising the profit of the construction project is a major
concern for many project stakeholders towards CWM. This will increase their interest and
willingness to maintain the minimum amount of CW. However, participants P4 and P7
argued that some contractors and clients do not invest in CWM as they try to reduce costs,
such as the use of LWTs, and invest more time and money in construction planning and
supervision. According to participant P4, this issue could be overcome by enhancing the
awareness of the project stakeholders about the financial gains that can result from the
effective implementation of such measures including enhanced work performance and
quality, increased productivity and less CW generation. This is particularly important for
small and medium-size contractors as they try to maximise their profits as much as possible
by reducing the initial cost while not perceiving the long-term profit from CWM. This
finding is in the line with findings from the literature review as well as the Delphi study
(see section 6.5.1).

▪

According to participants P1, P2, P5, P6 and P7, landfill disposal charges and a higher
penalty for illegal waste dumping, both act as strong influencers in respect of CW collecting
and reuse as well as proper and safe CW disposal. There were no doubts among these
participants that both issues are significant in terms of forcing project managers to adopt
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such measures. This indeed confirms the findings of both the literature review and Delphi
study in section (see section 6.5.3).

▪

Another interesting point was made by those responsible for the project planning (P3, P4 &
P5), in that there is a strong link between the opportunities which a construction
organisation provides and the degree of effort in minimising CW. In this respect, project
manager P5 with the longest experience in project planning pointed out: “…at the end, it
was noted that construction workers over issues such as effective planning, proper
equipment, and adequate material storage, were key constraints affecting to the workers
willingness to conduct construction waste minimisation measures”. The many issues
mentioned in the above quote confirm the findings from the literature review as well as the
Delphi study (see section 6.5.4).

▪

Lead managers P1and P2 indicated that the adoption of modern LWTs is largely useful for
the Jordanian construction industry in respect of CWM. However, they argued that the
adoption of such technologies is mostly dependent on the level of convenience and
practicality of integrating these technologies with the current practices, especially given that
many contractors are still utilising traditional methods of construction. This finding is in
line with findings from the literature review as well as the Delphi study (see section. 6.5.2).

In terms of the responses to the third question:

▪

“Have you used any frameworks in past projects as a means to understand the issues
influencing the adoption of construction waste minimisation behaviour?”

It was interesting to note that the workshop participants revealed that they were not aware of
any behaviour adoption frameworks which could be used to understand the issues influencing
the adoption of CWM behaviour in the Jordanian construction industry. They indicated that in
some projects they have utilised simple and common methods in order to gain information about
issues affecting the job performance in construction projects, such as survey questionnaires and
a complaints form. However, the participants noted that such methods are considered basic and
inadequate in order to effectively explain CWM behaviour. Lead manager (P1) with the longest
experience commented: “we had no idea about any behavioural adoption frameworks that
could deal with the implementation of construction waste minimisation measures, and if we had
known about them, we would have definitely used them”.
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Another participant, P6, added that: “we always depend on the old traditional method when
there is a need to figure out a certain problem affecting the work performance, these methods
can sometimes do the job, but it’s still much better if we have a comprehensive system to employ,
for such situations”. Comments such as this provided the researcher with extra justification for
undertaking this study and also emphasised the importance of ensuring that the results are
properly valid.

7.3.2 Verification of the BF content, structure and applicability
Following discussion on the need for BF, it was presented to the workshop participants who
were then asked to validate the factors within each of the four main variables of the framework
(i.e., personal, technological, social and organisational), affecting CWM behaviour. They were
instructed to assess the BF structure and its integrated factors in terms of terminology,
appropriateness and how applicable they were to the Jordanian context. This validation process
aims to validate the BF through the different perspectives of the workshop participants, from
their knowledge and experiences working the in Jordanian construction industry.

7.3.2.1 Verification of the BF content
To validate the factors influencing the behaviour of Jordanian contractors towards CWM, the
workshop participants were asked the following questions:

▪

“In your experience and opinion, are the factors presented in the BF applicable in the
Jordanian context? Are there any other factors missing?”

The workshop participants were in agreement with all of the BF factors influencing the
behaviour of Jordanian contractors towards CWM. Interestingly, all workshop participants
indicated that not all of the BF factors were considered to have the same degree of significance
as some were seen as more fundamental than others by different participants. They argued that
the level of influence of the factors can be different depending on several issues, such as the
nature of the project, regional location and the particular socioeconomic circumstances a project
takes place in. This is as expected as the BF factors could potentially vary from project to project
when applied. Notably, this confirmed what was reported in section 6.4 about the application
criteria and situation of the BF. Having discussed the workshop participants’ views and
opinions on the factors within the BF, the results from the literature review, the Delphi study
and the workshop are tabulated and presented in Table 7.2. A detailed analysis of the
discussions is presented in the following subsections. It should be noted that as the BF was
introduced, workshop participants provided more insights and highlighted important aspects of
implementation.
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Table 7.2: Cross-referencing of the BF factors based on the tabulation of findings from the
literature review, Delphi study and the workshop
Factors

Subfactors

Literature

Delphi study

Workshop

Awareness of the causes and types of CW

✓

✓

✓

Knowledge and awareness of LWTs

✓

✓

✓

×

✓

✓

✓

✓

✓

Awareness of the negative environmental impacts of CW

✓

✓

✓

Courtesy between the different levels of employees

×

✓

✓

Religious obligations

×

✓

✓

Cost reduction incentives

✓

✓

✓

Enhanced work performance incentives

✓

✓

✓

Health and safety incentives

×

✓

✓

Rewards incentives

✓

✓

✓

Environmental benefits incentives

✓

✓

✓

Additional
factors

Perceived increased workloads

×

✓

✓

Belief that waste is inevitable

✓

✓

✓

System ease
of use

System complexity and learning difficulties

✓

✓

✓

Technical support from vendor

✓

✓

✓

✓

✓

✓

✓

✓

✓

The practices of peer-practitioners

✓

✓

✓

Interest of contractors in CWM

✓

✓

✓

Wasteful culture

×

✓

✓

Financial charges and penalties
Conjunctive
Governmental supervision
norms
Green construction practices

✓

✓

✓

✓

✓

✓

✓

✓

✓

Time constraints

✓

✓

✓

Cost constraints

✓

✓

✓

On-site planning and management

✓

✓

✓

Technical support

✓

✓

✓

On-site supervision

✓

✓

✓

Training and information support

✓

✓

✓

Management change

×

✓

✓

Construction- Skills and expertise in the handling of construction
related
errors
Knowledge
Awareness of the financial gains of CWM

Personal
norms

Perceived
usefulness

Compatibility with the existing construction practices
System
compatibility Compatibility with the project nature

Descriptive
norms

Projects’
constraints

Facilitating
conditions
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7.3.2.1.1 Verification of the factors within the personal variable
All the workshop participants agreed with all of the personal factors in the BF as essential
factors in successfully integrating CWM processes into Jordanian construction projects. The
participants held similar views which confirmed the findings from both the literature review
and the Delphi study (see section 6.5.1). According to participants P1, P2, P3, P5 and P6,
labourer knowledge of CW, especially regarding its causes and the different types, is very
important. Site manager (P6) with extensive on-site experience said: “…even with the best
intentions of reducing unnecessary waste, without the labourers knowing how to do so, it is
very hard to deliver on construction waste minimisation targets”. All project managers (P3, P4
& P5) were particularly enthusiastic when it came to discussing knowledge of how to handle
design changes, especially those imposed by the client, as this is commonplace in the Jordanian
construction industry. They pointed out how, without proper handling of on-site management,
design changes can lead to the generation of excess CW.
Another point made by participants P3, P4, P5 and P7 was that the cost reduction aspects of
CWM can act as a major incentive for project managers. However, they added that whilst
financial incentives encourage some managers, others may not see CWM as an opportunity for
financial gain because they perceive it as an increased cost due to lack of awareness and
knowledge about such an issue. Further, participants P6 and P7 emphasised the importance of
reward incentives and their huge influence on enhancing CWM behaviour. Foremen (P7) with
an extensive experience supervising labourers indicated with regard to CWM incentives, that
there is little controversy over their effectiveness. This was particularly pertinent to labourers,
who are major contributors to CW generation. Despite this, incentive schemes are not
implemented in Jordan and, therefore, participants P6 and P7 strongly believed that more
consideration should be given to this issue.
All participants confirmed the positive effects of good employer-employee relations in order to
improve productivity, and therefore CWM, through an increased sense of loyalty and
commitment. One interesting point was made by project managers P3 and P5, regarding the
perception of many labourers that generating CW is inevitable. They explained that many
contractors use traditional methods of construction, some of which will result in waste
generation by default (unavoidable waste). This, over time, can lead labourers to believe that
this waste is inevitable. Therefore, the adoption of LWTs that can minimise or even eliminate
waste at its source can help change these attitudes. Participant P5 said that “… many contractors
rely on traditional methods, but the criteria of applying some of these construction methods
may result in unavoidable waste, whilst they are unaware alternative methods can prevent this”.
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Lead manager (P1) with more than 15 years’ experience in LWTs, further explained that as a
result, education about the types of technologies that can assist CWM and their effectiveness
should be emphasised. This reflected the comments made by participant P4 in section 7.3.1,
when discussing the importance of enhancing knowledge of LWTs

7.3.2.1.2 Verification of the factors within the technological variable
It is clear from the participants’ discussion that there was consensus on the relevance of the
technological factors to CWM. Particular emphasis was placed on two aspects of the application
of LWTs that aid CWM: operational difficulty in the use of a system, and the compatibility of
a system with the project’s nature (i.e., size, type and budget). It is evident that both have a
strong influence on the success of the projects’ performance, which in turn encourages the
adoption of LWTs to achieve CWM. However, if inappropriate LWTs are applied, they may
negatively affect performance and actually inhibit the adoption of such technologies.
Those that are on the front line and responsible for supervising the implementation of LWTs in
construction sites (P6 &| P7), discussed how system ease-of-use affects the adoption and
success of LWTs’ implementation. They were mostly concerned with the difficulty in operating
complex technological systems and/or tools and applying them efficiently. Site manager P6
indicated that “…a big issue in the Jordanian construction industry is that many projects
sometimes adopt sophisticated, modern technologies, but a lot of contractors lack the
experience to use them properly”. Project manager P4 added that “not many companies in
Jordan can provide the technical support for complex technologies such as BIM, lean, etc. and
this can also make it difficult to use these systems effectively”.
On the other hand, participants P1, P2, P3 and P5 emphasised the importance of system
compatibility particularly with regard to a projects’ type, but also the size and budget, which
are strongly related issues. Project manager P5 explained that “many projects in Jordan are
small to medium-sized, and stakeholders don’t see a lot of construction technologies that could
reduce waste as appropriate, discouraging their adoption”. It became clear in the participants
discussion that many stakeholders may not perceive the application of certain or, in some cases,
all LWTs as suitable, particularly in smaller scale projects. Therefore, Lead managers P1 and
P2 agreed that applying LWTs can benefit CWM, but it is, most importantly, a matter of
selecting the appropriate technology for a specific project.
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7.3.2.1.3 Verification of the factors within the social variable
With regard to social factors, it was notable that the participants, particularly those that are in
the upper level of the managerial hierarchy (leader managers & project managers), focused
more on the role of conjunctive norms than descriptive norms in terms of social effects. Lead
manager P1 discussed the importance of CW laws and regulations saying: “…in countries
where awareness of waste and the issues it causes are not common, measures to minimise
construction waste can still be enforced through fines and penalties”. All participants
confirmed that waste disposal fees, illegal dumping penalties and establishing effective policies,
whether the policies are created by governments or within construction organisations, can be
greatly effective in forcing the construction industry to minimise waste. However, some interest
was also expressed in how contractors may be unconsciously influenced by wasteful habits
present in their society as these social influences can affect all aspects of life, including work.
There was debate over the provision of waste management plans by Jordan’s government.
While there was no doubt, among all participants, that regulating effective waste management
plans are extremely influential with respect to CWM outcomes. However, participants P2 and
P5 showed concern over the availability of requisite opportunities and resources with such an
issue. They provided one example where the recycling infrastructure for solid waste in Jordan
is very poor, as there are insufficient numbers of recycling plants as well as a lack of advanced
effective technologies for recycling. Further, the recycling market in Jordan is very limited and
immature and as a consequence would discourage contractors from adopting recycling
practices. Participant P6 pointed out that “…the problem is that even if there is initiative from
the government to do so, it will not be feasible or practical. There should be solid bases for any
plan in order to be successful, and how can they regulate such plan if there is not even a proper
recycling facility or a robust governmental monitoring in waste disposal”.

7.3.2.1.3 Verification of the factors within the organisational variable
There was no doubt amongst the workshop participants that the availability of resources and
opportunities provided by the organisation is significant in facilitating waste minimisation in
construction projects. Project manager P4 said that “the success of construction waste
minimisation all depends on the company providing the employees with the means and ability
to implement waste reduction”. According to project managers responsible for the planning of
construction projects (P3, P4 & P5), not putting sufficient resources into a project (e.g., time
and money) can seriously affect work performance in general, including CWM. Without
adequate resources, many workers, especially labourers, are more liable to rush and produce
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low quality work. Some managers will try to save costs by saving time rather than minimising
waste, and therefore will not invest in CWM. Project manager P4 explained: “managers can
save money by reducing the timeline for a project, perceiving this as the best way to reduce
financial costs, perhaps not realising the financial benefits of providing time to properly
minimise waste”.
Another point was made by the on-site management (P6 & P7) that the provision of adequate
opportunities for employees, such as the availability of efficient planning, can greatly enhance
work performance which will support CWM. By improving the general job performance,
construction managers can also reduce the chance of logistical issues with supply-chain
management as well as the work structure breakdown and the sequence of work, as these issues
may result in large amounts of CW. Furthermore, efforts to minimise these incidents which
generate CW can be supported by equipping the on-site workers with efficient and wellmaintained equipment. Supervisor P7 explained how it is particularly important to address these
issues, as they are particularly prevalent in Jordan. He said that “…in the Jordanian
construction industry, many contractors don’t realise that by focusing on minimising waste,
they can also reduce costs in this way. The measures put in place to minimise waste, such as
proper planning and execution of work, can also benefit the project in general”.
One point which was not confirmed by the lead managers (P1 & P2), was how management
change can affect CWM. Whilst there was some agreement over the effect management change
may have on work performance, these two participants did not see such issue as having a major
or direct influence on CWM. One example provided by lead manager P1 was how management
change, in many cases, does not result in a sudden change to a project or the workflow of an
organisation. Even if changes are implemented, lead manager P1 added that these changes tend
not to be significant and often effect the management structure rather than on-site workers.
Furthermore, there was debate over how quality control can impact CWM in relation to on-site
supervision. All participants agreed that monitoring the quality of work is extremely influential
with regard to CWM outcomes. However, those with the responsibility for conducting such
measures (P6 & P7) emphasised that efficient application of quality control measures was more
important than the content and structure of the quality systems being utilised. ParticipantP6,
pointed out that “even a robust monitoring and reporting system will be ineffective in
minimising waste if it is not sufficiently applied to a project in an effective and strict way”.
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7.3.2.2 Verification of the BF structure and applicability
To validate the applicability and structure of the BF, the workshop participants were asked the
following questions:

▪

“Do you think that the BF’s structure and terminology is easy to understand? Is it valid as
a tool for identifying and understanding the factors influencing waste minimisation
behaviour in Jordanian construction projects?”

When the BF was demonstrated to the workshop participants there was general agreement with
the logical flow, contents of the framework and its relevance to application in construction
projects. All participants agreed that the BF’s structure was well planned, clearly set out, useful
and easy to understand. Project manager P5 stated that “in my view, the framework is very useful
and understandable as it covers all the issues affecting the implementation of CWM in the
Jordanian construction industry”. However, participants P1, P2, P3 and P6 argued that some
of the terms within the BF such as “system complexity” and “management change” might seem
vague or difficult to understand for some construction professionals. Thus, they suggested that
the BF should be accompanied by some additional information, such as a brief explanation of
the factors within the BF, that could help to avoid any confusion caused by the ambiguity of
the terms, particularly as they will be used by different organisations.
Upon discussion and review of the BF, the participants were satisfied with the its capacity as a
solid basis for decision makers in the construction industry to explain and predict CWM
behaviour. Participants P1, P3 and P5 with extensive experience in the construction industry,
believed that the BF is robust and applicable to a wide range of construction projects in terms
of scale, technological and sociological contexts. They also suggested that the BF would be
very efficient not only for contractors but for consultants as well, since the four variables of the
BF can also influence the perception of architects and designers towards a better and more
efficient design. Lead manager P2 added that such a framework would also be very useful for
the relevant governmental authorities in Jordan such as: The Ministry of Environment and The
Ministry of Municipals Affairs, for establishing effective waste management plans. Moreover,
some participants (P2, P4, P6 & P7) also made the observation that the BF is capable of a better
explanation of CWM behaviour in certain contexts than existing methods, due to the structure
in which the variables are categorised. They indicated that due to the BF’s clear separation of
key variables, it could be an intuitive tool for project managers to use in decision making on
CWM.
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According to participants P2, P5 and P6, many of the existing methods (e.g., survey
questionnaire) cluster the causes of CW generation into categories (e.g., handling materials, onsite operations, etc.), which in fact, can be better discriminated from others. This is because
such methods do not provide a comprehensive explanation of the relationship dependency and
interaction between the causative factors of CW generation, and the lack of explanatory power
as a result of this. Confirming this, project managers with extensive planning experience (P4 &
P5) commented that the BF encompasses and integrates recognised key variables, successfully
mapping the relationships between them and, in doing so, adds value to the overall predictive
power of the BF. For example, the inclusion of technological factors as a main variable in the
BF was recognised by the participants as a relevant and more contemporary way of
understanding CWM behaviour in the 21st century, where technological advancement is one of
the main shaping issues in the construction industry. The following comments illustrate the key
points of the workshop participant’s discussions on the applicability of the BF:

▪

Workshop participants P2, P3, P5 and P6 were in consensus that part of the strength of the
BF lies in recognising personal factors as a primary variable in impacting CWM behaviour.
According to participants P2 and P3, personal factors can influence one’s self-concept
which is reflected in their ability to take the appropriate and necessary actions to achieve
CWM whilst performing construction activities. Therefore, they recognised such factors as
a critical element in influencing the contractors’ job performance. Project manager P3
discussed how personal factors reflect the mental state of readiness, in terms of experience,
moral norms and self-efficacy, exerting a direct and dynamic influence on the individual’s
behaviour whilst engaged in their work. For instance, a construction labourer may not be
well engaged in CWM activities if they perceive that it will increase their workload or if
they lack the experience, knowledge or concern to engage in CWM activities. Furthermore,
project managers P3 and P5 were in strong agreement with the effect of personal factors in
the BF, on strongly influencing the other three variables of the BF. They elaborated that if
the personal factors are not sufficiently addressed within the framework, the other variables
are insufficient to explain and predict CWM behaviour. For example, even when utilising
efficient modern LWTs or provided with sufficient time, resources and effective planning,
CWM behaviour may not be successfully achieved if the employee lacks concern or
experience.

▪

All participants of the workshop were in agreement that the adoption of effective and
modern LWTs can assist in CWM. This finding was also mentioned in the Delphi study
(section 5.3.3) as a major contributing issue. Participants (P6 & P7) with more than eight
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years’ experience in construction sites operations, commented that minimising CW through
the adoption of LWTs, especially in the finishing phase of the project, can make a major
difference in achieving CWM targets. Site manager P6 said that “… using modern tools can
make the work easier and faster, and in most cases, it can largely prevent the generation of
material waste”. They further elaborated that in order to predict and explain the issues
affecting the adoption of LWTs in construction projects, the application of the BF would
best be carried out with two parties simultaneously: firstly, in explaining the behaviour of
construction stakeholders as decision makers in the adoption of CWM technologies;
secondly, in explaining the behaviour of construction staff (e.g. site engineers, foremen,
labourers) in providing feedback for on the utilisation of these technologies.

▪

Social factors were also accepted by all workshop participants as a significant variable
influencing CWM. The participants were mostly concerned with policies and regulations
which they regarded as most important due to their significant impact on CWM behaviour.
As reflected in the Delphi study (see section 5.3.4.2), participant P5 elaborated that rules
and policies can be considered, in many cases, to be the most effective way of controlling
CW as they can discourage wasteful behaviour through imposing penalties. One interesting
point was made by participants P1 and P6, who emphasised the link between technological
progress and social pressure. They commented that imposing mandatory restrictions on the
adoption of LWTs (i.e., minimum requirements) can greatly assist CWM measures.
Participant P6 said: “the adoption of standardised methods of construction and the
introduction of minimum requirements for the technologies utilised in construction projects
can both help avoid generating waste, additionally helping familiarise the workforce with
these technologies”. Despite this, Project manager P3 discussed how societal pressure may
influence CWM through social attitudes and norms (e.g., cultural conscientiousness towards
waste in general). He elaborated that wasteful behaviour can be a significant societal issue
unless it is kept in check by incentives such as moral and religious norms. Lastly, all
participants agreed that social aspects, either enforced by rules and regulations, or
strengthened by societal norms, should be considered when analysing any kind of human
behaviour as people are predominately influenced by their social conditions.

▪

Participants P2, P4, P5 and P7 emphasised that the logistical role construction organisations
perform is also an important influence on the success of implementing CWM measures.
Participant P2 went on to specify how organisational factors are strongly connected to
technological factors; if sufficient investment and technical support is allocated to LWTs in
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a project, the efficacy of these technologies will be improved. As a result, employees are
more likely to interpret any proposed CWM measures as feasible, increasing the success of
these measures in minimising waste and encouraging managers to utilise these technologies
in other projects. Furthermore, in contrast to project managers P3 and P5’s comment on the
importance of personal factors, conversely, supervisor P7 discussed how organisational
factors such as increased resources (e.g., time, opportunities for training and technical
support) can increase the labourers’ perceived control over CWM, and improve attitudes
towards CWM measures. This confirms the view of Ajzen (1985), who emphasised the
dependency of performing certain behaviour on the availability of requisite opportunities
and resources.

7.4 Summary of the workshop
The workshop participants agreed on the importance of identifying and understanding the
factors influencing the behaviour of contractors towards CWM. This is to enhance the current
level of CWM adoption in the Jordanian construction sector which was confirmed as
unsatisfactory. The BF was considered valid because the participants perceived it as useful in
providing an effective understanding of the factors influencing CWM behaviour in the
Jordanian construction industry. In expressing their belief that no appropriate behavioural
adoption framework is currently available, they have welcomed the proposed BF indicating this
to be a good starting point from which a road map might be produced for the effective
implementation of CWM behaviour in order to achieve the best outcomes.
The discussions made by the workshop participants revealed that the four main variables of the
BF are perceived to have a significant impact on the explanatory power towards the adoption
of CWM behaviour. This is in addition to the dynamic interaction between these variables,
successfully mapping the relationships between them adding value to its overall explanatory
power. Further, the participants indicated that the practicality of the BF lies in it being easy to
understand and applicable to a wide range of construction projects, in terms of scale,
technological and sociological context. This is in addition to the framework capacity as a solid
basis for decision makers in the construction industry including consultants and contractors, to
explain and predict CWM behaviour. They also suggested that the explanatory power of the BF
would be of great benefit to relevant governmental authorities for establishing effective waste
management plans.

181

Accordingly, there were no changes made to the initial behavioural framework in section 6.5,
as it's structure, variables and integrated factors have all been validated and confirmed (see
Figure 7.1). However, the participants made interesting suggestions for the effective application
of the BF. They suggested that some of the BF terminology might seem vague or difficult to
understand for some construction professionals and thus, should be accompanied by some
additional information such as a brief explanation of the factors to avoid any confusion and
ambiguity. Additionally, the participants indicated that the BF factors could potentially vary
from project to project when applied, depending on the nature of the project, regional location
and the particular socioeconomic circumstances. Consequently, the outcomes of the BF in a
project should not be used in another project. Figure 7.1 illustrates the final BF incorporating
the factors influencing the behaviour of contractors towards CWM as validated by the workshop
participants. It should be noted that the validated variables and factors affecting CWM
behaviour may not be entirely applicable in other countries as they would need to be assessed
and validated in their socioeconomic context. They are also time-dependent on Jordan’s current
construction climate at the time of investigation.
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Figure 7.1: The final BF of factors influencing the behaviour of Jordanian contractors towards
CWM
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7.5 Conclusion
This chapter has presented the final stage of the research which was to validate the developed
BF. A workshop method was used in which seven participants with extensive expertise in the
construction industry, assessed the applicability of the BF and the factors influencing the
behaviour of contractors towards CWM in the Jordanian context. The workshop participants
were asked to bring their experience and knowledge of the implementation of CWM behaviour
to bear in verifying the BF. In conducting this, they were able to offer intelligence that
subsequently enabled the researcher to validate the BF so as to be of value to the Jordanian
construction industry. This contribution is also seen to be of particular value in providing
researchers and future studies with agenda in respect of securing the foundation for attitudinal
change among the construction stakeholders including clients, designers and contractors. A
summary of the entire research, including the main findings, its limitations, novelty and
recommendations for future research, will be provided in the following chapter.
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Chapter 8
Conclusion, Limitations and Recommendations
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8.1 Chapter overview
As stipulated in Chapter 1, this study aimed to develop a behavioural framework (BF) to support
the adoption of waste minimisation behaviour by contractors in Jordanian construction projects.
Chapters 2 and 3 reviewed the relevant literature on the topic of CW and the need to address
behavioural approaches to foster improved CWM. Accordingly, Chapter 4 discussed and
justified the research methodology employed for this study. Chapter 5 detailed and discussed
the findings from the Delphi study interviews and, subsequently, Chapter 6 formulated the
initial BF of the factors influencing the behaviour of Jordanian contractors towards CWM.
Thereafter, Chapter 7 refined and validated the final BF. This final chapter summarises the
research findings as they were presented in this thesis, and highlights how the research aims
and objectives of this study were investigated and addressed. It begins by presenting a synthesis
of the research objectives with a discussion of the key findings and a summary of the value
(contribution to knowledge) of this PhD study. Following this, the research methodology
critique, the study's limitations and the research novelty are discussed and, finally,
recommendations for future research are presented.

8.2 Synthesis of the research objectives
To achieve the aim of this study, namely to develop a behavioural framework (BF) to support
the adoption of waste minimisation behaviour by contractors in Jordanian construction projects,
five objectives were established, as presented in section 1.4. The first objective was to gain an
extensive knowledge and understanding of the need for waste minimisation and its related
adoption issues in the construction industry; the second objective was to explore existing
behavioural theories and frameworks and their effective application in a CWM context. Both
these objectives were achieved through a comprehensive review of the literature (i.e., journal
articles, books, conference papers, websites, reports and statistics) and were presented in
Chapters 2 and 3 respectively. The third objective was to investigate and identify the factors
influencing the behaviour of Jordanian contractors toward waste minimisation during the
construction stage; this was achieved through the analysis of the data gathered via the Delphi
study interviews, as described in Chapter 5. Based on the tabulation of the findings of the
literature review and the Delphi study, in Chapter 6, the fourth objective was addressed, namely,
to develop a BF to support the adoption of waste minimisation in the construction stage of
projects using Jordan as a case study. The fifth and final objective was to validate the developed
BF for effective waste minimisation for contractors in Jordanian construction projects; a
workshop with seven construction professionals, as presented in Chapter 7, ensured that this
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objective was accomplished. Figure 8.1 provides a pictorial illustration of the research process
which was successfully carried out through the execution of the literature review, Delphi study
and validation workshop. However, the following subsections discuss in more detail how the
research objectives were achieved and briefly outline the key findings.
Literature review (objectives 1 & 2): A comprehensive literature
review was conducted about the topic of CW and the need for waste
minimisation in the construction industry, with a particular focus on
the behaviour of contractors towards waste minimisation during the
construction stage (Chapters 2 & 3). Accordingly, a theoretical basis
was designed for this study to develop a BF that will support the
adoption of waste minimisation in Jordanian construction projects by
identifying and understanding the factors influencing contractors’
behaviour towards CWM. Considering the distinctive characteristics
of the research philosophies and the nature of the problem to be
investigated, a qualitative approach, which is aligned with the
interpretive research philosophy, was considered the most
appropriate choice for the study (Chapter 4).
Delphi study (objectives 3 & 4): Delphi study
interviews were conducted to investigate and
identify the factors influencing the behaviour of
Jordanian
contractors
towards
waste
minimisation during the construction stage
(Chapter 5). Twelve respondents (the experts’
panel) with extensive knowledge of, and
experience in, the Jordanian construction
industry participated in two rounds of the
Delphi study. Based on the tabulation of the
findings of the Literature review and the Delphi
study, an initial BF was developed incorporating
the factors influencing the behaviour of
Jordanian contractors toward CWM (Chapter
6).

Validation workshop (objective 5): A
workshop technique was used to validate
the initial BF of the factors influencing the
behaviour of Jordanian contractors towards
CWM (Chapters 7). This involved validating
the BF structure and its integrated factors in
terms of terminology, appropriateness and
how applicable they were to the Jordanian
context. The seven workshop participants
demonstrated the practical value of the BF
and confirmed the factors within it, as found
in both the literature review and the Delphi
study findings.

Research contribution: The provision of a behavioural framework (BF)
that will support the adoption of waste minimisation in Jordanian
construction projects by identifying and understanding the factors
influencing contractors’ behaviour towards CWM.

Figure 8.1: Pictorial representation of the research process (findings and contribution)
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8.2.1 Objective 1: To gain an extensive knowledge and understanding of the need for
waste minimisation and its related adoption issues in the construction industry
This thesis began with an extensive review of the existing literature (Chapter 2) on the
fundamentals of CW as a subject together with its definition, origins, causes and its
minimisation methods and need. Following this, the chapter went on to discuss the need and
current uptake of CWM in the Jordanian construction industry. The purpose of this was to gain
a theoretical understanding of the principles of, and the need for, CWM as well as to benefit
from the challenges and experience of the developed countries toward effective waste
minimisation in the Jordanian construction industry. In doing so, the problem of waste was
found to be largely attributed to the behaviour of those working in the construction industry
towards waste minimisation. The following is a summary of the key findings:
▪

Solid materials waste is a colossal problem in construction sites and is considered to be one
of the major contributors to the total waste production, generating around 36% of the total
solid waste worldwide equating to 2.5-3.5 billion tonnes each year. It was identified as most
critical due to its impact on the three pillars of sustainability at the project, as well as, the
national level. At the project level, CW impacts stakeholders’ profits and reputation as well
as the project’s performance and productivity. At the national level, CW causes national
and even global environmental problems as well as a financial load on governments dealing
with CW and its related problems (see section 2.4.2).

▪

The construction stage was identified as the most critical stage in terms of CWM. This is
because of two main reasons. First, waste generation is usually upmost in the construction
stage since it includes a wide range of activities that may contribute to waste generation.
While it was acknowledged that design-out practices are important issues in terms of their
benefit towards waste minimisation, the amount of waste generation can still be significant,
if it is poorly executed during the construction process. Conversely, effective
implementation of on-site practices can minimise any waste that originates directly from
the construction stage and indirectly from the design stage and, therefore, mistakes and
errors made during design can be corrected and avoided. Second, waste generation can be
avoided and reduced at the origin during the construction stage, whereas demolition waste
is often considered as non-avoidable waste since there is a strong chance of producing
significant amounts of it once the whole structure is demolished (see section 2.3.3).
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▪

Human factors play a major part in waste generation and minimisation in construction
projects. This is because most common causes of CW are directly or indirectly affected by
the behaviour of the personnel involved in the construction industry and, therefore, by
changing their perceptions and attitudes, particularly that of contractors, it will lead to the
avoidance of these causes (see section 2.3.3.1).

▪

Different approaches have been established to address the issue of CW during the
construction stage, including on-site waste minimisation practices, technological
approaches, behavioural approaches and legislation. Despite the importance of these
approaches and their relative benefits, waste minimisation in the construction industry has
not always been successfully controlled due to a number of obstacles which constrain the
successful adoption of such approaches. It was notable that behavioural issues such as lack
of interest, poor attitude and perception, and lack of awareness and knowledge were the
most common obstacles limiting the successful adoption of nearly most of the
aforementioned CWM approaches (see section 2.4.3).

▪

CW has increasingly become a pressing issue in Jordan due to the scarcity of resources and
a subsequent, unsteady energy supply, which are two serious challenges facing Jordan
today. This is in addition to the poor economic situation in Jordan with CW considered a
major financial burden on government spending having to deal with CW and its associated
issues (see section 2.5.1).

▪

There are few studies currently available in Jordan concerning the subject of CW. However,
from the researcher’s s experience in the construction industry of Jordan and based on the
existing studies found in the literature, it was noted that the construction industry is still
suffering from insufficient sustainability practices. The following issues all contribute to
the overall inefficiencies of CWM in Jordan (see section 2.5.2): the existing gaps in CW
legislation; the participation of Jordan’s construction industry in waste minimisation; the
lack of provision of a comprehensive waste management plan; the capabilities of
municipalities in controlling CW; and public awareness.

▪

It was noted that the human factor role is significant in terms of its impact on waste
generation and minimisation in the Jordanian construction industry. More importantly, a
critical appraisal of existing literature revealed that few studies are currently available
regarding CWM behaviour in Jordan (see sections 2.5.2).
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8.2.2 Objective 2: To explore existing behavioural theories and frameworks and their
effective application in a CWM context
The literature review in Chapter 2 highlighted the apparent need to address behavioural
approaches that support waste minimisation in the construction industry. Accordingly, Chapter
3 investigated the adoption of CWM behaviour through exploring existing behavioural theories
and frameworks for their application in a construction context. This was to build a theoretical
base for the research by identifying the factors influencing the behaviour of contractors towards
CWM. Further, it provided a body of literature which helped the researcher’s attempt to explore
and understand the potential factors influencing the behaviour of contractors towards the
adoption of CWM in the Jordanian context. In doing so, the following key findings are
summarised:
▪

To date, there has been a lack of structured research that has fully addressed the role of the
‘human factor’ in CWM, as understanding CWM behaviour has proven to be most
challenging and complex. This is because adopting positive CWM behaviour is dependent
on many factors that contribute to its success or failure (see section 3.2).

▪

An extensive review of existing well-known behavioural adoption theories and frameworks
revealed that nearly all of them have attracted heavy criticism from researchers for being
too simplistic and inadequate in successfully predicting behaviour (see section 3.3.5). It has
also been observed that the application of these behaviour theories and frameworks in the
context of construction confirmed what was reported by those researchers in terms of their
inadequate and simple construct which lacks additional important factors for the effective
prediction of CWM behaviour (see section 3.4).

▪

Various factors in the relevant literature have been found to influence CWM behaviour (see
section 3.4). However, such factors have been identified in developed countries and lack
empirical evidence as to their applicability in the Middle-East region, particularly in Jordan;
CWM behaviour is perceived and valued differently by different cultures.

▪

Based on the points above, it was concluded that there is a real need for a BF that will
address the limitations of the existing behavioural adoption theories and frameworks in
order to enhance the explanatory power in the prediction of CWM behaviour in the
Jordanian context. The need for the BF was also necessitated because, to date, there is a
lack of studies dedicated to identifying and understanding the factors influencing the
behaviour of Jordanian contractors towards CWM.
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8.2.3 Objective 3: To investigate and identify the factors influencing the behaviour of
Jordanian contractors towards waste minimisation during the construction stage
To achieve this objective, data collection was conducted via the Delphi study through a series
of semi-structured interviews with twelve participants (the experts’ panel) with extensive
knowledge and experience in the Jordanian construction industry. After the deployment of the
interview questions in the Delphi study (Chapter 5), developed from the literature review in
Chapters 3, the data that emerged from the opinions of the twelve experts confirmed that the
positive behaviour of contractors in Jordanian construction projects can offer significant
potential in terms of realising successful CWM outcomes. The experts’ panel discussions
revealed a number of issues that affect the perceptions and attitudes of Jordanian contractors
towards the adoption of CWM behaviour (see section 5.4). The following is a summary of the
key investigative findings:
▪

All experts, from management to labourer level, emphasised the importance of waste
minimisation for the Jordanian construction industry in order to achieve SC (see section
5.3.1).

▪

The experts’ panel emphasised the importance of the issues that can significantly influence
the self-efficacy and capability of employees towards CWM behaviour in terms of
motivational, cognitive and affective intervening issues (see section 5.3.2).

▪

There was little doubt amongst the experts that the characteristics of LWTs can act as an
important determinant towards their adoption in Jordanian construction projects (see section
5.3.3).

▪

The experts’ panel highlighted the importance of social pressure through which the
engagement of Jordanian contractors in CWM can be largely influenced (see section 5.3.4).

▪

The experts’ panel focused on how the provision of the requisite resources and opportunities
by construction organisations can largely facilitate waste minimisation in Jordanian
construction projects (see section 5.3.5).
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8.2.4 Objective 4: To develop a BF to support the adoption of waste minimisation in the
construction stage of projects using Jordan as a case study
The information gathered from the literature review (Chapters 2 & 3) and from the Delphi study
interviews (Chapter 5) was subsequently used as a basis for the development of a BF (Chapter
6), which supports the identification and understanding of the factors influencing the behaviour
of Jordanian contractors toward CWM. The tabulation of the findings of the literature review
and the Delphi study was to ensure a comprehensive, up-to-date and appropriate development
of the BF for the precise needs of this study; in this particular case, it was to ensure that it is
relevant to Jordan. The following is a summary of the key findings:
▪

The BF consisted of four constituent variables that work together to explain and predict
CWM behaviour. These are: personal, technological, social and organisational variables;
each of these variables include several factors influencing the behaviour of Jordanian
contractors towards CWM (see Figure 6.3)

▪

The successful application of the BF is based on a dynamic interaction between the
aforementioned variables influencing CWM behaviour. This is because it was clear that
there is a cause-effect relationship between the factors within the framework and, thus,
failure to consider any one of them will lead to failure in achieving successful CWM
behaviour (see section 6.5).

▪

All the issues identified in the literature review in section 3.4 were confirmed in the Delphi
study. However, seven important issues emerged from the Delphi study which seem to have
a major impact on the behaviour of Jordanian contractors towards CWM. According to the
Delphi study, such issues seemed to be culturally specific and are strongly associated with
the traditions and culture of the Jordanian construction sector as discussed below.
o There was little question amongst the experts that the skills and expertise in the
handling of construction errors can significantly aid CWM (see section 6.5.1). They
indicated that rework resulting from design changes and construction errors are
common issues facing contractors in Jordanian construction projects and, therefore, the
capability and competency of managers in handling such issues during the construction
process can largely reduce the chances of CW generation.
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o The experts’ panel emphasised the importance of courtesy between managers and
employees in terms of creating a positive working atmosphere to encourage employees
to be more loyal to the organisation and, as a consequence, productivity will also
increase. The religious obligation of employees regarding the implementation of their
work was also identified as an important issue in terms of enhanced work performance
as well as increased productivity. This is because Jordan is highly influenced by
religious and cultural traditions which can provide moral guidance for such employees
regarding the implementation of their work (see section 6.5.1).
o On-site safety was highlighted by the experts’ panel as a strong incentive, especially
for on-site workers, towards CWM. They indicated that the sharp and heavy materials
in construction debris create hazards and can result in injuries and accidents, which are
common problems on Jordanian construction sites (see section 6.5.1).
o The experts’ panel revealed that the perception that CWM will increase the workload
had a major influence on a worker’s attitude, particularly foremen and labourers,
towards minimising waste in Jordanian construction projects. They elaborated that such
a perception can result in workers neglecting the need to minimise waste as workers
believed that it requires more time and effort in terms of waste sorting, collection or
even source reduction measures (see section 6.5.1).
o Concern was voiced by the experts’ panel that the behaviour of Jordanian contractors
towards CWM can be largely influenced by the wasteful culture. They explained that
Jordan’s' society is strongly influenced by consumerism and materialism which
encourages wasteful habits in people, including those in the construction industry (see
section 6.5.3).
o The experts’ panel focused on the impact of management change on the performance
waste minimisation in construction projects. One interesting new factor that was
identified through the discussion of the Delphi study was effective change
management. They indicated that management changes, which can be frequent,
sometimes cause interruptions which can affect the workflow of the construction
process resulting in confusion among workers and task overlapping which, in turn, can
increase the chance of generating waste (see section 6.5.4).
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8.2.5 Objective 5: To validate the developed BF for effective waste minimisation for
contractors in Jordanian construction projects
Seven construction professionals participated in a workshop (Chapters 7) in order to validate
the initial BF, as presented in Chapter 6, in respect of the structure and the incorporated factors
influencing the behaviour of Jordanian contractors toward CWM. The workshop participants
demonstrated the practical value of the BF and confirmed the factors within it, as found in both
the literature review and the Delphi study findings. The following is a summary of the key
validation findings:
▪

The workshop participants demonstrated the practical value of the framework. They
revealed that they were not aware of any behaviour adoption frameworks which support the
adoption of waste minimisation behaviour in the Jordanian construction industry, as the
common methods utilised to gain information about such issue are characterised as simple,
basic and inadequate. Therefore, the participants were happy with the BF, indicating that it
would provide a good starting point and, hopefully, become a road map for assessing CWM
behaviour. Thus, the need for undertaking this study was confirmed (see section 7.3.1).

▪

The workshop participants expressed agreement with the BF in terms of its structure, logical
flow, content and its relevance for application in construction projects (see section 7.3.2).
The participants confirmed the importance of the BF factors towards CWM and their
significant relevance for the Jordanian construction sector. However, they recommended
that some additional information (such as a brief definition of some factors in the
framework) should be accompanied with the BF to facilitate understanding. On these bases,
the initial framework in Chapter 6 (see Figure 6.3) was validated in Chapter 7 (see Figure
7.1).

▪

The workshop participants indicated that the level of influence of the factors of the BF can
be different depending on several issues such as the nature of the project, regional location
and the particular socioeconomic circumstances of the project. This confirmed what was
reported in Chapter 6 (see section 6.4) as to the ‘need’ and ‘how’ of the BF application.
Further, the participants expressed strong agreement particularly on the importance of
technological variable towards the adoption of LWTs in Jordanian construction projects
(see section 7.3.2.1.2). This is because many of the contractors in Jordan (particularly small
or medium-sized contractors) are still adopting familiar conventional methods of
construction with minimal technology adoption.
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8.3 Research methodology critique
The methodology applied in this study enabled the successful collection of data regarding the
phenomenon of focus, that is, the development of a behavioural framework (BF) to support the
adoption of waste minimisation behaviour by contractors in Jordanian construction projects.
Since the nature of this study required the researcher to understand, explore and elicit opinions,
views and perceptions of the Jordanian contractors toward the adoption of CWM (as stipulated
in Chapter 3), it was clear that the research falls mainly within the interpretivist philosophy
paradigm (see section 4.4.3). This is because such a paradigm which is governed by the
qualitative inquiry of “what” and “how” questions, allowed the researcher to investigate indepth and insightful information and explanations of the data to be collected: factors influencing
the behaviour of contractors towards CWM. Accordingly, a qualitative approach, which is
aligned with the interpretive research philosophy, was selected and a Delphi interview
technique and validation workshop were used to meet the study’s aim and objectives.
The Delphi technique, incorporating a series of semi-structured interviews, was chosen as the
primary research investigative method because of its ability to offer a well-informed look at the
current and potential status of the adoption of CWM behaviour among Jordanian contractors
(section 4.5.5.3). Such a technique was undoubtedly invaluable allowing the Delphi experts’
panel (interviewees) holding differing perspectives and differing cognitive abilities, to refine
their views based on the results of each round of questions. The researcher determined that no
specific type of construction project would be targeted (e.g., commercial, residential, etc.) as
the nature of the built environment is labour intensive and, thus, waste is generated in all types
of projects. There was, however, a limitation realised throughout the Delphi technique which is
that the sample experts for the Delphi study were restricted to the views of the twelve experts
that the researcher had managed to gain access to. The reliability of the findings could be
increased by including more experts. However, the experts were well balanced and included
representatives from across the contractor’s employees, including lead construction managers,
project managers, site managers, foremen and labourers, which strongly supports the validity
of the findings of the Delphi study.
The workshop technique was used as an effective qualitative method for validating the BF (see
section 4.5.5.4) as it enabled detailed roundtable discussions. A group of seven participants
were capable of providing insights in respect of the factors currently influencing the behaviour
of Jordanian contractors towards CWM, as well as offering intelligence that subsequently
enabled the researcher to refine the BF in such a way that it was tailored to be of value to the
Jordanian context.
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8.4 Research limitations
In the course of conducting this research, the following challenges were encountered. They
have been categorised under four main group, namely literature review, Delphi study, sampling,
and data analysis.
▪

literature review: There were problems in finding adequate information relevant to the study
area in the Jordanian context, as only a limited amount of work (e.g., research studies,
reports, statistics, etc.) was available on the CW subject in the Jordanian construction sector.
That said, in adding to the small body of knowledge already available, this study has made
a strong contribution to the literature.

▪

Delphi study: Additional and more extensive interviews could have been conducted to
gather a larger body of qualitative data for the Delphi study. However, as an independent
researcher, there were financial and time constraints regarding how much data could
feasibly be collected and analysed. Further, although, in this study, the developed BF has
proven to be valid and applicable for its intended use there are, however, some uncertainties
as to what extent the BF will contribute to the successful implementation of CWM
behaviour in a real-life context. This is because the true effectiveness of the BF can vary
between construction projects depending on the nature of the project, the time period of the
framework application and the methods of evaluation and testing and, thus, further
investigation in future studies is required.

▪

Sampling: No female perspectives were included in both the Delphi study interviews and
the validation workshop, and nor was the influence of gender on SC practices explored in
the literature. Despite being a traditionally male-dominated landscape, the modern era is
seeing more females entering the domain of construction either as physical operatives or as
management professionals. However, generally, there are still very few females working in
the construction industry in Jordan, and the researcher did not ensure that females were a
requirement of the expert sample. Whether this lack of gender focus would have influenced
the findings of this study remains unclear, but the fact that it was not considered represents
a limitation to this study.

▪

Data analysis: Since this study was conducted in an Arabic country, translating the Delphi
questions proved challenging, as some of the translated Arabic terminology was overly
technical and/ or academic and ought to be rephrased in simpler words while ensuring the
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same meaning. However, the researcher managed to overcome this challenge by consulting
Jordanian construction professionals, who have a strong ability to understand and speak the
English language, during the pilot study. Further, due to the researcher’s involvement in the
Delphi interviews, it was inevitable, to a certain extent, that there will be some bias in the
results of the investigation; the researcher’s presence may have affected the behaviour of
the participants. However, this bias will be of a small scale as the interaction of the
researcher in the course of the interview process was limited with the avoidance of body
language signals. This is in addition to avoiding interference with the responses from the
interviewees unless it required more explanation (unclear answers) and/or deviated from
the subject of the interview.

8.5 Research novelty
Despite the above limitations, the research described in this thesis is both original and valuable
in that it bridged the gap in the CW literature through the development of a BF which will
support the adoption of waste minimisation in Jordanian construction projects. The BF
promotes a more holistic understanding of the factors influencing the behaviour of Jordanian
contractors towards CWM, especially as there is a lack of extensive and empirical research
dedicated to investigating CWM behaviour in Jordan, where the circumstances and culture are
different from other countries. The BF was developed using existing best practice behavioural
adoption theories and frameworks to enhance the explanatory power in the prediction of CWM
behaviour in the Jordanian context. The BF is original in that it incorporates all the variables
(see Figure 7.1) considered essential for the effective prediction of CWM behaviour as,
according to the literature review (see sections 3.3.5 & 3.4), each of the adoption theories and
frameworks is criticised for being too simplistic and inadequate in successfully predicting the
factors impeding the adoption of CWM behaviour. This is in addition to the dynamic interaction
between these variables and the successful mapping of the relationships between them, both of
which add value to its overall explanatory power.
The value of the BF also relies on being strongly reflective of the attitudes, values and beliefs
of Jordanian contractors, as the integrated BF factors are strongly associated with the traditions
and culture of the Jordanian construction sector. However, the BF is not only applicable to the
Jordanian context, but may also be used in other countries in the Middle-East region where the
circumstances and culture are similar to those in Jordan. Further, the process for developing the
BF can be a useful reference for other studies which attempt to understand CW and its related
issues in other socio-economic contexts, as researchers can conduct their investigations to
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structure future research and provide further improvement. Moreover, the significance of the
BF is that it can be applied to various real life social contexts (whether in an individual project,
organisation, country or geographical regional basis), by different groups of decision makers
(e.g., government, clients, contractors, construction managers and consultants), and in different
periods and stages of the construction project (e.g., tender, design, construction stage).
Moreover, the application process of the BF can be conducted using different methods of
evaluation and testing (e.g., interviews, survey questionnaires, etc.) and, consequently, the
application of the BF can be more flexible, effective and reliable with regard to achieving
successful waste minimisation outcomes in construction projects. In conclusion, based on the
discussions in this section, the BF is considered both novel and valuable in regard to promoting
an effective CWM in Jordanian construction projects especially as, to date, the Jordanian
construction industry is still suffering from insufficient sustainability practices characterised by
poor production, sub-standard performance and a wasteful culture.

8.6 Research recommendations
This section presents suggestions for future work to further investigate and extend the findings
from this research:
▪

Further research is recommended to validate the BF in other countries in the Middle-East
region, where contractors share a similar cultural background to the Jordanian construction
industry. Additionally, it might be useful to consider a comparative study with other
Middle-Eastern countries at a different developmental stage to Jordan to establish whether
those that are further down the SC path (including CWM) have managed to overcome the
innate obstacles presented by cultural conditioning.

▪

The success of the BF application in construction projects can vary depending on the nature
of the project, the time period of the framework application and the methods of evaluation
and testing, thus require further investigation in order to explore through benchmarking, the
most practical criteria for its successful application. Targeted construction stakeholders may
require to formulate a set of various scenarios so that the best CWM strategies could be
identified before being implemented in practice.

▪

A longitudinal study with Jordanian contractors would be useful that gradually involves
more personnel and to moves to a quantitative approach as the study progresses in order to
secure more data and increase the generalisability of the research results.
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▪

With this study's lens of focus placed on the general project context, as the nature of the
built environment is labour intensive resulting in waste being generated in all types of
construction projects, it would be also of an interest to explore in a more granular manner
how CW issues may differ within different project contexts (e.g., new build, heritage, public
and private sector). Therefore, future work could consider investigating the CW issues that
arise in specific project types in order to offer even greater insight for both researchers and
practitioners.

8.7 Final words
This chapter presented a summary of the five objectives underpinning this study, alongside
evidence of how each was achieved, with a presentation of the research key findings. Following
this, the methodology employed to undertake this research was critiqued, followed by the
study's limitations, the research novelty, the study's recommendations and a chapter conclusion.
Notwithstanding the limitations highlighted in section 8.4, this study has successfully enabled
the development of a BF that will supports the identification and understanding of the factors
influencing the behaviour of Jordanian contractors towards CWM. Although the data
interpretation has now been concluded, further refining of the findings and their significance
may be carried out in future. To date, several academic journal publications, workshops and
academic conference publications have been undertaken as a consequence of this research.
Further presentations at seminars involving practitioners, and more journal publications, have
already been planned.

199

References
Abarca-Guerrero, L., Maas, G., & Van Twillert, H. (2017). Barriers and motivations for
construction waste reduction practices in Costa Rica. Resources, 6(4), 69.
Abidin, N. Z. (2010). Investigating the awareness and application of sustainable construction
concept by Malaysian developers. Habitat international, 34(4), 421-426.
Adler, M., & Ziglio, E. (1996). Gazing into the oracle: The Delphi method and its
application to social policy and public health. Jessica Kingsley Publishers.
Adriaanse, A., Voordijk, H., & Dewulf, G. (2010). Adoption and use of interorganizational
ICT in a construction project. Journal of construction engineering and
management, 136(9), 1003-1014.
Ajayi, S. (2020). Design, procurement and construction strategies for minimizing waste in
construction projects (Doctoral dissertation). The University of the West of England,
Bristol. Retrieved from https://uwe-repository.worktribe.com/output/897604
Ajayi, S. O., & Oyedele, L. O. (2018a). Critical design factors for minimising waste in
construction projects: A structural equation modelling approach. Resources,
Conservation and Recycling, 137, 302-313.
Ajayi, S. O., & Oyedele, L. O. (2018b). Waste-efficient materials procurement for
construction projects: A structural equation modelling of critical success
factors. Waste management, 75, 60-69.
Ajayi, S. O., Oyedele, L. O., Akinade, O. O., Bilal, M., Alaka, H. A., & Owolabi, H. A.
(2017b). Optimising material procurement for construction waste minimization: An
exploration of success factors. Sustainable materials and technologies, 11, 38-46.
Ajayi, S. O., Oyedele, L. O., Akinade, O. O., Bilal, M., Owolabi, H. A., Alaka, H. A., &
Kadiri, K. O. (2016). Reducing waste to landfill: A need for cultural change in the
UK construction industry. Journal of Building Engineering, 5, 185-193.
Ajayi, S. O., Oyedele, L. O., Bilal, M., Akinade, O. O., Alaka, H. A., & Owolabi, H. A.
(2017a). Critical management practices influencing on-site waste minimization in
construction projects. Waste management, 59, 330-339.

200

Ajayi, S. O., Oyedele, L. O., Bilal, M., Akinade, O. O., Alaka, H. A., Owolabi, H. A., &
Kadiri, K. O. (2015). Waste effectiveness of the construction industry: Understanding
the impediments and requisites for improvements. Resources, Conservation and
Recycling, 102, 101-112.
Ajibade, P. (2018). Technology acceptance model limitations and criticisms: Exploring the
practical applications and use in technology-related studies, mixed-method, and
qualitative researches. Library Philosophy & Practice.
Ajzen, I. (1985). From intentions to actions: A theory of planned behavior. In Action
control (pp. 11-39). Springer, Berlin, Heidelberg.
Ajzen, I. (1991). The theory of planned behavior. Organizational behavior and human
decision processes, 50(2), 179-211.
Ajzen, I. (2011). The theory of planned behaviour: Reactions and reflections.
Akadiri, P. O., & Fadiya, O. O. (2013). Empirical analysis of the determinants of
environmentally sustainable practices in the UK construction industry. Construction
Innovation.
Akinade, O. O., Oyedele, L. O., Ajayi, S. O., Bilal, M., Alaka, H. A., Owolabi, H. A., &
Arawomo, O. O. (2018). Designing out construction waste using BIM technology:
Stakeholders' expectations for industry deployment. Journal of Cleaner
Production, 180, 375-385.
Akinade, O. O., Oyedele, L. O., Ajayi, S. O., Bilal, M., Alaka, H. A., Owolabi, H. A. &
Kadiri, K. O. (2017). Design for Deconstruction (DfD): Critical success factors for
diverting end-of-life waste from landfills. Waste management, 60, 3-13.
Akinade, O. O., Oyedele, L. O., Bilal, M., Ajayi, S. O., Owolabi, H. A., Alaka, H. A. &
Bello, S. A. (2015). Waste minimisation through deconstruction: A BIM based
Deconstructability Assessment Score (BIM-DAS). Resources, Conservation and
Recycling, 105, 167-176.
Albeeshi, A., Mohammad, Z., & Alfadhel, K. (2017). Construction & Demolition Waste
Management in the State of Kuwait: Challenges & Solutions. In Proceedings Sardinia
2017 / Sixteenth International Waste Management and Landfill Symposium/ (pp. 305315). Italy: CISA.

201

Aldayyat, E. A., Saidan, M. N., Abu Saleh, M. A., Hamdan, S., & Linton, C. (2019). SOLID
WASTE MANAGEMENT IN JORDAN: IMPACTS AND ANALYSIS. Journal of
Chemical Technology & Metallurgy, 81(7).
Al-Hajj, A. & Hamani, K. (2011). Material waste in the UAE construction industry: Main
causes and minimization practices. Architectural engineering and design
management, 7(4), 221-235.
Alhawamdeh, M. and Lee, A., 2019. Application of construction waste minimisation
approaches at the design stage: A systematic review. International Conference on
Innovation, Technology, Enterprise and Entrepreneurship (ICITEE): Applied Science
University, Bahrain.
Ali, H. H., & Al Nsairat, S. F. (2009). Developing a green building assessment tool for
developing countries–Case of Jordan. Building and environment, 44(5), 1053-1064.,
2016
Almahmoud, E., & Doloi, H. K. (2018). Assessment of Social Sustainability in Construction
Projects Using Social Network Analysis. Journal of International Business Research
and Marketing, 3(6), 35-46.
Al-Rifai, J. A. R., & Amoudi, O. (2016). Understanding the key factors of construction waste
in Jordan. Jordan Journal of Civil Engineering, 10(2).
Al-Sari, M. I., Al-Khatib, I. A., Avraamides, M., & Fatta-Kassinos, D. (2012). A study on the
attitudes and behavioural influence of construction waste management in occupied
Palestinian territory. Waste Management & Research, 30(2), 122-136.
Alshboul, A. A., & Abu Ghazaleh, S. (2014). Consequences of Design Decisions on Material
Waste during Construction Survey of Architects': Point of View, the Case of
Jordan. Jordan Journal of Civil Engineering, 159(3269), 1-12.
Alwi, S., Keith, H., & Sherif, M. (2001). Effect of quality supervision on rework in the
Indonesian context. Asia Pacific Building and Construction Management Journal, 6,
2-6.
Alwi, S., Mohamed, S., & Hampson, K. (2002). Waste in the Indonesian construction
projects. In Proceedings of the 1st CIB-W107 International Conference-Creating a
Sustainable Construction Industry in Developing Countries (pp. 305-315). Pretoria,
South Africa: CSIR.
202

Ann, T. W., Poon, C. S., Wong, A., Yip, R., & Jaillon, L. (2013). Impact of construction
waste disposal charging scheme on work practices at construction sites in Hong
Kong. Waste management, 33(1), 138-146.
Arabian Industry. (2020, 21 February). Special report: A ‘concrete’ solution to sustainable
construction [Blog post]. Retrieved April 25, 2020, from
https://www.arabianindustry.com/construction/united-arabemirates/news/2020/feb/21/special-report-a-concrete-solution-to-sustainableconstruction-6332092/
Argyris, C., & Schön, D. A. (1989). Participatory action research and action science
compared: A commentary. American behavioral scientist, 32(5), 612-623. 1991
Arshad, H., Qasim, M., Thaheem, M. J., & Gabriel, H. F. (2017). Quantification of material
wastage in construction industry of Pakistan: An analytical relationship between
building types and waste generation. Journal of Construction in Developing
Countries, 22(2), 19-34.
Asnap, F. (2012, 6 June). What a Waste' Report Shows Alarming Rise in Amount, Costs of
Garbage [Blog post]. Retrieved May 21, 2019, from
https://www.worldbank.org/en/news/feature/2012/06/06/report-shows-alarming-risein-amount-costs-of-garbage
Atkinson, R. (1999). Project management: cost, time and quality, two best guesses and a
phenomenon, its time to accept other success criteria. International journal of project
management, 17(6), 337-342.
Augenbroe, G. L. M., Pearce, A. R., Guy, B., & Kibert, C. K. (1998). Sustainable
construction in the USA; a perspective to the year 2010. Sustainable Development
and the Future of Construction, vol. report, 225.
Azis, A. A. A., Memon, A. H., Rahman, I. A., Nagapan, S., & Latif, Q. B. A. I. (2012,
September). Challenges faced by construction industry in accomplishing sustainablity
goals. In 2012 IEEE Symposium on Business, Engineering and Industrial
Applications (pp. 630-634). IEEE.
Bagozzi, R. P. (2007). The legacy of the technology acceptance model and a proposal for a
paradigm shift. Journal of the association for information systems, 8(4), 3.

203

Bagozzi, R. P., Baumgartner, J., & Yi, Y. (1989). An investigation into the role of intentions
as mediators of the attitude-behavior relationship. Journal of Economic
psychology, 10(1), 35-62.
Bakchan, A. & Faust, K. M. (2019). Construction waste generation estimates of institutional
building projects: Leveraging waste hauling tickets. Waste management, 87, 301-312.
Baker, L. (2006). Observation: A complex research method. Library trends, 55(1), 171-189.
Bakshan, A., Srour, I., Chehab, G. & El-Fadel, M. (2015). A field based methodology for
estimating waste generation rates at various stages of construction
projects. Resources, Conservation and Recycling, 100, 70-80.
Bakshan, A., Srour, I., Chehab, G., El-Fadel, M., & Karaziwan, J. (2017). Behavioral
determinants towards enhancing construction waste management: A Bayesian
Network analysis. Resources, Conservation and Recycling, 117, 274-284.
Bandura, A. (1986). Social foundations of thought and action. Englewood Cliffs, NJ, 1986.
Bandura, A. (1989). Regulation of cognitive processes through perceived selfefficacy. Developmental psychology, 25(5), 729.
Bandura, A. (2001). Social cognitive theory: An agentic perspective. Annual review of
psychology, 52(1), 1-26.
Banihashemi, S., Tabadkani, A., & Hosseini, M. R. (2018). Integration of parametric design
into modular coordination: A construction waste reduction workflow. Automation in
Construction, 88, 1-12.
Bashiri, M., Badri, H., & Hejazi, T. H. (2011). Selecting optimum maintenance strategy by
fuzzy interactive linear assignment method. Applied Mathematical Modelling, 35(1),
152-164.
Batayneh, M., Marie, I., & Asi, I. (2007). Use of selected waste materials in concrete
mixes. Waste management, 27(12), 1870-1876.
Becerik-Gerber, B., & Kensek, K. (2010). Building information modeling in architecture,
engineering, and construction: Emerging research directions and trends. Journal of
professional issues in engineering education and practice, 136(3), 139-147.

204

Begum, R. A., Siwar, C., Pereira, J. J., & Jaafar, A. H. (2009). Attitude and behavioral
factors in waste management in the construction industry of Malaysia. Resources,
Conservation and Recycling, 53(6), 321-328.
Bekr, G. A. (2014). Study of the causes and magnitude of wastage of materials on
construction sites in Jordan. Journal of Construction Engineering, 2014.
Bhatia, N. (2016, 11 Augest). GCC to produce 120 million tonnes of waste by 2020 [Blog
post]. Retrieved May 20, 2019, from
https://www.arabianindustry.com/construction/news/2016/aug/11/gcc-to-produce120-million-tonnes-of-waste-by-2020-5455697/
Black, N. J., Lockett, A., Winklhofer, H., & Ennew, C. (2001). The adoption of Internet
financial services: a qualitative study. International Journal of Retail & Distribution
Management.
Bølviken, T., Rooke, J., & Koskela, L. (2014). The Wastes of production in construction–A
TFV based taxonomy. In Proc. 22nd Ann. Conf. of the Int’l Group for Lean
Construction (pp. 23-27). Oslo, Norway: Fagbokforlaget
Bortoleto, A. P., Kurisu, K. H., & Hanaki, K. (2012). Model development for household
waste prevention behaviour. Waste Management, 32(12), 2195-2207.
Botetzagias, I., Dima, A. F., & Malesios, C. (2015). Extending the theory of planned
behavior in the context of recycling: The role of moral norms and of demographic
predictors. Resources, conservation and recycling, 95, 58-67.
Boyce, C., & Neale, P. (2006). Conducting in-depth interviews: A guide for designing and
conducting in-depth interviews for evaluation input.
Brown, B. B. (1968). Delphi process: a methodology used for the elicitation of opinions of
experts (No. RAND-P-3925). Rand Corp Santa Monica CA.
Bryman, A. (2003). Quantity and quality in social research (Vol. 18). Routledge.
Bryman, A. (2012). Social Research Methods (4th edn,) New York: Oxford University Press.
Bryman, A. (2016). Social research methods. Oxford university press.
Bryman, A., & Bell, E. (2001). The nature of qualitative research. Social research methods,
365-399.

205

Butera, S., Christensen, T. H., & Astrup, T. F. (2014). Composition and leaching of
construction and demolition waste: inorganic elements and organic
compounds. Journal of hazardous materials, 276, 302-311.
Cassell, C., & Symon, G. (Eds.). (2004). Essential guide to qualitative methods in
organizational research. Sage.
Charmaz, K. (2006). Constructing grounded theory: A practical guide through qualitative
analysis. sage.
Charmaz, K., & Belgrave, L. L. (2007). Grounded theory. The Blackwell encyclopedia of
sociology.
Chen, X., & Lu, W. (2017). Identifying factors influencing demolition waste generation in
Hong Kong. Journal of cleaner production, 141, 799-811.
Chin-Keng, T. (2011). Study of quality management in construction projects. Chinese
Business Review, 10(7).
Choy, L. T. (2014). The strengths and weaknesses of research methodology: Comparison and
complimentary between qualitative and quantitative approaches. IOSR Journal of
Humanities and Social Science, 19(4), 99-104.
Chuttur, M. Y. (2009). Overview of the technology acceptance model: Origins, developments
and future directions. Working Papers on Information Systems, 9(37), 9-37.
Clibbens, N., Walters, S., & Baird, W. (2012). Delphi research: issues raised by a pilot
study. Nurse researcher, 19(2).
Cohen, L., Manion, L., & Morrison, K. (2013). Research methods in education. routledge.
Collis, J., & Hussey, R. (2013). Business research: A practical guide for undergraduate and
postgraduate students. Macmillan International Higher Education.
Compeau, D. R., & Higgins, C. A. (1995). Application of social cognitive theory to training
for computer skills. Information systems research, 6(2), 118-143.
Compeau, D., Higgins, C. A., & Huff, S. (1999). Social cognitive theory and individual
reactions to computing technology: A longitudinal study. MIS quarterly, 145-158.
Conner, M. (2020). Theory of planned behavior. Handbook of Sport Psychology, 3.

206

Corsini, F., Gusmerotti, N. M., Testa, F., & Iraldo, F. (2018). Exploring waste prevention
behaviour through empirical research. Waste Management, 79, 132-141.
Costello, P. J. (2003). Action research. A&C Black.
Creswell, J. W., & Miller, D. L. (2000). Determining validity in qualitative inquiry. Theory
into practice, 39(3), 124-130.
Creswell, J. W., & Poth, C. N. (2016). Qualitative inquiry and research design: Choosing
among five approaches. Sage publications.
Davies, J., Foxall, G. R., & Pallister, J. (2002). Beyond the intention–behaviour mythology:
an integrated model of recycling. Marketing theory, 2(1), 29-113.
Davis, F. D. (1985). A technology acceptance model for empirically testing new end-user
information systems: Theory and results (Doctoral dissertation, Massachusetts
Institute of Technology).
Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of
information technology. MIS quarterly, 319-340.
Davis, F. D. (1993). User acceptance of information technology: system characteristics, user
perceptions and behavioral impacts. International journal of man-machine
studies, 38(3), 475-487.
Deloitte, (2017). Study on Resource Efficient Use of Mixed Wastes, Improving management
of construction and demolition waste – Final Report. Prepared for the European
Commission, DG ENV.
Department for Environment, Food and Rural Affairs (2020). UK Statistics on Waste.
Retrieved
from https://assets.publishing.service.gov.uk/government/uploads/system/uploads/atta
chment_data/file/874265/UK_Statistics_on_Waste_statistical_notice_March_2020_ac
cessible_FINAL_rev_v0.5.pdf
Department for International Development (2016). Economic Situation in Jordan. Retrieved
from https://assets.publishing.service.gov.uk/media/5b97f50ae5274a1391b13967/K4
D_HDR_Economic_Situation_in_Jordan.pdf
Department of Statistics. (2020). Statistics. http://dosweb.dos.gov.jo/

207

Ding, T. & Xiao, J. (2014). Estimation of building-related construction and demolition waste
in Shanghai. Waste management, 34(11), 2327-2334.
Ding, Z., Wang, Y., Wang, H., & Wang, J. (2015). A comparison study of C&D waste
management in Shenzhen and Hong Kong: a SWOT perspective. In Proceedings of
the 19th International Symposium on Advancement of Construction Management and
Real Estate (pp. 157-168). Springer, Berlin, Heidelberg.
Ding, Z., Yi, G., Tam, V. W. & Huang, T. (2016). A system dynamics-based environmental
performance simulation of construction waste reduction management in China. Waste
Management, 51, 130-141.
Ding, Z., Zhu, M., Tam, V. W., Yi, G. & Tran, C. N. (2018). A system dynamics-based
environmental benefit assessment model of construction waste reduction management
at the design and construction stages. Journal of cleaner production, 176, 676-692.
Domingo, N., & Luo, H. A. O. (2017). Canterbury earthquake construction and demolition
waste management: issues and improvement suggestions. International journal of
disaster risk reduction, 22, 130-138.
Durdyev, S., Zavadskas, E. K., Thurnell, D., Banaitis, A., & Ihtiyar, A. (2018). Sustainable
construction industry in Cambodia: Awareness, drivers and
barriers. Sustainability, 10(2), 392.
Easterby-Smith, M., Thorpe, R. and Lowe, A. (2002) Management Research an
Easterby-Smith, M., Thorpe, R., Jackson, P., & Lowe, A. (2008). Management research:
theory and practice. Sage Publications Ltd., London, UK, 101, 210.
Ekanayake, L. L. & Ofori, G. (2004). Building waste assessment score: design-based
tool. Building and Environment, 39(7), 851-861.
Ekanayake, L.L., & Ofori, G. (2000). Construction material waste source evaluation.
Proceedings of Second Southern African Conference on Sustainable Development in
the Built Environment: Strategies for a Sustainable Built Environment (pp. 1-6).
Pretoria, South Africa: CSIR.
El Hanandeh, A. (2015). Environmental assessment of popular single-family house
construction alternatives in Jordan. Building and Environment, 92, 192-199.
Elizabeth, A. M., & Lynn, R. K. (2014). Belief Systems, religion, and Behavioral economics.
208

European Commission (2012). Strategy for the sustainable competitiveness of the
construction sector and its enterprises. Retrieved from https://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:52012DC0433&from=EN
European Commission (2014). Strategy for the sustainable competitiveness of the
construction sector and its enterprises. Retrieved from https://milieudatabase.nl/wpcontent/uploads/2020/02/High-Level-Tripartite-Strategic-Forum.pdf
European Commission (2016). Construction and Demolition Waste Management in the
United Kingdom. Retrieved
from https://ec.europa.eu/environment/waste/studies/deliverables/CDW_UK_Factshe
et_Final.pdf
European Commission (2017). Initial Action Document for the Support to the implementation
of the National Solid Waste Management Strategy (NSWMS). Retrieved
from https://ec.europa.eu/neighbourhoodenlargement/sites/near/files/c_2016_6629_jordan_aap_2016_part_2_aap_2017_part_
1_annex_1.pdf
European Commission (2018). Development and implementation of initiatives fostering
investment and innovation in construction and demolition waste recycling
infrastructure. Retrieved from https://op.europa.eu/en/publication-detail//publication/3637d9db-1c3e-11e8-ac73-01aa75ed71a1/language-en/formatPDF/source-116393861
Fabrigar, L. R., Petty, R. E., Smith, S. M., & Crites Jr, S. L. (2006). Understanding
knowledge effects on attitude-behavior consistency: The role of relevance,
complexity, and amount of knowledge. Journal of personality and social
psychology, 90(4), 556.
Fapohunda, J. A., & Stephenson, P. (2011). Knowledge, attitude, and perception (KAP) of
construction participants towards resource waste in the construction industry. The
Pacific Journal of Science and Technology, 12(2), 284-299.
Fellows, R. F., & Liu, A. M. (2015). Research methods for construction. John Wiley & Sons.
Ferronato, N., Torretta, V., Ragazzi, M., & Rada, E. C. (2017). Waste mismanagement in
developing countries: A case study of environmental contamination. UPB Sci.
Bull, 79(2), 185-196.
209

Fishbein, M. leek Ajzen (1975), Belief, Attitude, Intention, and Behavior: An Introduction to
Theory and Research. Reading, MA: Addison-Wesley (1981).
Funke, J. (2017). How much knowledge is necessary for action?. In Knowledge and
action (pp. 99-111). Springer, Cham.
Gable, G. G. (1994). Integrating case study and survey research methods: an example in
information systems. European journal of information systems, 3(2), 112-126.
Gan, X., Zuo, J., Ye, K., Skitmore, M. & Xiong, B. (2015). Why sustainable construction?
Why not? An owner's perspective. Habitat International, 47, 61-68.
Gangolells, M., Casals, M., Forcada, N., & Macarulla, M. (2014). Analysis of the
implementation of effective waste management practices in construction projects and
sites. Resources, conservation and recycling, 93, 99-111.
Garrod, B. (2008). The Delphi Technique. Institute of Rural Sciences.
Gavilan, R. M. & Bernold, L. E. (1994). Source evaluation of solid waste in building
construction. Journal of construction engineering and management, 120(3), 536-552.
Giannarou, L., & Zervas, E. (2014). Using Delphi technique to build consensus in
practice. International Journal of Business Science & Applied Management
(IJBSAM), 9(2), 65-82.
Giles, B. (2017, 15 March). Why the research behind BREEAM USA works [Blog post].
Retrieved April 10, 2020, from https://www.breeam.com/news/why-the-researchbehind-breeam-works/
Goodman, C. M. (1987). The Delphi technique: a critique. Journal of advanced
nursing, 12(6), 729-734.
Goulding, C. (2002). Grounded theory: A practical guide for management, business and
market researchers. Sage.
Grau, D., Zeng, L., & Xiao, Y. (2012). Automatically tracking engineered components
through shipping and receiving processes with passive identification
technologies. Automation in Construction, 28, 36-44.
Grix, J. (2018). The foundations of research. Macmillan International Higher Education.
Grünbaum, N. N. (2007). Identification of ambiguity in the case study research typology:
what is a unit of analysis?. Qualitative Market Research: an international journal.
210

Guba, E. G., & Lincoln, Y. S. (1989). Fourth generation evaluation. Sage.
Guion, L. A., Diehl, D. C., & McDonald, D. (2001). Conducting an in-depth interview.
McCarty Hall, FL: University of Florida Cooperative Extension Service, Institute of
Food and Agricultural Sciences, EDIS.
Gulf News. (2019, 21 September). Tadweer collects 1.2 m tons of waste in Abu Dhabi [Blog
post]. Retrieved April 27, 2020, from https://gulfnews.com/uae/tadweer-collects-12m-tons-of-waste-in-abu-dhabi-1.66574777
Gulghane, A. A., & Khandve, P. V. (2015). Management for construction materials and
control of construction waste in construction industry: a review. International Journal
of Engineering Research and Applications, 5(4), 59-64.
Hagger, M. S. (2019). The reasoned action approach and the theories of reasoned action and
planned behavior.
Hammersley, M. (2008). Assessing validity in social research. The SAGE handbook of social
research methods, 42-53.
Han, H., Hsu, L. T. J., & Sheu, C. (2010). Application of the theory of planned behavior to
green hotel choice: Testing the effect of environmental friendly activities. Tourism
management, 31(3), 325-334.
Hao, J. L., Hill, M. J., & Shen, L. Y. (2008). Managing construction waste on‐site through
system dynamics modelling: the case of Hong Kong. Engineering, Construction and
Architectural Management.
Hao, J., Yuan, H., Liu, J., Chin, C. S., & Lu, W. (2019). A model for assessing the economic
performance of construction waste reduction. Journal of Cleaner Production, 232,
427-440.
Hart, C. (2018). Doing a literature review: Releasing the research imagination. Sage.
Hart, F., & Bond, M. (1995). Action research for health and social care: A guide to practice.
McGraw-Hill Education (UK).
Hasson, F., Keeney, S., & McKenna, H. (2000). Research guidelines for the Delphi survey
technique. Journal of advanced nursing, 32(4), 1008-1015.

211

Heiko, A. (2012). Consensus measurement in Delphi studies: review and implications for
future quality assurance. Technological forecasting and social change, 79(8), 15251536.
Hittini, B, Y., & Shibeika, A, I. (2019). Construction Waste Management in UAE: An
Exploratory Study. Sustainable City 2020 (pp. 679-686). Rome, Italy: WIT Press
Hong, Y. Y., & Chiu, C. Y. (2001). Toward a paradigm shift: From cross-cultural differences
in social cognition to social-cognitive mediation of cultural differences. Social
cognition, 19(3: Special issue), 181-196.
Hong, Y., Sepasgozar, S. M., Ahmadian, A. F. F., & Akbarnezhad, A. (2016). Factors
influencing BIM adoption in small and medium sized construction organizations.
In ISARC. Proceedings of the International Symposium on Automation and Robotics
in Construction (Vol. 33, p. 1). IAARC Publications.
Hoonakker, P., Carayon, P., & Loushine, T. (2010). Barriers and benefits of quality
management in the construction industry: An empirical study. Total quality
management, 21(9), 953-969.
Hossain, M. U., Wu, Z., & Poon, C. S. (2017). Comparative environmental evaluation of
construction waste management through different waste sorting systems in Hong
Kong. Waste management, 69, 325-335.
Hsu, C. C., & Sandford, B. A. (2007). The Delphi technique: making sense of
consensus. Practical Assessment, Research, and Evaluation, 12(1), 10.
Hu, Y. (2011, May). Minimization management of construction waste. In 2011 International
Symposium on Water Resource and Environmental Protection (Vol. 4, pp. 27692772). IEEE.
Huang, B., Wang, X., Kua, H., Geng, Y., Bleischwitz, R. & Ren, J. (2018). Construction and
demolition waste management in China through the 3R principle. Resources,
Conservation and Recycling, 129, 36-44.
Humphreys, M. (1996). Culture difference and its effect on the management of technical
education. Leadership & Organization Development Journal.
Hussin, J. M., Rahman, I. A., & Memon, A. H. (2013). The way forward in sustainable
construction: issues and challenges. International Journal of Advances in Applied
Sciences, 2(1), 15-24.
212

Hyde, K. F. (2000). Recognising deductive processes in qualitative research. Qualitative
market research: An international journal.
Ibrahim, M. I. M. (2016). Estimating the sustainability returns of recycling construction
waste from building projects. Sustainable Cities and Society, 23, 78-93.
Ikau, R., Joseph, C., & Tawie, R. (2016). Factors influencing waste generation in the
construction industry in Malaysia. Procedia-Social and Behavioral Sciences, 234, 1118.
International Organization for Standardization. (2015). Sustainability in building construction
— Sustainability indicators — Part 2: Framework for the development of indicators
for civil engineering works (ISO/TS Standard No. 21929-2). Retrieved
from https://www.iso.org/standard/64987.html
International Solid Waste Association (2015). ISWA REPORT 2015. Retrieved
from https://www.iswa.org/media/publications/iswa-annual-reports/
International Solid Waste Association (2017). Working Together Towards A Cleaner,
Healthier Planet. Retrieved
from https://www.iswa.org/fileadmin/galleries/Publications/ISWA_Reports/10003_IS
WA_REPORT_2019_V6_web-compressed.pdf
Iqbal, S., & Pipon-Young, L. (2009). Methods-The Delphi method--A guide from Susanne
Iqbal and Laura Pipon-Young. Psychologist, 22(7), 598.
Islam, R., Nazifa, T. H., Yuniarto, A., Uddin, A. S., Salmiati, S. & Shahid, S. (2019). An
empirical study of construction and demolition waste generation and implication of
recycling. Waste Management, 95, 10-21.
Ismam, J. N., & Ismail, Z. U. L. H. A. B. R. I. (2014). Sustainable construction waste
management strategic implementation model. WSEAS TRANSACTIONS on
Environment and Development, 10, 48-59.
Jaillon, L., Poon, C. S., & Chiang, Y. H. (2009). Quantifying the waste reduction potential of
using prefabrication in building construction in Hong Kong. Waste
management, 29(1), 309-320.
JerutoKeitany, P., & Richu, S. (2014). Assessment of the role of materials management on
organizational performance-A case of New Kenya cooperative creameries limited,
Eldoret Kenya. European Journal of Material Sciences, 1(1), 1-10.
213

Jia, S., Yan, G., Shen, A., & Zheng, J. (2017). Dynamic simulation analysis of a construction
and demolition waste management model under penalty and subsidy mechanisms.
Journal of cleaner production, 147, 531-545.
Jin, R., Li, B., Zhou, T., Wanatowski, D., & Piroozfar, P. (2017). An empirical study of
perceptions towards construction and demolition waste recycling and reuse in
China. Resources, Conservation and Recycling, 126, 86-98.
Jordan Strategy Forum, (2019). The Construction & Housing Sector in Jordan: The
Challenge of Demand & Supply Alignment & Financing Mechanisms. Retrieved
from http://jsf.org/sites/default/files/The%20Construction%20%26%20Housing%20S
ector%20in%20Jordan%20The%20Challenge%20of%20Demand%20%26%20Supply%20Alignment%20%
26%20Financing%20Mechanisms%20%282%29.pdf
Kaiser, F. G. (2006). A moral extension of the theory of planned behavior: Norms and
anticipated feelings of regret in conservationism. Personality and Individual
Differences, 41(1), 71-81.
Karahanna, E., Agarwal, R., & Angst, C. M. (2006). Reconceptualizing compatibility beliefs
in technology acceptance research. MIS quarterly, 781-804.
Karim, K. (2001). Assessing the strengths and weaknesses of action research. Nursing
Standard (through 2013), 15(26), 33.
Kartam, N., Al-Mutairi, N., Al-Ghusain, I. & Al-Humoud, J. (2004). Environmental
management of construction and demolition waste in Kuwait. Waste
management, 24(10), 1049-1059.
Karunasena, G., & Amaratunga, D. (2016). Capacity building for post disaster construction
and demolition waste management: A case of Sri Lanka. Disaster Prevention and
Management, 25(2), 137-153.
Keil, M., Tiwana, A., & Bush, A. (2002). Reconciling user and project manager perceptions
of IT project risk: a Delphi study 1. Information systems journal, 12(2), 103-119.
Kern, A. P., Dias, M. F., Kulakowski, M. P., & Gomes, L. P. (2015). Waste generated in
high-rise buildings construction: A quantification model based on statistical multiple
regression. Waste Management, 39, 35-44.

214

Keys, A., Baldwin, A. & Austin, S. (2000). Designing to encourage waste minimisation in
the construction industry. In CIBSE National Conference Dublin, Republic of Ireland.
Kezar, A., & Maxey, D. (2016). The Delphi technique: An untapped approach of
participatory research. International journal of social research methodology, 19(2),
143-160.
King, N (2004) Using Templates in the Thematic Analysis of Text, In C. Cassell and G.
Symon (Eds.), Essential Guide to Qualitative Methods in Organizational Research.
King, W. R., & He, J. (2006). A meta-analysis of the technology acceptance
model. Information & management, 43(6), 740-755.
Kippax, S., & Crawford, J. (1993). Flaws in the theory of reasoned action. The theory of
reasoned action: Its application to AIDS-preventive behavior, 253-269.
Kitts, J. A., & Chiang, Y. S. (2008). Norms. Encyclopedia of Social Problems. Sage
Publications.
Kolaventi, S. S., Momand, H., Tadepalli, T., & Siva Kumar, M. V. N. (2020). Construction
Waste in India: A Structural Equation Model to Identification of Causes.
In Proceedings of the Institution of Civil Engineers-Engineering Sustainability (pp. 110). Thomas Telford Ltd.
Koriom, N. K., Brahim, J., Zakaria, I., Kaish, A. A., & Mohsen, M. (2019, February). The
state of the art of materials management research in the construction industry.
In MATEC Web of Conferences (Vol. 266, p. 05013). EDP Sciences.
Koshy, V. (2005). Action research for improving practice: A practical guide. Sage.
Koskela, L., Bølviken, T. & Rooke, J (2013). Which are the Wastes of Construction? In
Proceedings of the International Group of Lean Construction 21th Annual
Conference, Fortaleza, Brazil. (pp. 3-12)
Kozlovská, M. & Spišáková, M. (2013). Contruction waste generation across construction
project life-cycle. Organization, technology & management in construction: an
international journal, 5(1), 687-695.
Krueger, R. A., & Casey, M. A. (2000). A practical guide for applied research. A practical
guide for applied research.

215

Ksaaem.org. (2018). [online] Available at: http://www.ksaaem.org/wpcontent/uploads/2018/03/Green-Cities-Guidelines-Ar.pdf [Accessed 20 Nov. 2019].
Kulatunga, U., Amaratunga, D., Haigh, R. & Rameezdeen, R. (2006). Attitudes and
perceptions of construction workforce on construction waste in Sri
Lanka, Management of Environmental Quality, 17(1), 57-72
Kvale, S. (1996). Interviews, an introduction to qualitative research interviewing SAGE
publications thousands oaks. London, New Delhi, 326.
Landeta, J. (2006). Current validity of the Delphi method in social sciences. Technological
forecasting and social change, 73(5), 467-482.
Lau, H. H., Whyte, A., & Law, P. L. (2008). Composition and characteristics of construction
waste generated by residential housing project. International Journal of
Environmental Research (IJER), 2(3), 261 - 268.
Lee, S. K., An, H. K., & Yu, J. H. (2012). An extension of the technology acceptance model
for BIM-based FM. In Construction research congress 2012: construction challenges
in a flat world (pp. 602-611).
Lee, S., & Yu, J. (2016). Comparative study of BIM acceptance between Korea and the
United States. Journal of Construction Engineering and Management, 142(3),
05015016.
Lee, S., Yu, J., & Jeong, D. (2015). BIM acceptance model in construction
organizations. Journal of management in engineering, 31(3), 04014048.
Lee, Y., Kozar, K. A., & Larsen, K. R. (2003). The technology acceptance model: Past,
present, and future. Communications of the Association for information
systems, 12(1), 50.
Li, H., Zhang, X., Ng, S. T. & Skitmore, M. (2018). Quantifying stakeholder influence in
decision/evaluations relating to sustainable construction in China–A Delphi approach.
Journal of cleaner production, 173, 160-170.
Li, J., Zuo, J., Cai, H. & Zillante, G. (2018a). Construction waste reduction behavior of
contractor employees: An extended theory of planned behavior model
approach. Journal of cleaner production, 172, 1399-1408.

216

Li, J., Zuo, J., Guo, H., He, G., & Liu, H. (2018b). Willingness to pay for higher construction
waste landfill charge: A comparative study in Shenzhen and Qingdao, China. Waste
Management, 81, 226-233.
Li, J., Zuo, J., Wang, G., He, G., & Tam, V. W. (2020). Stakeholders’ willingness to pay for
the new construction and demolition waste landfill charge scheme in Shenzhen: A
contingent valuation approach. Sustainable Cities and Society, 52, 101663.
Li, Y., Zhang, X., Ding, G., & Feng, Z. (2016). Developing a quantitative construction waste
estimation model for building construction projects. Resources, Conservation and
Recycling, 106, 9-20.
Liang, H., He, S., Lei, X., Bi, Y., Liu, W., & Ouyang, C. (2019). Dynamic process simulation
of construction solid waste (CSW) landfill landslide based on SPH considering
dilatancy effects. Bulletin of Engineering Geology and the Environment, 78(2), 763777.
Ling, F. Y. Y., & Nguyen, D. S. A. (2013). Strategies for construction waste management in
Ho Chi Minh City, Vietnam. Built Environment Project and Asset Management.
Linstone, H. A., & Turoff, M. (2011). Delphi: A brief look backward and
forward. Technological forecasting and social change, 78(9), 1712-1719.
Linstone, H. A., & Turoff, M. (Eds.). (1975). The delphi method (pp. 3-12). Reading, MA:
Addison-Wesley.
Liu, D., Lu, W., & Niu, Y. (2018). Extended technology-acceptance model to make smart
construction systems successful. Journal of Construction Engineering and
Management, 144(6), 04018035.
Liu, J., Gong, E., Wang, D., Lai, X., & Zhu, J. (2019). Attitudes and behaviour towards
construction waste minimisation: a comparative analysis between China and the
USA. Environmental Science and Pollution Research, 26(14), 13681-13690.
Liu, Z., Osmani, M., Demian, P., & Baldwin, A. (2015). A BIM-aided construction waste
minimisation framework. Automation in construction, 59, 1-23.
Llatas, C. (2011). A model for quantifying construction waste in projects according to the
European waste list. Waste management, 31(6), 1261-1276.

217

Lopez, R., Love, P. E., Edwards, D. J., & Davis, P. R. (2010). Design error classification,
causation, and prevention in construction engineering. Journal of performance of
constructed facilities, 24(4), 399-408.
Lorente, L., Salanova, M., Martínez, I. M., & Vera, M. (2014). How personal resources
predict work engagement and self‐rated performance among construction workers: A
social cognitive perspective. International Journal of Psychology, 49(3), 200-207.
Love, P. E., Edwards, D. J., Han, S., & Goh, Y. M. (2011). Design error reduction: toward
the effective utilization of building information modeling. Research in Engineering
Design, 22(3), 173-187.
Love, P. E., Lopez, R., Edwards, D. J., & Goh, Y. M. (2012). Error begat error: Design error
analysis and prevention in social infrastructure projects. Accident Analysis &
Prevention, 48, 100-110.
Lu, W. (2020, 3 March). Development of “Zero Waste” Cities in China [Blog post].
Retrieved April 27, 2020, from https://blog.enhesa.com/development-of-zero-wastecities-in-china#_ftn1
Lu, W., & Tam, V. W. (2013). Construction waste management policies and their
effectiveness in Hong Kong: A longitudinal review. Renewable and sustainable
energy reviews, 23, 214-223.
Lu, W., & Yuan, H. (2010). Exploring critical success factors for waste management in
construction projects of China. Resources, conservation and recycling, 55(2), 201208.
Lu, W., & Yuan, H. (2011). A framework for understanding waste management studies in
construction. Waste management, 31(6), 1252-1260.
Lu, W., & Yuan, H. (2012). Off-site sorting of construction waste: what can we learn from
Hong Kong?. Resources, conservation and recycling, 69, 100-108.
Lu, W., Peng, Y., Webster, C., & Zuo, J. (2015). Stakeholders’ willingness to pay for
enhanced construction waste management: A Hong Kong study. Renewable and
Sustainable Energy Reviews, 47, 233-240.
Luangcharoenrat, C., Intrachooto, S., Peansupap, V., & Sutthinarakorn, W. (2019). Factors
influencing construction waste generation in building construction: Thailand’s
perspective. Sustainability, 11(13), 3638.
218

Luck, T. (2016). ‘Jordan’s Syrian Refugee Economic Gamble’. Middle East Institute.
Retrieved from: http://www.mei.edu/content/article/jordan-s-syrian-refugeeeconomic-gamble
Luque-Martínez, T., Alberto Castañeda-García, J., Frías-Jamilena, D. M., Muñoz-Leiva, F.,
& Rodríguez-Molina, M. A. (2007). Determinants of the use of the internet as a
tourist information source. The Service Industries Journal, 27(7), 881-891.
Mack, N. (2005). Qualitative research methods: A data collector’s field guide.
Madhavi, T. P., Mathew, S. V., & Sasidharan, R. (2013). Material management in
construction–a case study. International journal of research in engineering and
technology, 2(13), 400-403.
Mahamid, I. (2020). Impact of rework on material waste in building construction projects.
International Journal of Construction Management, 1-8.
Mahamid, I., & Elbadawi, I. A. (2014). Construction material waste: recognition and
analysis. Research Journal of Applied Sciences, Engineering and Technology, 8(11),
1312-1318.
Mahayuddin, S. A. & Zaharuddin, W. A. Z. W. (2013). Quantification of waste in
conventional construction. International journal of environmental science and
development, 4(3), 296-299.
Mahdi, M. M., & Ali, N. S. (2019). Reducing Waste of Construction Materials in Civil
Engineering Projects In Iraq. ZANCO Journal of Pure and Applied Sciences, 31(s3),
257-263.
Mahpour, A., & Mortaheb, M. M. (2018). Financial-based incentive plan to reduce
construction waste. Journal of Construction Engineering and Management, 144(5),
04018029.
Mak, T. M., Iris, K. M., Wang, L., Hsu, S. C., Tsang, D. C., Li, C. N., ... & Poon, C. S.
(2019). Extended theory of planned behaviour for promoting construction waste
recycling in Hong Kong. Waste Management, 83, 161-170.
Mäki, T., & Kerosuo, H. (2015). Site managers’ daily work and the uses of building
information modelling in construction site management. Construction management
and economics, 33(3), 163-175.

219

Manowong, E. (2012). Investigating factors influencing construction waste management
efforts in developing countries: an experience from Thailand. Waste Management &
Research, 30(1), 56-71.
Marangunić, N., & Granić, A. (2015). Technology acceptance model: a literature review
from 1986 to 2013. Universal access in the information society, 14(1), 81-95.
Marshall, C., & Rossman, G. B. (2014). Designing qualitative research. Sage publications.
Martin, L., & Perry, F. (2019). Sustainable construction technology adoption. In Sustainable
construction technologies (pp. 299-316). Butterworth-Heinemann.
Martínez-Rojas, M., Marín, N., & Vila, M. A. (2016). The role of information technologies to
address data handling in construction project management. Journal of Computing in
Civil Engineering, 30(4), 04015064.
Marzouk, M., & Azab, S. (2014). Environmental and economic impact assessment of
construction and demolition waste disposal using system dynamics. Resources,
conservation and recycling, 82, 41-49.
Mason, J. (1996) Qualitative Researching. Thousand Oaks, USA: Sage Publications.
Matarneh, R. T. (2017). Development of sustainable assessment method and design tool for
existing and traditional buildings in Jordan. Architecture Civil Engineering
Environment, 10(4), 15-31.
Mathieson, K. (1991). Predicting user intentions: comparing the technology acceptance
model with the theory of planned behavior. Information systems research, 2(3), 173191.
McElroy, C. (2012, 4 June). Expert: Construction produces 55% of GCC waste [Blog post].
Retrieved May 25, 2019, from
https://www.arabianindustry.com/construction/news/2012/jun/4/expert-constructionproduces-55-of-gcc-waste-3521635/
Memon, A. H., Rahman, I. A., Abdullah, M. R. & Azis, A. A. A. (2010). Factors affecting
construction cost in Mara large construction project: perspective of project
management consultant. International Journal of Sustainable Construction
Engineering and Technology, 1(2), 41-54.

220

Menegaki, M., & Damigos, D. (2018). A review on current situation and challenges of
construction and demolition waste management. Current Opinion in Green and
Sustainable Chemistry, 13, 8-15.
Merriam, S. B. (1988). Case study research in education: A qualitative approach. JosseyBass.
Merriam, S. B. (1998). Qualitative Research and Case Study Applications in Education.
Revised and Expanded from" Case Study Research in Education.". Jossey-Bass
Publishers, 350 Sansome St, San Francisco, CA 94104.
Mesároš, P., & Mandičák, T. (2015). Factors affecting the use of modern methods and
materials in construction. In IOP Conference Series: Materials Science and
Engineering (Vol. 71, No. 1, p. 012053). IOP Publishing.
Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded
sourcebook. sage.
Mills, F., Lawrence, T., Rakheja, A., & Darwiche, A. K. (2012). Green building practices
around the world. ASHRAE Journal, 54(1), 48.
Mills, G. E., & Gay, L. R. (2019). Educational research: Competencies for analysis and
applications. Pearson. One Lake Street, Upper Saddle River, New Jersey 07458.
Ministry of Public Works and Housing of Jordan. (2020). Regulations.
http://www.mpwh.gov.jo/AR/List/%D8%A7%D9%84%D8%AA%D8%B9%D9%84
%D9%8A%D9%85%D8%A7%D8%AA
Mohideen, P. A., & Ramachandran, M. (2014). Strategic approach to breakdown
maintenance on construction plant–UAE perspective. Benchmarking: An
International Journal.
Montaño, D. E., & Kasprzyk, D. (2015). Theory of reasoned action, theory of planned
behavior, and the integrated behavioral model. Health behavior: Theory, research and
practice, 70(4), 231.
Morgan, G., & Smircich, L. (1980). The case for qualitative research. Academy of
management review, 5(4), 491-500.
Morris, J., Marzano, M., Dandy, N., & O’Brien, L. (2012). Theories and models of behaviour
and behaviour change. Forest Research: Surrey, United Kingdom.
221

Muhwezi, L., Chamuriho, L. M., & Lema, N. M. (2012). An investigation into materials
wastes on building construction projects in Kampala-Uganda. Scholarly Journal of
Engineering Research, 1(1), 11-18.
Mulenga, M. N. (2018). Towards sustainable construction waste minimization and
management in Zambia and beyond. Rwanda Journal of Engineering, Science,
Technology and Environment, 1(1).
Nabavi, R. T. (2012). Bandura’s social learning theory & social cognitive learning
theory. Theory of Developmental Psychology, 1-24.
Nabi, R. L., & Clark, S. (2008). Exploring the limits of social cognitive theory: Why
negatively reinforced behaviors on TV may be modeled anyway. Journal of
Communication, 58(3), 407-427.
Nagapan, S., Abdul Rahman, I. & Asmi, A. (2012d). Construction waste management:
Malaysian perspective. In The International Conference on Civil and Environmental
Engineering Sustainability (IConCEES 2011). Malaysia: Johor Bahru.
Nagapan, S., Abdul Rahman, I., & Asmi, A. (2011). A review of construction waste cause
factors. In Asian Conference on Real Estate. Malaysia
Nagapan, S., Rahman, I. A., & Asmi, A. (2012c). Factors contributing to physical and nonphysical waste generation in construction industry. International Journal of Advances
in Applied Sciences, 1(1), 1-10.
Nagapan, S., Rahman, I. A., Asmi, A., Memon, A. H. & Zin, R. M. (2012b). Identifying
causes of construction waste–case of Central Region of Peninsula Malaysia.
International Journal of Integrated Engineering, 4(2).
Nagapan, S., Rahman, I. A., Asmi, A., Memon, A. H., & Latif, I. (2012a). Issues on
construction waste: The need for sustainable waste management. In 2012 IEEE
Colloquium on Humanities, Science and Engineering (CHUSER) (pp. 325-330).
Malaysia: IEEE.
Naidoo, L. (2012). Ethnography: An introduction to definition and method. An ethnography
of global landscapes and corridors, 10, 39248.
Najafpoor A Sconces, Zarei A, Jamali-Behnam F, Vahedian-Shahroudi M, Zarei A. (2014).
A Study Identifying Causes of Construction Waste Production and Applying Safety
Management on Construction Site. Iran J Health Sci, 2(3), 49-54
222

National Development and Reform Commission of China (2014). Annual Report of the
Comprehensive Utilization of Resources in China. Prepared for the European
Commission, NDRC.
Ng, L. S., Tan, L. W., & Seow, T. W. (2018, April). Constraints to 3R construction waste
reduction among contractors in Penang. In IOP Conference Series: Earth and
Environmental Science (Vol. 140, No. 1, p. 012103). IOP Publishing.
Nikakhtar, A., Hosseini, A. A., Wong, K. Y., & Zavichi, A. (2015). Application of lean
construction principles to reduce construction process waste using computer
simulation: a case study. International Journal of Services and Operations
Management, 20(4), 461-480.
Nixon, P. J. (1978). Recycled concrete as an aggregate for concrete—a review. Matériaux et
Construction, 11(5), 371.
Nursin, A., Latif, Y., Mochtar, K., & Soeparto, H. G. (2018). Cross-party collaboration to
reduce construction waste to design-build projects. International Journal of
Technology, 9(4), 751-765.
Ohno, T. (1988). Toyota production system: beyond large-scale production. In T. Ohno
(ED.). Evolution of the Toyota Production System (pp. 17-34) CRC Press.
Oko John, A., & Emmanuel Itodo, D. (2013). Professionals’ views of material wastage on
construction sites and cost overruns. Organization, technology & management in
construction: an international journal, 5(1), 747-757.
Olushola, T., & Abiola, J. O. (2017). The efficacy of technology acceptance model: A review
of applicable theoretical models in information technology researches. Journal of
Research in Business and Management, 4(11), 70-83.
Oranga, H. M., & Nordberg, E. (1993). The Delphi panel method for generating health
information. Health policy and planning, 8(4), 405-412.
Osmani, M. (2011, January). Construction waste. In Waste (pp. 207-218). Academic Press.
Osmani, M. (2012). Construction waste minimization in the UK: current pressures for change
and approaches. Procedia-Social and Behavioral Sciences, 40, 37-40.
Osmani, M. (2013). Design waste mapping: a project life cycle approach. In Proceedings of
the Institution of Civil Engineers-Waste and Resource Management (pp. 114-127).
ICE Publishing.
223

Osmani, M., Glass, J. & Price, A. D. (2008). Architects’ perspectives on construction waste
reduction by design. Waste management, 28(7), 1147-1158.
Osmani, M., Glass, J., & Price, A. (2006, May). Architect and contractor attitudes to waste
minimisation. In Proceedings of the Institution of Civil Engineers-Waste and
Resource Management (pp. 65-72). Thomas Telford Ltd.
Otieno, O. C., Liyala, S., Odongo, B. C., & Abeka, S. O. (2016). Theory of reasoned action
as an underpinning to technological innovation adoption studies.
Ouda, O. K. M., Peterson, H. P., Rehan, M., Sadef, Y., Alghazo, J. M., & Nizami, A. S.
(2018). A case study of sustainable construction waste management in Saudi
Arabia. Waste and Biomass Valorization, 9(12), 2541-2555.
Paim, R., & Flexa, R. (2011). Process Governance: Definitions and Framework, Part
1. BPTrends, November.
Pan, M., Linner, T., Pan, W., Cheng, H., & Bock, T. (2018). A framework of indicators for
assessing construction automation and robotics in the sustainability context. Journal
of Cleaner Production, 182, 82-95.
Park, J., & Tucker, R. (2017). Overcoming barriers to the reuse of construction waste
material in Australia: a review of the literature. International Journal of Construction
Management, 17(3), 228-237.
Patil, A. R., & Pataskar, S. V. (2013). Analyzing material management techniques on
construction project. International Journal of Engineering and Innovative
Technology, 3(4), 96-100.
Patton, M. Q. (1990). Qualitative evaluation and research methods. SAGE Publications, inc.
Paul, J., Modi, A., & Patel, J. (2016). Predicting green product consumption using theory of
planned behavior and reasoned action. Journal of retailing and consumer services, 29,
123-134.
Plas, J. M., Kvale, S., & KVALE, S. A. (1996). Interviews: An introduction to qualitative
research interviewing. Sage.
Polat, G., Damci, A., Turkoglu, H. & Gurgun, A. P. (2017). Identification of root causes of
construction and demolition (C&D) waste: The case of Turkey. Procedia
engineering, 196, 948-955.
224

Poon, C. S., Ann, T. W., & Ng, L. H. (2001). On-site sorting of construction and demolition
waste in Hong Kong. Resources, conservation and recycling, 32(2), 157-172.
Poon, C. S., Yu, A. T., Wong, A., & Yip, R. (2013). Quantifying the impact of construction
waste charging scheme on construction waste management in Hong Kong. Journal of
construction engineering and management, 139(5), 466-479.
Puri-Mirza, A (2020, 29 May). Volume of construction waste in Kuwait 2005-2017. In
Statista - The Statistics Portal. Retrieved May 15, 2019, from
https://www.statista.com/statistics/645646/kuwait-volume-of-construction-waste/
Queirós, A., Faria, D., & Almeida, F. (2017). Strengths and limitations of qualitative and
quantitative research methods. European Journal of Education Studies.
Rahim, M. H. I. A., Kasim, N., Mohamed, I., Zainal, R., Sarpin, N., & Saikah, M. (2017,
November). Construction waste generation in Malaysia construction industry: illegal
dumping activities. In Materials Science and Engineering Conference Series (Vol.
271, No. 1, p. 012040).
Rahman, M. M. (2014). Barriers of implementing modern methods of construction. Journal
of management in engineering, 30(1), 69-77.
Ramanathan, C., Narayanan, S. P. & Idrus, A. B. (2012). Construction delays causing risks
on time and cost-a critical review. Construction Economics and Building, 12(1), 3757.
Randolph, J. (2009). A guide to writing the dissertation literature review. Practical
Assessment, Research, and Evaluation, 14(1), 13.
Renzi, S., & Klobas, J. (2008). Using the theory of planned behavior with qualitative
research.
Rivis, A., & Sheeran, P. (2003). Descriptive norms as an additional predictor in the theory of
planned behaviour: A meta-analysis. Current Psychology, 22(3), 218-233.
Robson, C., & McCartan, K. (2016). Real world research. John Wiley & Sons.
Rodriguez‐Melo, A., & Mansouri, S. A. (2011). Stakeholder engagement: defining strategic
advantage for sustainable construction. Business Strategy and the Environment, 20(8),
539-552.

225

Rogers, E. M. (1995). Lessons for guidelines from the diffusion of innovations. The Joint
Commission journal on quality improvement, 21(7), 324-328.
Rowe, G., & Wright, G. (1999). The Delphi technique as a forecasting tool: issues and
analysis. International journal of forecasting, 15(4), 353-375.
Rowe, G., & Wright, G. (2011). The Delphi technique: Past, present, and future prospects—
Introduction to the special issue. Technological forecasting and social change, 78(9),
1487-1490.
Royal Scientific Society of Jordan (2013). Green Building Development in Jordan. Retrieved
from https://library.fes.de/pdf-files/bueros/amman/10678.pdf
Rubin, D. and Missokia, E. (2006) Report on the Focus Group Discussions of the
Usaid/Tanzania Gender Audit. May 10-12.
Ryan, G. W., & Bernard, H. R. (2000). Data management and analysis methods.
Rykiel Jr, E. J. (1996). Testing ecological models: the meaning of validation. Ecological
modelling, 90(3), 229-244.
Saadi, N. U. R. Z. A. L. I. K. H. A., Ismail, Z. U. L. H. A. B. R. I., & Alias, Z. A. R. I. N. A.
(2016). A review of construction waste management and initiatives in
Malaysia. Journal of Sustainability Science and Management, 11(2), 101-114.
Saez, P. V., del Río Merino, M., González, A. S. A. & Porras-Amores, C. (2013). Best
practice measures assessment for construction and demolition waste management in
building constructions. Resources, Conservation and Recycling, 75, 52-62.
Sáez, P. V., Porras-Amores, C., & del Río Merino, M. (2015). New quantification proposal
for construction waste generation in new residential constructions. Journal of Cleaner
Production, 102, 58-65.
Saidu, I. & Shakantu, W. (2016). The contributions of construction material waste to project
cost overruns in Abuja, Nigeria. Acta Structilia, 23(1), 99-113.
Sanchís Pedregosa, C., Vizcarra Aparicio, J. M., & Leal Rodríguez, A. L. (2020). BIM: a
technology acceptance model in Peru.
Sasidharani, B., & Jayanthi, R. (2015). Material Waste Management In Construction
Industries. International Journal of Science and Engineering Research (IJ0SER),
3(5), 3221.
226

Saunders, M., Lewis, P. H. I. L. I. P., & Thornhill, A. D. R. I. A. N. (2007). Research
methods. Business Students 4th edition Pearson Education Limited, England.
Saunders, M., Lewis, P., & Thornhill, A. (2009). Research methods for business students.
Pearson education.
Schmidt, R. C. (1997). Managing Delphi surveys using nonparametric statistical
techniques. decision Sciences, 28(3), 763-774.
Schunk, D. H. (2012). Social cognitive theory. In K. R. Harris, S. Graham, T. Urdan, C. B.
McCormick, G. M. Sinatra, & J. Sweller (Eds.), APA handbooks in psychology®.
APA educational psychology handbook, Vol. 1. Theories, constructs, and critical
issues (p. 101–123). American Psychological
Association. https://doi.org/10.1037/13273-005
Schunk, D. H., & DiBenedetto, M. K. (2020). Motivation and social cognitive
theory. Contemporary Educational Psychology, 60, 101832.
Schwartz, S. H. (1977). Normative influences on altruism. Advances in experimental social
psychology, 10(1), 221-279.
Sekaran, U. (2000). The Research Process: Steps 4 and 5: Theoretical Framework Hypothesis
Development. Research methods for business: a skill-building approach, 3, 89-117.
Sepasgozaar, S. M., Loosemore, M., & Davis, S. R. (2016). Conceptualising information and
equipment technology adoption in construction. Engineering, Construction and
Architectural Management.
Sepasgozaar, S., Shirowzhan, S., & Wang, C. C. (2017). A scanner technology acceptance
model for construction projects. Procedia Eng, 180, 1237-1246.
Sepasgozar, S. M., & Bernold, L. E. (2013). Factors influencing the decision of technology
adoption in construction. In ICSDEC 2012: Developing the Frontier of Sustainable
Design, Engineering, and Construction (pp. 654-661).
Serpell, A. & Labra, M. A. (2003). study on construction waste in Chile. Proceedings of the
Joint Symposium of CIB W55, W65 and W107 on Knowledge Construction (pp. 102–
111). Singapore:
Serpell, A., Kort, J., & Vera, S. (2013). Awareness, actions, drivers and barriers of
sustainable construction in Chile. Technological and Economic Development of
Economy, 19(2), 272-288.
227

Shen, L. Y., Li Hao, J., Tam, V. W. Y., & Yao, H. (2007). A checklist for assessing
sustainability performance of construction projects. Journal of civil engineering and
management, 13(4), 273-281.
Shen, L. Y., Tam, V. W., Tam, C. M. & Drew, D. (2004). Mapping approach for examining
waste management on construction sites. Journal of construction engineering and
management, 130(4), 472-481.
Shirowzhan, S., Sepasgozar, S. M., Edwards, D. J., Li, H., & Wang, C. (2020). BIM
compatibility and its differentiation with interoperability challenges as an innovation
factor. Automation in Construction, 112, 103086.
Shurrab, J., Hussain, M., & Khan, M. (2019). Green and sustainable practices in the
construction industry. Engineering, Construction and Architectural Management.
Simpson, D. (2012). Institutional pressure and waste reduction: The role of investments in
waste reduction resources. International Journal of Production Economics, 139(1),
330-339.
Skoyles, E. R. & Skoyles, J. R. (1987). Waste prevention on site. London: Mitchell.
Skulmoski, G. J., Hartman, F. T., & Krahn, J. (2007). The Delphi method for graduate
research. Journal of Information Technology Education: Research, 6(1), 1-21.
SNAP (2014). Jordan Baseline Information. Syria Needs Analysis Project. Retrieved from:
https://www.acaps.org/sites/acaps/files/products/files/16_jordan_baseline_informatio
n.pdf
Sniehotta, F. F., Presseau, J., & Araújo-Soares, V. (2014). Time to retire the theory of
planned behaviour.
Solís-Guzmán, J., Marrero, M., Montes-Delgado, M. V., & Ramírez-de-Arellano, A. (2009).
A Spanish model for quantification and management of construction waste. Waste
Management, 29(9), 2542-2548.
Son, H., Park, Y., Kim, C., & Chou, J. S. (2012). Toward an understanding of construction
professionals' acceptance of mobile computing devices in South Korea: An extension
of the technology acceptance model. Automation in construction, 28, 82-90.
Stern, P. C., Kalof, L., Dietz, T., & Guagnano, G. A. (1995). Values, beliefs, and
proenvironmental action: Attitude formation toward emergent attitude objects
1. Journal of applied social psychology, 25(18), 1611-1636.
228

Swain, S. (2018, 2 September). Construction Wastes Management in the UAE [Blog post].
Retrieved May 20, 2019, from https://www.ecomena.org/construction-waste-uae/
Tam, V. W. (2008). On the effectiveness in implementing a waste-management-plan method
in construction. Waste management, 28(6), 1072-1080.
Tam, V. W., & Tam, C. M. (2008). Waste reduction through incentives: a case
study. Building Research & Information, 36(1), 37-43.
Tam, V. W., Fung, I. W., Sing, M. C., & Ogunlana, S. O. (2015). Best practice of
prefabrication implementation in the Hong Kong public and private sectors. Journal
of Cleaner Production, 109, 216-231.
Tam, V. W., Shen, L. Y. & Tam, C. M. (2007b). Assessing the levels of material wastage
affected by sub-contracting relationships and projects types with their
correlations. Building and environment, 42(3), 1471-1477.
Tam, V. W., Shen, L. Y., Fung, I. W., & Wang, J. Y. (2007a). Controlling construction waste
by implementing governmental ordinances in Hong Kong. Construction Innovation.
Tan, Y., Shen, L., & Yao, H. (2011). Sustainable construction practice and contractors’
competitiveness: A preliminary study. Habitat international, 35(2), 225-230.
Temple, B., & Young, A. (2004). Qualitative research and translation dilemmas. Qualitative
research, 4(2), 161-178.
Teo, M. M. M., & Loosemore, M. (2001). A theory of waste behaviour in the construction
industry. Construction Management and Economics, 19(7), 741-751.
Tewfik, M., & Ali, M. M. (2014). Public green buildings in Jordan. Eur. Int. J. Sci.
Technol, 3, 284-300.
Thangaratinam, S., & Redman, C. W. (2005). The delphi technique. The obstetrician &
gynaecologist, 7(2), 120-125.
The Economic Policy Council (2016). Jordan Economic Growth Plan 2018 - 2022. Retrieved
from http://www.ssif.gov.jo/UploadFiles/JEGProgramEnglish.pdf
The European Council Directive, (2008). EEC European Union. EU Directive 2008/98/EC on
waste. Official Journal of the European Union, 51, pp 1-45.
The German Corporation for International Cooperation (2014). Country Report on the Solid
Waste Management in Jordan. Retrieved from https://www.giz.de/en/html/index.html
229

The Ministry of Energy & Mineral Resources (2017). Annual Report. Retrieved
from http://images.mofcom.gov.cn/jo/201807/20180729161644462.pdf
The World Bank. (2018). What a Waste 2.0: A Global Snapshot of Solid Waste Management
to 2050. Retrieved
from https://openknowledge.worldbank.org/bitstream/handle/10986/30317/97814648
13290.pdf?sequence=12&isAllowed=y
Thompson, L. (2003). Improving the creativity of organizational work groups. Academy of
Management Perspectives, 17(1), 96-109.
Tonglet, M., Phillips, P. S., & Read, A. D. (2004). Using the Theory of Planned Behaviour to
investigate the determinants of recycling behaviour: a case study from Brixworth,
UK. Resources, conservation and recycling, 41(3), 191-214.
Turner, J. C. (2010). Social categorization and the self-concept: A social cognitive theory of
group behavior.
Udawatta, N., Zuo, J., Chiveralls, K., & Zillante, G. (2015). Improving waste management in
construction projects: An Australian study. Resources, Conservation and
Recycling, 101, 73-83.
United Nations Environment Programme (2015a). Global Waste Management Outlook (Job
No. DTI /1957/JA). Retrieved
from https://wedocs.unep.org/bitstream/handle/20.500.11822/9672/Global_Waste_Management_Outlook2015Global_Waste_Management_Outlook.pdf.pdf?sequence=3&amp%3BisAllowed
=
United Nations Environment Programme (2015b). Sustainable Consumption and Production
Global edition A Handbook for Policymakers (Job No. DTI/1770/PA). Retrieved
from https://wedocs.unep.org/handle/20.500.11822/9660
United Nations Environment Programme (2015c). Solid Waste Value Chain Analysis Irbid
and Mafraq – Jordan. Retrieved
from https://www.jo.undp.org/content/dam/jordan/docs/Publications/2016%20Docum
ents/Jordan%20Waste%20Value%20Chain%20Report_FINAL.PDF
United Nations Environment Programme (2019a). 2019 Global Status Report for Buildings
and Construction: Towards a zero-emission, efficient and resilient buildings and
230

construction sector (Job No. DTI/2265/PA). Retrieved
from http://wedocs.unep.org/bitstream/handle/20.500.11822/30950/2019GSR.pdf?seq
uence=1&isAllowed=y
United Nations Environment Programme (2019b). Global Resources Outlook 2019: Natural
Resources for the Future We Want (Job No. DTI/2226/NA). Retrieved
from https://wedocs.unep.org/bitstream/handle/20.500.11822/27517/GRO_2019.pdf?s
equence=3&isAllowed=y
United Nations Environment Programme (2019c). Sand and Sustainability: Finding new
solutions for environmental governance of global sand resources (Job No.
DEW/2237/GE). Retrieved
from https://wedocs.unep.org/bitstream/handle/20.500.11822/28163/SandSust.pdf?se
quence=1&isAllowed=y
United Nations Statistics Division. (2016). Environment Glossary. Retrieved from
https://unstats.un.org/unsd/environmentgl/gesform.asp?getitem=1178
United States Environmental Protection Agency (2016). Advancing Sustainable Materials
Management: 2016 Recycling Economic Information (REI) Report Methodology.
Retrieved from https://www.epa.gov/sites/production/files/201706/documents/final_epa_2016_rei_methodology_0.pdf
United States Environmental Protection Agency (2019). Advancing Sustainable Materials
Management: 2017 Fact Sheet (Report No. 530-F-19-007). Retrieved
from https://www.epa.gov/facts-and-figures-about-materials-waste-andrecycling/advancing-sustainable-materials-management
Van Teijlingen, E. R., & Hundley, V. (2001). The importance of pilot studies.
Vasconcelos, B., & Junior, B. B. (2015). The causes of work place accidents and their
relation to construction equipment design. Procedia Manufacturing, 3, 4392-4399.
Venkatesh, V., & Bala, H. (2008). Technology acceptance model 3 and a research agenda on
interventions. Decision sciences, 39(2), 273-315.
Venkatesh, V., & Davis, F. D. (2000). A theoretical extension of the technology acceptance
model: Four longitudinal field studies. Management science, 46(2), 186-204.

231

Villoria-Sáez, P., Porras-Amores, C. & del Río Merino, M. (2020). Estimation of
construction and demolition waste. In Advances in Construction and Demolition
Waste Recycling (pp. 13-30). Woodhead Publishing.
Votyakova, O. (2018). The organization of the unified system of waste management
construction. In IOP Conference Series: Materials Science and Engineering (Vol. 365,
No. 6, p. 062023). IOP Publishing.
Wahab, M. Z. H. (2018). Perception of the takaful operators’ performance towards
customers’ intention in using medical takaful card among public sector. Journal of
Islamic Marketing.
Wahyuni, D. (2012). The research design maze: Understanding paradigms, cases, methods
and methodologies. Journal of applied management accounting research, 10(1), 6980.
Wan, C., Shen, G. Q., & Choi, S. (2017). Experiential and instrumental attitudes: Interaction
effect of attitude and subjective norm on recycling intention. Journal of
Environmental Psychology, 50, 69-79.
Wang, J., & Yuan, H. (2011). Factors affecting contractors’ risk attitudes in construction
projects: Case study from China. International Journal of Project
Management, 29(2), 209-219.
Wang, J., Li, Z., & Tam, V. W. (2014). Critical factors in effective construction waste
minimization at the design stage: a Shenzhen case study, China. Resources,
Conservation and Recycling, 82, 1-7.
Wang, J., Wu, H., Tam, V. W. & Zuo, J. (2019). Considering life-cycle environmental
impacts and society's willingness for optimizing construction and demolition waste
management fee: An empirical study of China. Journal of cleaner production, 206,
1004-1014.
Wang, J., Yuan, H., Kang, X., & Lu, W. (2010). Critical success factors for on-site sorting of
construction waste: a China study. Resources, conservation and recycling, 54(11),
931-936.
Wang, J., Kang, X., & Wing‐Yan Tam, V. (2008). An investigation of construction wastes:
an empirical study in Shenzhen. Journal of Engineering, Design and Technology,
6(3), 227-236.
232

Wang, T., Wang, J., Wu, P., Wang, J., He, Q., & Wang, X. (2018). Estimating the
environmental costs and benefits of demolition waste using life cycle assessment and
willingness-to-pay: A case study in Shenzhen. Journal of cleaner production, 172,
14-26.
Waring, T., & Wainwright, D. (2008). Issues and challenges in the use of template analysis:
Two comparative case studies from the field. Electronic Journal of Business Research
Methods, 6(1).
Warnock, A. C. (2006). Sustainable Construction in New Zealand?‘Regulation and Policy
Lessons from Europe’.
Waste & Resources Action Programme (2011). The Construction Commitments: Halving
Waste to Landfill. Retrieved
from http://www.wrap.org.uk/sites/files/wrap/HW2L_Report__10555.pdf
Waste & Resources Action Programme (n.d.). Achieving effective Waste Minimisation
Guidance for construction clients, design teams and contractors. Retrieved
from http://www.wrap.org.uk/sites/files/wrap/Waste%20min%20mid%20level%20FI
NAL1.pdf
Waste Atlas Partnership. (2014). World’s 50 Biggest Dumpsites. Retrieved from
http://www.atlas.d-waste.com/Documents/Waste-Atlas-report-2014-webEdition.pdf
Watson, T. J. (2011). Ethnography, reality, and truth: the vital need for studies of ‘how things
work’in organizations and management. Journal of Management studies, 48(1), 202217.
Wee, S. T., Abas, M. A., Mohamed, S., Chen, G. K., & Zainal, R. (2017, October). Good
governance in national solid waste management policy (NSWMP) implementation: A
case study of Malaysia. In AIP Conference Proceedings (Vol. 1891, No. 1, p.
020128). AIP Publishing LLC.
Wiig, K. M. (1997). Knowledge management: an introduction and perspective. Journal of
knowledge Management, 1(1), 6-14.
Won, J., & Cheng, J. C. (2017). Identifying potential opportunities of building information
modeling for construction and demolition waste management and
minimization. Automation in Construction, 79, 3-18.

233

Wong, L. P. (2008). Data analysis in qualitative research: A brief guide to using
NVivo. Malaysian family physician: the official journal of the Academy of Family
Physicians of Malaysia, 3(1), 14.
World Development Indicators. (2019a). Total Population of Jordan [Data file].
Generated January 8, 2019 (11:37:53 AM)
World Development Indicators. (2019b). Investment in Energy with Private Participation
[Data file]. Generated January 8, 2019 (11:40:10 AM)
World Development Indicators. (2019b). Land Area of Jordan [Data file]. Generated January
8, 2019 (11:38:01 AM)
World Resources Institute. (2020). Water Risk Indicator [Data file]. Generated January 12,
2020 (09:30:50 AM) World’s 50 Biggest Dumpsites’
Wu, Z., Ann, T. W., & Poon, C. S. (2019). An off-site snapshot methodology for estimating
building construction waste composition-a case study of Hong Kong. Environmental
Impact Assessment Review, 77, 128-135.
Wu, Z., Ann, T. W., & Shen, L. (2017). Investigating the determinants of contractor’s
construction and demolition waste management behavior in Mainland China. Waste
Management, 60, 290-300.
Wu, Z., Ann, T. W., Shen, L. & Liu, G. (2014). Quantifying construction and demolition
waste: An analytical review. Waste Management, 34(9), 1683-1692.
Wu, Z., Shen, L., Ann, T. W. & Zhang, X. (2016). A comparative analysis of waste
management requirements between five green building rating systems for new
residential buildings. Journal of Cleaner Production, 112, 895-902.
Yahya, K., & Boussabaine, a H. (2006). Eco-costing of Construction Waste. Management of
Environmental Quality: An International Journal, 17(1): 6-19.
Yang, Z., Wang, Y., & Sun, C. (2018). Emerging information technology acceptance model
for the development of smart construction system. Journal of Civil Engineering and
Management, 24(6), 457-468.
Yeheyis, M., Hewage, K., Alam, M. S., Eskicioglu, C. & Sadiq, R. (2013). An overview of
construction and demolition waste management in Canada: a lifecycle analysis
approach to sustainability. Clean Technologies and Environmental Policy, 15(1), 8191.
234

Yin, R. K. (2003). Case study research: Design and methods (Vol. 5).
Yin, R. K. (2009). Case study research: Design and methods 4th edition. In United States:
Library of Congress Cataloguing-in-Publication Data.
Young, M. D., Plotnikoff, R. C., Collins, C. E., Callister, R., & Morgan, P. J. (2014). Social
cognitive theory and physical activity: a systematic review and meta‐analysis. Obesity
Reviews, 15(12), 983-995.
Yu, B., Wang, J., Li, J., Lu, W., Li, C. Z. & Xu, X. (2020). Quantifying the potential of
recycling demolition waste generated from urban renewal: A case study in Shenzhen,
China. Journal of Cleaner Production, 247, 119-127.
Yuan, H. (2013). Critical management measures contributing to construction waste
management: Evidence from construction projects in China. Project Management
Journal, 44(4), 101-112.
Yuan, H. P., Shen, L. Y., Hao, J. J., & Lu, W. S. (2011). A model for cost–benefit analysis of
construction and demolition waste management throughout the waste
chain. Resources, conservation and recycling, 55(6), 604-612.
Yuan, H., & Wang, J. (2017). Investigating Project Managers’ Waste Reduction Behavior in
Construction Projects. In ICCREM 2017 (pp. 422-431).
Yuan, H., Lu, W., & Hao, J. J. (2013). The evolution of construction waste sorting onsite. Renewable and Sustainable Energy Reviews, 20, 483-490.
Yuan, H., Wu, H., & Zuo, J. (2018). Understanding factors influencing project managers’
behavioral intentions to reduce waste in construction projects. Journal of
Management in Engineering, 34(6), 04018031.
Yukalang, N., Clarke, B., & Ross, K. (2017). Barriers to effective municipal solid waste
management in a rapidly urbanizing area in Thailand. International journal of
environmental research and public health, 14(9), 1013.
Zaman, A. U., & Lehmann, S. (2011). Challenges and opportunities in transforming a city
into a “zero waste city”. Challenges, 2(4), 73-93.
Zhang, X., Wu, Y., & Shen, L. (2012). Application of low waste technologies for design and
construction: a case study in Hong Kong. Renewable and sustainable energy
reviews, 16(5), 2973-2979.
235

Zhu, J. L., & Li, J. R. (2012). Construction personnel attitude and behavior on construction
waste minimization. J Civ Eng Manag, 29(2), 39-44.
Zoellner, J., Krzeski, E., Harden, S., Cook, E., Allen, K., & Estabrooks, P. A. (2012).
Qualitative application of the theory of planned behavior to understand beverage
consumption behaviors among adults. Journal of the Academy of Nutrition and
Dietetics, 112(11), 1774-1784.

236

Appendices

237

Appendix 1 (A)
Participant Invitation Letter
(Delphi Interviews)
Dear Participant,
I am a Ph.D. student at the School of Built & Environment at Salford University. I would like
to invite you to take part in a research study which I am currently undertaking, titled: An
Interpretivist Approach for the Development of a Behavioural Framework (BF) to Support the
Adoption of Waste Minimisation Behaviour of Contractors: The Case Study of Jordan. The
purpose of this interview is to explore the perceptions and views of contractor on the adoption
of waste minimisation behaviour in Jordanian construction projects. This interview will offer a
better-informed look at the current and potential status of the factors that encourages
(incentives) and/or prevent (barriers) Jordanian contractor in adopting an effective measure
toward construction waste minimisation. This is in addition to examining the effectiveness of
the Jordanian construction- related authorities in their role toward minimising construction
waste. The collected data along with the observation will support the development of the
proposed framework that could guide those in the construction industry for developing
favourable attitudes and perceptions towards minimising construction waste.
You have been nominated as a ‘panel member’ in the Delphi interview process and your
participation will involve responding to at least two different interview questions in two
different Delphi rounds (at two separate dates). Each round of interview questionnaire will take
no more than one hour of your time. There are no identified risks from participating in this
research and it is completely voluntary and you can windthrow your participation at any stage
without consequence. All data collected will be confidential and will be completely erased after
the results of the study are published. Your identity will remain anonymous and for the purpose
of the data analysis, an anonymous code will be given to each participant instead of their names.
your name. If you agreed upon participating in this interview, kindly fill out the attached short
questionnaire and send back to the below email. I hope you will be able to participate this
interview so you can share your experience and knowledge, which will help in achieving this
study aim and objectives.
If anything, you read is not clear or if you would like more information. please don’t hesitate
to ask questions to the researcher, the contact details are provided bellow. Take time to decide
whether or not to take part.

Sincerely,
Mahmoud Alhawamdeh
PhD Researcher
School of Built Environment
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University of Salford
Salford/Manchester
M5 4WT
Number: 0044 7591036551, 00962 777482085
E-mail: m.h.m.alhawamdeh@edu.salford.ac.uk

Appendix 1 (B)
Participant Invitation Letter
(Delphi Interviews)

▪

What is your educational level?

▪

What is your Job role?
•

Job title?

•

Years of experience?

•

Responsibilities?

▪

How many construction projects involved during your entire experience?

▪

Are these projects public or private? if both, approximately how many each?

▪

In general, did you work in a construction project that have a budget exceeding
400,000 JOD? If yes, approximately how many?
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Appendix 1 (C)

Participant Consent Form
(Delphi Interviews)
Title of research: An Interpretivist Approach for the Development of a Behavioural
Framework to Support the Adoption of Waste Minimisation Behaviour of
Contractors: The Case Study of Jordan.
Name of Researcher: Mahmoud Alhawamdeh
Researcher E-mail: m.h.m.alhawamdeh@edu.salford.ac.uk

Please tick the appropriate boxes:
Yes
•

I confirm that I have read and understood the information sheet for the
above study and what my contribution will be.

•

I have been given the opportunity to ask questions (face to face, via
telephone and e-mail)

•

I agree to the interview being tape recorded

•

I understand that my participation is voluntary and that I can
withdraw from the research at any time without giving any reason

•

I would you like to see a copy of the results

•

I agree to take part in this interview

Name of participant:
Signature:
Date:
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No

If you have any concerns about this research that have not been addressed by the
researcher, please contact the researcher’s supervisor via the contact details
below:

Name of Supervisor: Professor Angela Lee
Supervisor E-mail: a.lee8@salford.ac.uk

Appendix 2
Delphi Round 1 Interview Questions
Q1) Construction waste minimisation has become a major focus nowadays in many countries
around the world, why do you think it is needed in the Jordanian construction sector?
Q2) In your experience and opinion, to what extent do these benefits you mentioned in question
1, motivate the individual towards minimising construction waste and are there any other
motivational benefits? please explain
Q3) In your experience and opinion, in what way can construction skills and expertise affect
the individual’s performance in construction waste minimisation? please explain
Q4) In your experience and opinion, in what way can personal ethics reflect the individual’s
performance in construction waste minimisation? please explain
Q5) In your experience and opinion, in what way can the behaviour of colleagues, managers or
the surrounding society influence the individual's performance in construction waste
minimisation? Please explain
Q6) In your experience and opinion, in what way can legislations pressure managers toward
adopting construction waste management? Please explain
Q7) In your experience and opinion, to what extent does the availability of adequate time and
money resources facilitate waste minimisation in construction projects? please explain
Q8) In your experience and opinion, to what extent does the complexity of a construction
technology (tool or system) discourage its adoption? Please explain
Q9) In your experience and opinion, are there any other issues that may discourage the adoption
of construction technologies (tool or system) in projects? Please explain
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Q10) In your experience and opinion, what are the matters that an organisation should consider,
in order to facilitate waste minimisation in construction projects? please explain
Q11) In your experience and opinion, are there any other issues that may affect the performance
of waste minimisation in construction projects? please explain

Appendix 3
Delphi Round 2 Interview Questions
Q1) The following points were identified in the first round of interviews as the key benefits of
construction waste minimisation, and they have been ranked according to their frequency
of occurrence. Do you agree with each one of them? Please expand your answer if needed
1. Reducing construction cost
2. Increasing the productivity of the construction process
3. Improving safety at construction site
4. Reducing the environmental pollution
5. Reducing the depletion of the limited natural resources
Q2) knowledge, skills and expertise in construction affect the individual’s performance in
construction waste minimisation. In this regard, the following key issues were identified
in the first round of interviews, and they have been ranked according to their frequency of
occurrence. Do you agree with each one of them? Please expand your answer if needed
1. Awareness of the causes and types of construction waste
2. Knowledge and awareness of construction technologies (tool or system)
3. Awareness of the financial gains of construction waste minimisation
4. Skills and expertise in the handling of construction errors
5. Awareness of the negative environmental impacts of construction waste
Q3) Personal ethics reflect the individual’s performance in construction waste minimisation. In
this regard, the following key issues were identified in the first round of interviews, and
they have been ranked according to their frequency of occurrence. Do you agree with each
one of them? Please expand your answer if needed
1. Courtesy between the different levels of employees
2. Religious obligations
Q4) The benefits of construction waste minimisation motivate the individual towards
minimising construction waste. In this regard, the following key issues were identified in
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the first round of interviews, and they have been ranked according to their frequency of
occurrence. Do you agree with each one of them? Please expand your answer if needed
1. Cost reduction incentives
2. Enhanced work performance incentives
3. Health and safety incentives
4. Rewards incentives
5. Environmental benefits incentives
Q5) The following points were identified in the first round of interviews as key issues that may
affect the individual’s performance in construction waste minimisation, and they have been
ranked according to their frequency of occurrence. Do you agree with each one of them?
Please expand your answer if needed
1. Perceived increased workloads
2. Belief that waste is inevitable
3. Manager’s encouragement
Q6) The complexity of a construction technology (tool or system) discourages its adoption. In
this regard, the following key issues were identified in the first round of interviews, and
they have been ranked according to their frequency of occurrence. Do you agree with each
one of them? Please expand your answer if needed
1. System complexity and learning difficulties
2. Technical support from vendor
Q7) The incompatibility of a construction technology (tool or system) with the project,
discourage its adoption. In this regard, the following key issues were identified in the first
round of interviews, and they have been ranked according to their frequency of occurrence.
Do you agree with each one of them? Please expand your answer if needed
1. Compatibility with the existing construction practices
2. Compatibility with the project nature
Q8) The behaviour of colleagues, managers or the surrounding society influence the individual's
performance in construction waste minimisation. In this regard, the following key issues
were identified in the first round of interviews, and they have been ranked according to
their frequency of occurrence. Do you agree with each one of them? Please expand your
answer if needed
1. The practices of peer-practitioners
2. Interest of managers in construction waste minimisation
3. Wasteful culture
4. Influence of difficult employees
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Q9) Legislations pressure managers toward adopting construction waste management. In this
regard, the following key issues were identified in the first round of interviews, and they
have been ranked according to their frequency of occurrence. Do you agree with each one
of them? Please expand your answer if needed
1. Financial charges and penalties
2. Governmental supervision
3. Green construction practices
Q10) The availability of adequate time and money resources facilitate waste minimisation in
construction projects. In this regard, the following key issues were identified in the first
round of interviews, and they have been ranked according to their frequency of occurrence.
Do you agree with each one of them? Please expand your answer if needed
1. Time constraints
2. Cost constraints
Q11) The availability of adequate time and money resources facilitate waste minimisation in
construction projects. In this regard, the following key issues were identified in the first
round of interviews, and they have been ranked according to their frequency of occurrence.
Do you agree with each one of them? Please expand your answer if needed
1. On-site planning and management
2. Technical support (e.g. equipment maintenance, repairs or software support, updates &
the provision of efficient construction equipment)
3. Training and information support
4. On-site supervision
5. Management change
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Appendix 4 (A)
Participant Invitation Letter
(Workshop)
Dear Participant,
I am a Ph.D. student at the School of Built & Environment at Salford University. I would like
to invite you to take part in a research study which I am currently undertaking, titled: An
Interpretivist Approach for the Development of a Behavioural Framework (BF) to Support the
Adoption of Waste Minimisation Behaviour of Contractors: The Case Study of Jordan. The
purpose of this workshop is to evaluate the proposed framework of the research study (i.e. BF)
which aid to identify and understand the factors that encourages (incentives) and/or prevent
(barriers) Jordanian contractor in adopting an effective measure toward construction waste
minimisation. You have been nominated to participate in this validation workshop process
study which will take no more than four hours of your time. There are no identified risks from
participating in this research and it is completely voluntary and you can windthrow your
participation at any stage without consequence. All data collected will be confidential and will
be completely erased after the results of the study are published. Your identity will remain
anonymous and for the purpose of the data analysis, an anonymous code will be given to each
participant instead of their names. your name. If you agreed upon participating in this workshop,
kindly fill out the attached short questionnaire and send back to the below email. I hope you
will be able to participate this interview so you can share your experience and knowledge, which
will help in achieving this study aim and objectives.
If anything, you read is not clear or if you would like more information. please don’t hesitate
to ask questions to the researcher, the contact details are provided bellow. Take time to decide
whether or not to take part.

Sincerely,
Mahmoud Alhawamdeh
PhD Researcher
School of Built Environment
University of Salford
Salford/Manchester
M5 4WT
Number: 0044 7591036551, 00962 777482085
E-mail: m.h.m.alhawamdeh@edu.salford.ac.uk
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Appendix 4 (B)
Participant Invitation Letter
(Workshop)

▪

What is your educational level?

▪

What is your Job role?
•

Job title?

•

Years of experience?

•

Responsibilities?

▪

How many construction projects involved during your entire experience?

▪

Are these projects public or private? if both, approximately how many each?

▪

In general, did you work in a construction project that have a budget exceeding
400,000 JOD? If yes, approximately how many?
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Appendix 4 (C)

Participant Consent Form
(Workshop)
Title of research: An Interpretivist Approach for the Development of a Behavioural
Framework to Support the Adoption of Waste Minimisation Behaviour of
Contractors: The Case Study of Jordan.
Name of Researcher: Mahmoud Alhawamdeh
Researcher E-mail: m.h.m.alhawamdeh@edu.salford.ac.uk

Please tick the appropriate boxes:
Yes
•

I confirm that I have read and understood the information sheet for the
above study and what my contribution will be.

•

I have been given the opportunity to ask questions (face to face, via
telephone and e-mail)

•

I agree to the workshop being tape recorded

•

I understand that my participation is voluntary and that I can
withdraw from the research at any time without giving any reason

•

I would you like to see a copy of the results

•

I agree to take part in this workshop

Name of participant:
Signature:
Date:
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No

If you have any concerns about this research that have not been addressed by the
researcher, please contact the researcher’s supervisor via the contact details
below:

Name of Supervisor: Professor Angela Lee
Supervisor E-mail: a.lee8@salford.ac.uk

Appendix 5
Workshop Agenda and Questions
Discussion topic and questions

Time

❖ Part A

90 minutes

▪

Introduction

-

-

Back ground and rationale for the research
Objectives of the workshop
Ethical and anonymity procedures of the research

▪

General discussion

▪

In your experience and opinion, is it important to understand the issues
influencing waste minimisation behaviour of contractors in construction
projects? If so, what are the issues that you think affect the behaviour of
Jordanian contractors towards construction waste minimisation?

▪

Have you used any frameworks in past projects as a means to understand
the issues influencing the adoption of construction waste minimisation
behaviour?

-

❖ Break, free sandwiches and drinks
30 minutes
❖ Part B
120 minutes

▪

Verification of the BF content

-

In your experience and opinion, are the factors presented in the BF
applicable in the Jordanian context? Are there any other factors missing?

▪

Evaluation of the BF terminology, structure and applicability

-

Do you think that the BF’s structure and terminology is easy to
understand? Is it valid as a tool for identifying and understanding the
factors influencing waste minimisation behaviour in Jordanian
construction projects?
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▪

Summing up

Thank you for participating

Appendix 6
Ethical Approval for the Study
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