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ABSTRACT 
 

The rapid increase in population coupled with industrialization has driven urban 

development, leading to a surge in construction projects. This recent surge of 

construction projects has generated substantial construction waste (CW) that negatively 

impacts social, economic, and environmental aspects. Despite the unstoppable rise of 

construction projects, effective construction waste management (CWM) is crucial to 

minimize this waste. Building contractors play a vital role in minimizing CW, as they 

are directly involved in material handling and usage during construction. However, 

there is a limited availability of actionable tools for them to implement and improve 

their CWM. To address this gap, this study aimed to develop a maturity model for 

assessing construction waste management (CW3M) to assist building contractors in 

assessing their CWM performance and identifying areas to enhance their capabilities. 

The objectives of the study include identifying attributes that determine CWM 

capability, exploring the concept of maturity models for assessing CWM, developing 

the CW3M model, implementing and validating the model, and drawing conclusions 

and recommendations for its application. The model was developed using an approach 

that included a literature review, expert verification, factor analysis, multi-criteria 

decision analysis, model tool development, model implementation, and model 

validation.  

The process began by identifying attributes through a literature review. This was 

followed by an expert verification process involving 32 experts, with analysis using 

item-total correlation and Cronbach's alpha to ensure validity and reliability. A total of 

42 attributes were retained after the expert verification. A questionnaire incorporating 

these attributes was administered to 304 construction professionals in Cambodia and 

Thailand with experience as building contractors and familiarity with CWM practices. 

Exploratory Factor Analysis (CFA) was then conducted to group the attributes and 

name the factors, which was confirmed using Confirmatory Factor Analysis (CFA), 

resulting in a final 27 attributes across five key factors. These attributes and factors were 

used for pairwise comparisons with 10 experienced construction professionals through 

interviews, employing multi-criteria decision analysis using the Best Worst Method 

(BWM). From BWM, local weights were assigned to all attributes and factors, and then 
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global weight was calculated and normalized, referred to as global standardized weight. 

These global standardized weights and refined maturity levels were used to develop the 

CW3M model. The developed model comprised 27 attributes across five key factors: 

governance and policies (8 attributes), materials and equipment (8 attributes), 

requirements and specifications (4 attributes), construction information systems (4 

attributes), and waste collection facilities (3 attributes). The CW3M model was 

implemented by experts from 16 building contractors in Cambodia and Thailand. 

Following implementation, the experts provided feedback as part of the model 

validation process. With these results, the CW3M model was validated as appropriate, 

reliable, and suitable for building contractors to assess their current CWM performance 

and identify areas to enhance their capabilities. 

The findings of this research study provide a valuable guide for building contractors 

to enhance their CWM. The validation of the CW3M from the perspective of building 

contractors will ensure its industrial relevance and practical applicability. Ultimately, 

the results suggest that implementing the CW3M model has the potential to support 

more sustainable construction practices by minimizing CW, which will contribute to 

sustainable construction, mitigate social, economic, and environmental adverse 

impacts, and promote sustainable development.  

 

Keywords: Construction waste, Waste management, Reduce, Reuse, Performance measures, 

Construction project, Sustainable development 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Research background  

Urban development has been driven by industrialization and population growth, 

leading to a surge in construction projects within cities globally (Lee et al., 2024; Li et 

al., 2024; Ma et al., 2023a). These construction projects are crucial for sustainable 

development (Ma et al., 2023a). However, this surge in construction projects has 

resulted in significant social and environmental issues, primarily due to the extensive 

generation of construction waste (CW) (de Andrade Salgado et al., 2022; Gursel et al., 

2023; Lee et al., 2024). As urban development accelerates globally, CW has 

significantly contributed to solid waste, accounting for approximately 30% of all solid 

waste produced worldwide (Bao et al., 2023; Lu et al., 2022; Soto-Paz et al., 2023). In 

2022, global solid waste generation reached an estimated 2.25 billion tons (Cárdenas-

León et al., 2024; World-Bank, 2022). This escalating waste crisis poses severe risks to 

urban ecosystems, public health, and resource sustainability (Bao et al., 2020b; Mazzoli 

et al., 2024; Pallewatta et al., 2023; Sadri et al., 2022), making it an urgent need to 

minimize waste generation in high-impact sectors like building construction (Adhikary 

et al., 2022; Ibrahim, 2016). Effective CWM is essential for minimizing CW, 

prioritizing resource efficiency, mitigating social and environmental negative impacts, 

and fostering sustainable development (He et al., 2021; Hussain et al., 2024; Qi et al., 

2024; Yi et al., 2024). Furthermore, effective CWM practices can reduce costs, as 

inadequate CWM significantly increase project costs through material wastage and 

associated expenses, often resulting in cost overruns of 21-30% (Babalola et al., 2019; 

Forghani et al., 2023; Nilupa et al., 2015).  

Construction waste generation is substantial in developed and developing countries 

(Sharma et al., 2022; Wang et al., 2020; Zhang et al., 2022). For instance, Thailand 

produced approximately 4.2 million tons of CW in 2014 (Thongkamsuk et al., 2017), 

while Vietnam produced approximately 1.9 million tons in 2011 (Lockrey et al., 2016), 

and the European Union countries collectively produced approximately 374 million 
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tons of CW in 2016 (Hoang et al., 2021). Landfills, the expected destination for CW, 

are rapidly reaching capacity, while the improper disposal of hazardous CW threatens 

ecosystems and human health (Abdulai et al., 2024; Gursel et al., 2023; Ray et al., 2024; 

Xu et al., 2024). There is a lack of comprehensive approaches to accurately determine 

material usage, primarily due to insufficient attention and priority given to effective 

CWM practices (Chen et al., 2024a; Kylili et al., 2017; Sinoh et al., 2023). Contractors 

contribute significantly to CW generation as they are responsible for onsite material 

handling and execution processes in the construction phase (Ding et al., 2023; Janani 

et al., 2022; Li et al., 2022). Many contractors face barriers due to inadequate planning, 

misinterpretation of design specifications, and poor logistical coordination, all of which 

contribute to higher CW generation in the construction phase (Janani et al., 2022; Li et 

al., 2022; Osmani et al., 2008). For example, in Tehran, the building construction phase 

alone accounts for approximately 36% of the total CW generated across project phases 

(i.e., design, procurement, and construction) (Nezhaddehghan et al., 2023).  

Numerous research studies have aimed to identify factors contributing to CW 

production and propose recommendations for minimizing CW (Akinade, 2018; Osmani 

et al., 2008; Wang et al., 2015; Wang et al., 2019). To effectively measure and improve 

CWM, further steps are needed, including setting criteria and levels of improvement. 

Assessment techniques are essential to advance waste minimization in construction, 

with contractors being major stakeholders directly involved in the use of construction 

materials, and this initiative technique should be designed to encourage a shift towards 

waste minimization during building construction (Bilal et al., 2016; Xue et al., 2021). 

Contractors must improve their CWM, which will have the most significant impact 

(Bilal et al., 2016; Xue et al., 2021). 

This study proposes a maturity model for assessing construction waste management 

(CW3M). This CW3M model is developed for building contractors to enhance CWM 

practices during the execution of building projects. 
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1.2 Research gap  

Several studies have examined the factors contributing to effective CWM practices 

and proposed theoretical approaches to minimize CW. For instance, Wang et al. (2010) 

and Wu et al. (2017) conducted research on the construction phase to implement onsite 

sorting. Other studies identified influence factors affecting CWM from various 

construction stakeholders (i.e., clients, designers, contractors, subcontractors, suppliers, 

construction demolition companies, and CW recycling companies) (Akinade, 2018; 

Janani et al., 2022; Khanh et al., 2014; Osmani et al., 2008; Poon et al., 2004; Udawatta 

et al., 2015).  Although research efforts have primarily focused on influencing factors 

and operational strategies, limited studies have concentrated on developing assessment 

models to help contractors improve their CWM in building construction. Developing 

and implementing sustainable models can help reduce CW, encourage material 

circularity, and effectively address environmental issues (Akinade et al., 2018; Kuoribo 

et al., 2024). Janani et al. (2022) recommended that structured models be developed 

and employed during construction to minimize CW.  

In addition, several other studies have developed models related to construction 

waste management in various construction phases (i.e., design, construction, 

renovation, demolition), such as models for waste data collection, waste management 

plans and guides, waste estimation, and environmental assessment. For instance, the 

“Webfill system” is for collecting waste data (Chen et al., 2003), “SMARTWaste” is 

for auditing CW (McGrath, 2001), and the “Building waste assessment score” is for 

assessing waste in building design (Ekanayake et al., 2004). The “Waste index” is for 

material control to reduce waste in high-rise buildings (Poon et al., 2004)”. Other tools 

like the “Spanish model (Solís-Guzmán et al., 2009)”, “Stock-Flow model (Bergsdal et 

al., 2007)”, “Material Flow Analysis model (Cochran et al., 2010)”, “Multiple 

regression model (Parisi Kern et al., 2015),” “Demolition and Renovation Waste 

Estimation (Jack C.P. et al., 2013),” “DeconRCM (Banias et al., 2011),” and “Web-

based Construction Waste Estimation System (Li et al., 2013)” are for estimating waste 

in various countries, including Spain, Norway, the USA, Brazil, Hong Kong, and 

Greece. Meanwhile, the “BREEAM New Construction Standards (BREEM, 2024),” 

“LEED for Homes (USGBC, 2005),” “LCA (Hoxha et al., 2017),” “GBEL (Lu et al., 
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2019),” are for promoting sustainable design and construction practices. These models 

have addressed various aspects of CWM across multiple construction phases. Still, 

there is a lack of frameworks specifically designed to support building contractors, who 

play a crucial role in reducing CW through effective CWM during the construction 

phase. Consequently, there is an urgent need for actionable tools to help building 

contractors implement and enhance their CWM practices to minimize CW for 

sustainable construction and contribute to sustainable development.  

The maturity model offers a structured approach to support incremental progress 

for contractors in CWM practices. The maturity model addresses various practices for 

each process, guiding the increment progress from one stage to the next (Humphrey, 

1988; Paulk et al., 1991). Some studies have adapted the maturity model to the 

construction industry. For instance, Htoo et al. (2023), Liao et al. (2023), and 

Pennypacker et al. (2002) developed maturity models for assessing project management 

and organizational performance. Mohamed (2011) and Asah-Kissiedu et al. (2021a) 

developed maturity models for construction safety management. Chen et al. (2024b), 

Chen et al. (2023), and Liang et al. (2016) developed maturity models to assess building 

information modelling (BIM).  Suprun et al. (2024),  Perera et al. (2023), and Wernicke 

et al. (2023) developed maturity models to assess digital technologies in construction 

management. However, threre is limited research on the development of maturity 

models specifically focused on CWM for contractors in the building construction phase. 

There is a pressing need to develop practical, actionable, assessment-based approaches 

that enable contractors to effectively measure and enhance their CWM efforts. With 

their crucial role in CWM, contractors can align their organizational practices with 

industry sustainability goals to reduce costs, boost productivity, and mitigate 

environmental impacts (Hasik et al., 2019; Hossain et al., 2018; Park et al., 2017; Xue 

et al., 2021).  

To address this gaps, this study developed a novel maturity model to assist 

contractors in assessing their construction waste management performance and identify 

areas to enhance their capabilities (CW3M) based on the 2R strategy (reduce and reuse). 

While previous studies have commonly emphasized the 3R strategy (Reduce, Reuse 

and Recycle) (Huang et al., 2018; Kabirifar et al., 2020b; Ma et al., 2023b; Victar et al., 

2024), this study focused on the 2R strategy, which is entirely within contractors’ 
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control during construction. Recognizing that the recycling component often lies 

beyond the contractors’ direct influence (Bao et al., 2020a; Caro et al., 2024; Peng et 

al., 2021), this study proposed a more feasible strategy that contractors can implement 

and improve CWM onsite.  

 

1.3 Problem statement 

Waste minimization through effective CWM is essential (Lu et al., 2022; Marzouk 

et al., 2014). Construction waste (CW) has been produced in significant amounts as a 

result of construction activities due to the recent acceleration of urbanization and rapid 

development of the construction industry (Osmani et al., 2008; Yuan et al., 2011a). 

Construction waste is having an impact on the economics of all nations globally (Wang 

et al., 2015). Construction waste significantly impact economic, social, and 

environmental sustainability (Ma et al., 2020; Tang et al., 2020; Yang et al., 2021). This 

waste fills up a lot of landfill space and significantly influences people's lives. It also 

contains dangerous elements that endanger the environment and people's health (Huang 

et al., 2011). For instance, China produces over 200 million tons of municipal waste 

each year, of which about 40% (or 100 million tons) is generated by construction of 

new buildings (Huang et al., 2011). Therefore, minimizing CW is the most sensible 

course of action (Lu et al., 2022; Wang et al., 2014a; Yuan et al., 2011b).  

Minimizing CW is considered an ad hoc activity (Osmani et al., 2008). How to 

effectively minimize CW has become a pressing and challenging issue on a global scale 

(Hao et al., 2019) due to the urgent need to address the issue of construction waste 

generation. However, limited research has been conducted to evaluate CWM during the 

construction phase, making it challenging to determine CWM's overall performance 

(Ding et al., 2018; Singh et al., 2023). Contractors are essential to managing 

construction waste because they work closely with all construction materials on the 

project site (Ding et al., 2023; Li et al., 2022).  The contractors’ inadequate site 

planning, incorrect interpretation of the design drawings and specifications, and onsite 

logistical and operational resulted in the production of CW (Li et al., 2022; Osmani et 

al., 2008).  
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Therefore, there is a need to develop a maturity model for assessing construction 

waste management (CW3M) that contractors can use. It will help contractors enhance 

their CWM and minimize CW throughout construction processes. 

 

1.4 Research aim 

Given the lack of research regarding the assessment tools to improve construction 

waste management (CWM) in the construction phase, this research aimed to develop 

and validate the maturity model for assessing construction waste management (CW3M) 

that contractors can use. 

 

1.5 Research questions 

This research study would address the following questions in light of the research 

aim: 

• Question 1: What attributes are appropriate for developing a maturity model to 

assess construction waste management?  

• Question 2: How important are those attributes that can be used to develop a 

maturity level of construction waste management?  

• Question 3: Can this maturity model be used for construction waste 

management? 

 

1.6 Research objectives 

Five research objectives are outlined for developing the maturity model for 

assessing construction waste management that contractors can use to improve CWM 

and minimise CW at the company level to fill the research gaps, address the research 

aim, and address research questions. This study’s originality is its ability to improve 

the effectiveness of the contractors’ CWM performance for the construction phase. The 

following are the objectives of this research study:  
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• Objective 1: To identify the key attributes that determine construction waste 

management capabilities of contractors in the building construction phase 

• Objective 2: To explore the concept of maturity models and their application 

for assessing the construction waste management practices of contractors in the 

building construction phase 

• Objective 3: To develop the maturity model for the assessment of construction 

waste management (CW3M) of contractors in the building construction phase 

• Objective 4: To test and validate the CW3M model in terms of its applicability 

and relevance to industrial practices among contractors in the building 

construction phase 

• Objective 5: To conclude and recommend the use of the CW3M model for 

assessing and improving contractors’ construction waste management practices 

in the building construction phase.  

 

1.7 Research scope  

This research was conducted on construction waste management for building 

contractors by covering three aspects: economic, environmental, and social. The 

experts for the survey, expert interviews, testing and validation were mainly from 

building contractors practising in Cambodia and Thailand. This study was scoped 

within the building construction phase, as highlighted in Figure 1.1.  

 

Figure 1.1 Project life cycle  

(Adapted from Wang et al. (2023), PMI (2017) and Vilches et al. (2017)) 
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1.8 Research significance  

This study will contribute to the body of knowledge and practical insight on the 

improvement of construction waste management by evaluating the capacity of the 

current performance of the contractor and targeting the next level of improvement, 

which could help to minimize the amount of CW that will benefit for cost saving, 

reducing the negative impact on the environment, socially acceptable, and applicable 

for practical implementing by contractors. This CW3M model is a practicable and 

actionable assessment tool for improving CWM. This would meet the contractors’ 

requirements to enhance their company’s capacity in CWM.  

This research study presents the novelty in the following terms:  

• Addressing an urgent industry need: This study identified a significant gap in 

construction waste management (CWM) practices among building contractors 

and emphasizes the pressing need for actionable assessment tools. Building 

contractors are critical players in minimizing CW in building construction for 

urban development, given their direct involvement in material handling and 

usage during the construction phase.  

• Developing a new maturity model to assist building contractors in assessing 

their CWM performance and identifying areas to enhance their capabilities 

(CW3M). The model provides a structured and incremental approach to 

enhance contractors’ CWM capabilities through five maturity levels. It 

comprised 27 attributes across five key factors, and the model offers contractors 

a detailed, actionable roadmap for improving their CWM practices to minimize 

CW for sustainable construction, thereby contributing to sustainable 

development. 

• Establishing performance assessment benchmarks for building contractors: The 

results of model implementation from building contractors in Cambodia and 

Thailand, serve as benchmarks for assessing and enhancing contractors’ CWM 

performance. These benchmarks offer valuable insights for building contractors 

from countries with similar economic development who aim to evaluate and 

improve their CWM practices in building construction.  
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The findings indicate that implementing the CW3M model has the potential to 

support more sustainable construction practices by minimizing CW and improving 

resource efficiency. This can help mitigate the adverse social, economic, and 

environmental impacts, thereby fostering sustainable development. Furthermore, the 

model aligns with the United Nations' Sustainable Development Goals, particularly 

Goals 8, 9, and 11. 

 

1.9 Research limitation  

The CW3M model was developed specifically for contractors to assess their current 

CWM practices and guide future improvement. It is not intended for use by other 

construction stakeholders. The model development and validation process were based 

on input from experts of different contractors in Cambodia and Thailand. While this 

model aimed to benefit both developed and developing countries, as it is the first to 

assess CWM for contractors, future research may need further improvements to 

maximize its usefulness, such as implementing and validating the model in developed 

countries. Future research could also focus on developing other maturity models for 

assessment by different stakeholders, such as project owners, designers, consultants, 

subcontractors, and suppliers, individually or in combination. Additionally, the rapid 

growth in digital technology and industrialization of the construction sector may lead 

to new attributes and factors influencing contractors’ CWM performance, necessitating 

updates to the model to capture these evolving requirements. Future research should 

also consider developing similar maturity models for assessment across all project 

phases.  

 

1.10 Chapters outline 

This dissertation consists of 11 chapters as follows: 

• CHAPTER 1-Introduction: This chapter presents the research background, research 

gap, problem statement, research aim, research questions, research objectives, 
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research scope, research significance, research limitations, and an outline of the 

chapters. 

• CHAPTER 2-Literature review: This chapter presents an extensive literature 

review. It covers the introduction of the literature review, the definition of important 

terms, the significance of construction waste management, CWM during the 

construction phase, factors contributing to CW generation, stakeholders involved in 

CWM, CWM practices in different geographical areas, CWM in the context of 

sustainable development goals, existing assessment models, attributes or factors 

enabling effective CWM, and the mapping of CWM using the CW3M model. 

• CHAPTER 3-Research methodology: This chapter outlines the research 

methodology, including an introduction to the approach, research design, 

quantitative and qualitative methods, and the mixed methods used in this study. It 

describes the data collection methods, sample sizes, and data analysis techniques 

employed.  

• CHAPTER 4-Attributes identification and verification: This chapter focuses on 

identifying and verifying the relevant attributes as a preliminary study. It includes 

the process of attribute identification, frequency analysis, expert verification, and 

the conclusions drawn from this preliminary work. 

• CHAPTER 5-Descriptive analysis: This chapter presents a descriptive analysis, 

including the questionnaire survey and respondent profiles, data screening, 

preliminary findings, and consistency tests among sample groups. 

• CHAPTER 6-Exploratory and Confirmatory Factor Analyses: This chapter covers 

reliability tests, Exploratory Factor Analysis, and Confirmatory Factor Analysis, 

providing a detailed examination of these statistical techniques. 

• CHAPTER 7-Best Worst Method for weighing attributes: This chapter offers a 

detailed explanation of the Best Worst Method, including an introduction, 

demographic information of the experts involved, the results of pairwise 

comparisons, a discussion, and the conclusion of this chapter. 

• CHAPTER 8-Maturity model for the assessment of construction waste management 

(CW3M): This chapter provides a detailed explanation of the development of the 

CW3M model, including the definition of each attribute, the demographic profiles 
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of the experts involved, and the processes used in the development of the CW3M 

maturity model. 

• CHAPTER 9- CW3M model implementation and validation: This chapter explains 

the CW3M maturity model's implementation and validation processes. 

• CHAPTER 10-Discussion: This chapter discusses the findings from the 

development, implementation, and validation of the CW3M maturity model. 

• CHAPTER 11-Conclusion and recommendations: This chapter presents the study's 

overall conclusions and offers recommendations on the use and benefits of the 

developed CW3M model for both practical and academic applications to minimize 

construction waste in building construction.  



 

 

 

CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Introduction  

This chapter provides an overview of the literature review conducted for the 

research study, focusing on improving construction waste management (CWM). There 

is a lack of studies on developing a maturity model to assess CWM, typically for 

building contractors for the construction phase. However, several related research 

publications could support the development of a maturity model for CWM, including 

identified attributes or factors for CWM improvement, maturity models adapted for 

construction industries, and other assessment models for building projects. Attributes 

for developing a maturity model for assessing CWM were identified from the literature 

review.  

This chapter begins with an overview of the key term definitions in Section 2.2. 

Subsequently, Section 2.3 discusses CWM and its significance, followed by Section 

2.4, which outlines the role of CWM during construction. Next, Section 2.5 highlights 

CW generation, examining its sources and impacts. Section 2.6 identifies the CWM 

stakeholders, emphasizing their roles and responsibilities. Additionally, Section 2.7 

explores CWM practices and challenges across various regions. Furthermore, Section 

0 focuses on how CWM aligns with Sustainable Development Goals, underscoring its 

global relevance. Subsequently, Section 2.9 critically reviews existing CWM 

assessment models, identifying key gaps and opportunities. This leads to Section 2.10, 

which examines the attributes and factors contributing to effective CWM, synthesizing 

insights from prior studies. Finally, Section 2.11 concludes the chapter by mapping 

CWM using the proposed CW3M model, offering a CWM assessment and 

improvement process. 
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2.2 Definition  

Defining the critical terms when considering the research in construction waste 

management (CWM) is essential. The critical terms are defined as below:  

• Construction waste: Any building materials which arise from construction 

activities, encompassing but not limited to concrete, mortar, steel, fragmented 

bricks, timber, aluminium, glass, tile, plasterboard, paper, plastics, and other related 

materials (Akinade, 2018; Arif et al., 2012; Bi et al., 2022; Lu et al., 2022; Yuan et 

al., 2022).  

• Construction waste management (CWM): It is the application of knowledge, skills, 

tools and techniques to construction activities to minimize construction waste 

(Brioso, 2015; Kolaventi et al., 2020; Sasitharan Nagapan et al., 2012).  

• Construction waste management assessment: It is the systematic collection, review, 

and use of information to evaluate the quality or ability of CWM undertaken for its 

improvement or development (College, 2022; Marzouk et al., 2014).  

• Waste management system: It is the process of monitoring the generation, 

collection, storage, transportation, processing, recovery, and disposal of solid waste 

to keep the environment clean (Hoklis, 2014). 

• Better CWM: The degree of achievement in meeting objectives during the 

execution of CWM; these objectives primarily revolve around well-managed and 

minimized construction waste (CW) within the construction project (Yuan, 2013b).  

 

2.3 Construction waste management and its significance  

Over the past decade, researchers have increasingly focused on CW issues, 

publishing numerous studies in various journals. This attention highlights the growing 

concern about CW within the academic community. However, authorities and many 

professional stakeholders are not sufficiently engaged with these issues (Umar et al., 

2016). Construction waste is recognized as a significant challenge facing the 

construction sector (Ding et al., 2018; Park et al., 2017). The effective CMM is crucial 

for the economic development of the construction industry (H et al., 2022). Previous 

research on CWM has primarily concentrated on various aspects, including waste 
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reduction, reuse, recycling, and response (Chinda, 2013; Yuan, 2012). Strategies for 

minimizing waste impact can be categorized into five levels of environmental effects: 

Reduce, Reuse, Recycle, recovery, and disposal (Park et al., 2017; Singh et al., 2021; 

Yuan et al., 2022). Coordinating these strategies during the design, construction, 

renovation, and demolition processes is fundamental and represents a basic principle of 

WM. Waste reduction is typically prioritised among these strategies due to its vital role 

in preventing CW generation (Baldwin et al., 2009; Hao et al., 2019). Reduction is 

considered one of the most effective methods, not only minimizing waste generation 

and addressing environmental concerns but also reducing construction material costs, 

waste sorting costs, transportation costs, and disposal costs (Lu et al., 2011; Park et al., 

2017; Yuan, 2012; Yuan et al., 2022). However, generating some CW is unavoidable, 

and reuse strategies provide practical methods to minimize the amount of CW (Park et 

al., 2017). The principles of reduction and reuse govern CWM (Yuan et al., 2011d). 

The significance of CWM lies in its ability to minimize CW onsite, leading to cost 

savings and reduced environmental and social impact (Janani et al., 2022; Yuan, 2012). 

The CW minimization can result in various benefits, including reduced waste 

transportation costs and CO2 emissions, increased environmental awareness, improved 

company image, cost savings, profit maximization, reduced demand for landfill space, 

and legislative compliance(Janani et al., 2022). Disposing of CW in landfills 

contributes to the depletion of land resources, and illegally dumped waste poses severe 

threats to soil, water, and air, endangering the environment (Hao et al., 2019).  

Given the annual increase in building construction activities, CW’s environmental 

and economic impacts cannot be ignored (Akinade, 2018). Addressing the challenges 

of CW requires a strategic approach to planning and construction, focusing on waste 

reduction and the reuse of building materials (Akinade, 2018; Singh et al., 2021). 

Ghaffar et al. (2020)  found that using recycled products with a shorter lifetime may 

not necessarily be better for the environment than using raw materials. 

Remanufacturing products still incur environmental costs regarding energy 

consumption, material use, and greenhouse gas emissions. Figure 2.1 illustrates the 

main priority of CWM strategies, emphasizing the 2R strategy (Reduce and Reuse).  
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Figure 2.1 Main priority of CWM or CWM hierarchy (2R)  

Source(s): (Singh et al., 2021) 

 

Minimizing CW has the potential to yield significant economic, social, and 

environmental benefits, including a reduction in the demand for landfills, lower CO2 

emissions, conservation of embodied energy, preservation of the natural environment, 

and decreased project costs (Akinade, 2018; Poon et al., 2003; Porter et al., 2022). 

Researchers have emphasized that highly effective CWM contributes to the smooth 

execution of construction activities while mitigating adverse effects on the natural 

environment (Poon et al., 2013; Villoria Saez et al., 2013). This approach aligns with 

the two sustainability pillars in construction: reducing resource utilization and 

eliminating environmental pollution (Yuan et al., 2011c). Given the rapidly increasing 

amount of CW (Yuan et al., 2022), initiating CWM through waste assessment emerges 

as a potent strategy for waste reduction due to its evident environmental and 

socioeconomic benefits. Figure 2.2 below illustrates the initiation of effective CWM 

at the site, offering economic, social, and environmental value.  
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Figure 2.2 The value of construction waste management 

Source(s):  (Nichiro, 2022) 

 

2.4 Construction waste minimization in the construction phase    

Regrettably, limited comprehensive research exists to explore solutions for CWM 

during the construction phase (Nilupa et al., 2015). Numerous CWM strategies have 

been advocated to establish a more closed loop for materials and building components 

(Akinade, 2018). Some research has been conducted during the design phase (Wang et 

al., 2019) since it is considered a solution for waste minimization. A well-thought-out 

design that anticipates every detail of the entire construction project is efficient in 

preventing unnecessary material waste (Wang et al., 2015). However, most studies have 

predominantly focused on recycling CW, neglecting the importance of waste reduction 

and reuse strategies and measures in the construction phase (Hao et al., 2019). 

Previous investigations have identified factors affecting CW in various WM stages, 

including waste generation, onsite reduction, and waste disposal, which inevitably 

influence the effectiveness of the implemented management strategies (Hao et al., 2019; 

Wang et al., 2019). In the construction phase, several studies have pinpointed critical 

influencing factors contributing to problems in CWM and subsequently recommended 

improvements in these factors for better CWM (Hao et al., 2019; Wang et al., 2015). 
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To mitigate the undesirable effects of waste disposal, there is a need for an overall 

change in strategy towards reduction in the total project cost (Oyedele, 2013). 

According to Janani et al. (2022), in the pursuit of minimizing CW during the 

construction phase, contractors need to plan for the most cost-effective approach, and 

the following recommendations have been proposed:  

• Ensuring adequate supervision and controlled use of materials by experts for site 

development, along with employing skilled machinists. 

• Storing standard substances in repositories and charging maintenance amounts. 

• Receiving product details and usage instructions from product providers and skilled 

agents. 

• Using sufficient materials during production and avoiding the purchase of excessive 

substances. 

• Providing continuous guidance to field workers, despite potential extra expenses, 

plays a crucial role in effective performance. 

• Maintaining various drums and repositories to segregate different types of waste. 

• Selecting skilled and talented staff members to facilitate the smooth execution of 

work and enhance understanding of waste reduction on the site. 

• Compiling a register detailing waste, including substances purchased and the 

original amounts used.  

 

2.5 Construction waste and its generation  

In response to urbanization and economic growth, there has been a significant surge 

in development projects, leading to a proportional increase in the generation of CW 

(Janani et al., 2022; Scherbakov et al., 2023). Construction waste emerges during 

various construction activities, including building construction, renovation, and 

demolition of buildings. Construction practices involve diverse procedures and the 

utilization of substantial quantities of essential materials, raising environmental 

concerns regarding the impact of construction activities on the environment (Janani et 

al., 2022). In the construction of buildings, waste primarily comprises non-
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biodegradable materials such as cement, ceramic, steel, broken bricks, etc. These 

materials contribute to substantial waste volumes, occupying significant space on 

construction sites, pathways, or open areas, often ending up in public containers, scrap 

yards, and municipal waste facilities. Unfortunately, this waste is usually not recycled, 

as it is considered non-combustible and challenging to treat through methods like power 

retrieval and incineration (Janani et al., 2022). 

Despite the growing challenges in managing CW, efforts to address these 

challenges have primarily focused on substance separation, enhanced profitability, 

reduced transportation costs, and minimizing environmental impacts. The primary 

emphasis is reducing decomposable materials, such as cement, ceramic, plaster, steel, 

and broken bricks. To conserve natural resources, there is a need to underscore the 

importance of reducing and reusing these materials preserving essential building 

components for future use in other critical tasks (Dahlbo et al., 2015). According to 

Dahlbo et al. (2015), the most identified waste-producing components in building 

construction work are (1) Formwork, (2) Packaging and protection, (3) Finish work, (4) 

Masonry work, (5) Scaffolding, (6) Concrete work, (7) Material handling, and (8) 

Hoarding.  

 

2.5.1 Common types of materials in construction waste in building projects  

There is a perspective that the primary generation of waste occurs during site 

execution (Osmani et al., 2008). Excessive material wastage, inadequate management 

at the construction site, and insufficient focus on waste minimization are observed 

issues in construction site practices (Janani et al., 2022). The primary causes of waste 

include mishandling, improper storage, rework, lack of recycling, and excessive 

ordering (Janani et al., 2022). According to Poon et al. (2004), the following are 

common causes of waste in specific construction materials and activities: 

Timber Formwork: Timber is a commonly used construction material due to its 

affordability, lightweight, high load-bearing capacity, and pliability. However, its 

relatively low durability and reusability contribute to high wastage. Most timber waste 

arises from formwork, with a significant amount discarded after several reuses. 
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Building contractors often need to use a new set of timber formwork after a certain 

number of floor cycles, as the building design dictates. 

Wet Trades: Wet trades encompass brick/block walling, plastering, floor screeds, 

and internal and external finishings. These activities, which involve forming internal 

walls, fixtures, and decorative finishes, cause waste at various stages of construction. 

Brick/block wastage may occur during transportation, loading, unloading, and layering 

due to damage during handling, over-stacking, and overordering. Plastering waste is 

generated through excessive mixing, leftover mixed plaster, loss during application, 

poor storage, and off-cuts. Tiles are lost during cutting, transportation, loading, and 

unloading, with breakage due to improper storage practices. 

Concrete Work: Concrete work, a fundamental construction process, involves a 

significant portion of ready-mixed concrete. On average, 3 to 5% of the material is 

wasted due to excessive material ordering, broken formwork, and the need for rework 

resulting from poor concrete placement quality. 

Lu et al. (2022) and Villoria Sáez et al. (2015) have categorized common 

construction waste materials in building projects, as illustrated in Table 2.1. 

 

Table 2.1 CW materials and related objects in the construction project  

 

Source(s): (Lu et al., 2022; Villoria Sáez et al., 2015) 
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2.5.2 Proportion of construction waste in building project  

Construction activities exhibit a close correlation with the volume of generated 

waste. Timber formwork is the primary contributor to CW, constituting 30% of the total 

waste identified on these sites. Wet trades, encompassing finishing work like screeding, 

plastering, and tile laying, collectively represent the second-largest waste generator, 

contributing to 20% of the total waste. Concrete work and masonry work follow closely 

as the third and fourth major contributors, each accounting for 13%. Material handling 

ranks fifth, contributing to 10% of the identified waste. This analysis provides valuable 

insights into the specific site activities that require focused attention to reduce building 

waste effectively (Poon et al., 2004). CW generation on building projects highlights 

that bricks and blocks constitute the primary waste category onsite, contributing to 

54%. Concrete waste ranks second at 21%, followed by steel at 8%. Tiles, marble, 

granite, and steel contribute 8%, while gypsum, pop, and paints represent 9% of the 

overall construction waste (Janani et al., 2022). The proportional contribution of 

construction waste from project sites is illustrated in Figure 2.3. 

 

 

Noted: POP: Paster of Paris 

Figure 2.3 Contribution of construction waste at site 

 (Adapted from Janani et al. (2022)) 
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According to Poon et al. (2004), in a Hong Kong-based research study, the 

percentage wastage for various trades in public housing and private residential 

buildings, and the main wastage were formworks (timber) followed by tiles and 

concrete works. The details are presented in Table 2.2. 

 

Table 2.2 Percentage wastage of residential buildings 

 

Source(s): (Poon et al., 2004) 

 

2.5.3 Causing of construction waste in building project 

Various factors generate substantial waste on construction sites, significantly 

escalating project costs. These factors, as outlined by Janani et al. (2022), are shown 

below: 

• Changes and Design Revisions: This factor involves alterations and revisions in the 

design, which can lead to increased waste generation on site. 

• Reworks Contrary to Specifications: Rework due to labor mistakes or deviations 

from specified requirements contributes to the creation of additional waste. 

• Poor Schedule in Materials Procurement: Inefficient scheduling of materials 

procurement can lead to delays, affecting the overall construction process and 

increasing waste. 
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• Ordering Substances Not Meeting Task Needs: The procurement of materials that 

do not align with project requirements results in wastage and increased project 

costs. 

• Excessive Quantities of Materials: Consuming more quantities of materials than 

necessary contributes to unnecessary waste generation and cost escalation. 

• Unnecessary Inventories at Site: Maintaining unnecessary inventories onsite leads 

to increased waste, as materials may become obsolete or damaged over time. 

• Lack of Onsite Materials Control: Inadequate control over materials onsite is 

identified as a significant factor contributing to increased waste generation. 

• Inadequate Stacking and Insufficient Storage: Improper stacking and insufficient 

storage facilities can damage or deteriorate materials, leading to increased waste. 

• Inappropriate Storage Leading to Damage: Storage practices that do not align with 

the characteristics of materials can lead to damage and increased waste. 

• Lack of CWM Plan: The absence of a comprehensive waste management plan 

contributes to uncontrolled waste generation on construction sites. 

• Inadequate Supervision: Lack of adequate supervision is highlighted as a crucial 

factor influencing waste generation onsite. 

• Change Orders: Changes in project orders contribute to increased waste and can 

impact the project timeline and costs. 

 

2.5.4 Technologies in construction waste generation   

The need for effective CWM has become increasingly critical in an era of shrinking 

natural resources, scarcity, and the escalating challenges associated with increasing CW 

(Bakshan et al., 2017; Yang et al., 2021). To enhance the efficiency of CWM, the 

construction industry has embraced various informatization technologies, including 

Geographic Information System (GIS), sensor technology, Internet of Things (IoT), and 

computer vision (Chen et al., 2021; You et al., 2019; You et al., 2020). With the rapid 

advancement of hardware and software, such as Building Information Modelling 

(BIM), embedded devices, and various sensors, the construction sector has entered the 

era of big data for the digitization of construction waste handling processes (Bilal et al., 



23 

 

 

2016; Xue et al., 2021). The BIM-based approach facilitates the seamless integration 

of the CW process into construction management practices, leading to the reduction 

and reuse of construction materials (Akinade, 2018). More holistic approaches that 

leverage digital technology have the potential to minimize CW, diminish the 

environmental impact, preserve resources, and create new opportunities for circular 

business models and global marketing (Ratnasabapathy et al., 2019). The 

transformation of industry logic must be incorporated into strategic decisions to 

maintain competitiveness in the future (Paulus-Rohmer et al., 2016). The construction 

industry faces significant challenges in adopting digital technologies (Mariana, 2019). 

Technologies are the tools that will help all construction teams contribute to project 

decisions and the project's success (Akinade et al., 2017; Spoann, 2019).  

 

2.6 Stakeholders in construction waste management  

2.6.1 Concerned stakeholders in construction waste management  

In a broad context, a stakeholder is defined as “any identifiable group or individual 

who can affect the achievement of an organization’s objectives or who is affected by 

the achievement of the organization’s objectives.” In a more specific sense, 

stakeholders are those groups or individuals crucial for an organization's ongoing 

viability (Lu et al., 2015). Various stakeholder types, such as primary stakeholders who 

are directly affected by an organization’s actions and secondary stakeholders who serve 

as intermediaries indirectly impacted by organizational activities. Applying these types 

to CWM, stakeholders include: (1) Project owners or clients, (2) Designers (e.g., 

architects and engineers), (3) Consultants, (4) Main contractors, (5) Sub-contractors 

and material vendors, (6) Construction waste recyclers, (7) Regulators, (8) 

Environmentalists, and (9) The general public (Lu et al., 2015; Park et al., 2017). 

Despite this range of stakeholders, CWM research has predominantly concentrated on 

contractors as frontline stakeholders, with clients expected to play a pivotal role since 

they bear the ultimate cost of the generated CW (Lu et al., 2015; Wang et al., 2014b). 

Contractors play a crucial role in developing and implementing effective materials 

control and handling strategies. This includes initiatives to educate workers on waste 
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minimization practices and maintaining open communication with suppliers. 

Additionally, site workers need to be sensitized to the environmental repercussions of 

waste and the intrinsic value of the materials they handle. This collaborative and 

informed approach across all stakeholders contributes to the reduction of wastage 

throughout the construction lifecycle (Poon et al., 2004). 

 

2.6.2 Contractors in construction waste management   

Several constraints generation of waste in construction, including contractors' lack 

of interest and attitudes toward waste minimization, along with a lack of training in 

CWM, are the challenges to proactive and sustainable waste reduction efforts reduction 

(Osmani et al., 2008; Wang et al., 2019). Regulations aimed at fostering a 

minimization-oriented attitude among construction stakeholders have been suggested 

as a means to reduce CW (Wang et al., 2019). The enhancement of attitudinal 

approaches is deemed necessary to minimize waste generation in construction projects 

(Nilupa et al., 2015). 

Research on the attitudes and behaviour of construction stakeholders towards CWM 

has revealed noteworthy findings. For instance, managerial staff in a large Australian 

contractor exhibited a less positive perception of the WM climate than site workers, 

prioritizing cost, time, and quality objectives over potential environmental concerns 

(Wu et al., 2017). In Malaysia, Begum et al. (2009) explored the factors influencing 

contractors' attitudes and behaviours regarding WM, concluding that a positive attitude 

contributes to satisfactory WM behaviour. The absence of a regulatory framework in 

Malaysia led local contractors to base their WM behaviour primarily on direct 

economic considerations (Begum et al., 2009; Wu et al., 2017). In Europe, studies 

investigated factors influencing CWM behaviour. Calvo et al. (2014) tested the impact 

of governmental policies, such as economic incentives and penalties, on recycling CW 

aggregates in Spain. Wu et al. (2017) underscore the significance of contractors' 

attitudes and behaviour in CW minimization efforts. 

Therefore, contractors play a crucial role in CW, and their attitudes and behaviour 

toward CWM significantly impact waste minimization initiatives. 
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2.7 Construction waste management in various geographical areas   

2.7.1 Construction waste management in Southeast Asia  

The trend of urbanization in ASEAN has played a significant role in the notable 

increase in urban development, leading to a continuous rise in the generation of CW 

(Wu et al., 2016). Construction waste is identified as an “emerging waste stream” in 

this region (Hoang et al., 2019). The construction industry is increasingly contributing 

to the economies of Southeast Asian (SEA) countries, accounting for approximately 

5% of their total value added (Hoang et al., 2019). Figure 2.4 illustrates the 

construction industry’s contribution to the total value added in SEA. 

 

 

Figure 2.4 Construction industry in total value added in Southeast Asia  

Source(s): (Hoang et al., 2019) 

 

It is recognized as one of the primary sources of energy and natural resource 

consumption. Approximately 40% of the input materials in the global economy are 

reportedly utilized for construction activities (Asif et al., 2007), making the 

uncontrolled disposal of CW a significant capital waste (Hoang et al., 2019). In nearly 

all Southeast Asian (SEA) countries, the majority of CW is directly discarded at 

landfills and dumpsites (Hoang et al., 2019). Therefore, reducing and reusing CW are 
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considered promising methods to minimize the initial consumption of natural resources 

and mitigate the impact on human health and environmental pollution (Kofoworola et 

al., 2009; Mah et al., 2016). The high ratio of CW generation to the construction 

industry's value added in SEA suggests a substantial waste burden caused by 

construction activities compared to their contribution to the regional economy (Hoang 

et al., 2019). Efforts are expected to be made to develop mechanisms involving both 

the public and private sectors to enhance CWM in SEA (Hoang et al., 2019). Figure 

2.5 illustrates the composition of CW in SEA.  

 

 

Figure 2.5 CW composition in Southeast Asia  

Source(s): (Seng et al., 2011) 

 

Figure 2.6 illustrates the quantity of CW generated in the construction industry in 

SEA and other countries in 2014. The inclusion of figures from countries outside SEA 

aims to facilitate a visual comparison of CW generation in SEA with the global context, 



27 

 

 

beyond the absolute indicator of CW generation quantity, which allows for a direct 

comparison of CWM practices across different countries. 

 

 

Figure 2.6 CW generation in Southeast Asia and other countries in 2014 

Source(s): (Hoang et al., 2019) 

 

2.7.2 Construction waste management in Europe  

The cumulative volume of CW stands at approximately 860 million tons in Europe 

(EU) (Bravo et al., 2015; Lei et al., 2020). Waste prevention is a fundamental principle 

within the waste hierarchy, with CW prevention often assessed by reducing the 

generated CW quantity. Noteworthy examples include France's objective to stabilize 

CW generation by 2020, Sweden's goal to decrease CW yield per floor area compared 

to 2014, and Wales aims to reduce CW annually by 1.4% until 2050 relative to the 2006 

level (Monier et al., 2017). Estimates of CW generation in EU member states rely on 

referencing mineral waste from construction. In 2018, EU28 generated approximately 

372 million tons, while gross CW generation nearly tripled to 977 million tons. 

Germany, France, the UK, Italy, Netherlands, and Spain accounted for 88% of the gross 

CW in the EU28. Some member states, like Malta, Austria, Belgium, and Estonia, 



28 

 

 

exhibited an ascending trend, while others remained relatively stable, like Luxembourg, 

Germany, France, Netherlands, and the UK. Some states displayed fluctuating 

tendencies, such as Slovenia, Spain, Latvia, Ireland, Greece, and Finland experienced 

a significant decline after 2010 (Zhang et al., 2022). 

The UK government initiated waste minimization and sustainability initiatives, 

including goals to reduce waste to landfill by 2012 and achieve “Zero waste to landfill 

by 2020” (Oyedele et al., 2013; Phillips et al., 2011). The United States Environmental 

Protection Agency (USEPA) also set targets to understand CW material streams and 

promote research on best practices for CW reduction (Akinade, 2018). Figure 2.7 

shows the CW generation in each EU member state) (Zhang et al., 2022). In addition, 

Table 2.3 shows the total CW generation and CW indicators for selected countries in 

2014. 

 

 

Figure 2.7 CW generation in Europe (million tons)  

Source(s): (Menegaki et al., 2018) 

 

2.7.3 Construction waste management in Japan and other countries   

Countries globally are implementing various legislative measures and raising 

awareness to minimize CW. Leading the way in the reduction and reuse of CW are 
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Japan, Singapore, and several other European nations. Japan has more than 20 

subdivisions for scientifically processing “construction by-products”, emphasizing 

waste reduction on construction sites and maximizing reuse. Singapore focuses on 

establishing green building standards to minimize CW generation at its source. 

Additionally, regions like Hong Kong have adopted new and efficient CW policies over 

the past decade to address and diminish CW. This underscores a global prioritization 

of managing CW through legislative and policy measures (Lu et al., 2013). 

 

Table 2.3 Total CW generation and CW indicators for selected countries in 2014 

 

Source(s): (Lu et al., 2013) 
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2.8 CWM in response to sustainable development goals 

We must rise higher to rescue the Sustainable Development Goals (SDGs) and stay 

true to our promise of a world of peace, dignity, and prosperity on a healthy planet, 

stated Secretary-General, United Nations (Guterres, 2022; UN, 2022). To achieve these 

SDGs, all concerned stakeholders, such as governments, civil society, institutions, the 

private sector (Panzarella et al., 2023; UN, 2022), and the construction sector, such as 

developers, designers, consultants, contractors, subcontractors and suppliers (Yang et 

al., 2021), and others, are expected to contribute to the realization of the new agenda 

by participating and making a substantial effort to meet SDGs in our work of daily life 

(UN, 2022). The construction industry is increasingly under pressure and needs to 

promote sustainable CWM practices (Yang et al., 2021). As one of the construction 

sector stakeholders, we are responsible for a healthy planet. What could we do in our 

construction sector? There are many things, and construction waste is one of the main 

issues to be considered for minimization. By minimizing construction waste, we could 

be able to contribute to the achievement of goal 8 (decent work and economic growth), 

goal 9 (industry, innovation, and infrastructure), and Goal 11 (sustainable cities and 

communities) (UN, 2015).   

 

2.8.1 Sustainable development goals (SDGs) 

The Sustainable Development Goals (SDGs), adopted by the United Nations in 

2015, serve as a universal call to action for eradicating poverty, safeguarding the planet, 

and ensuring universal peace and prosperity by 2030 (UN, 2015). These 17 integrated 

goals emphasize the interconnectedness of actions in various domains and the need for 

balanced social, economic, and environmental sustainability (UN, 2015). Three specific 

SDGs are particularly relevant to CWM, and their brief explanations are as follows:  

• Goal 8: Decent work and economic growth 

Over the past 25 years, there has been a significant reduction in the number of 

workers living in extreme poverty, and the middle class in developing countries has 

expanded considerably. Despite this progress, challenges such as slower economic 
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growth, widening inequalities, and insufficient job creation persist. The SDGs aim to 

foster sustained economic growth, productivity, and technological innovation. Key 

elements include promoting entrepreneurship, job creation, and eradicating workforces, 

slavery, and human trafficking. The goal is to achieve full and productive employment 

and decent work by 2030 (UN, 2015). 

• Goal 9: Industry, innovation, and infrastructure 

Investments in infrastructure and innovation play vital roles in driving economic 

growth and development. With over half the global population residing in cities, the 

importance of mass transport, renewable energy, and the growth of new industries and 

information technologies has increased. Technological progress is essential for 

addressing economic and environmental challenges, creating jobs, and promoting 

energy efficiency. Sustainable development is facilitated by promoting sustainable 

industries, scientific research, and innovation (UN, 2015). 

• Goal 11: Sustainable cities and communities 

With more than half the world’s population living in cities and an estimated two-

thirds expected to be urban residents by 2050, sustainable development hinges on 

transformative practices in building and managing urban spaces (UN, 2015). 

Governments globally strive to engage in SDGs by encouraging all sectors to 

participate in waste minimization (UN, 2015). This necessitates active involvement 

from construction stakeholders, compelling contractors to develop and implement 

waste management plans and engage in on-site reduction and re-use of construction 

waste. For instance, government projects may adopt initiatives like the pay-for-waste 

management scheme, where contractors are obligated to create and execute waste 

management plans, along with on-site sorting of construction waste, before certain 

payments under contracts are disbursed (Poon et al., 2004). 

 

2.8.2 Sustainable construction waste management   

Sustainable development, as defined by the World Commission on Environment 

and Development, is the development that meets the public’s fundamental needs while 
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fulfilling their aspirations for a better life without compromising the well-being of 

future generations (Yuan, 2013b). Since the 1980s, sustainable development has 

evolved into a crucial value, becoming widely accepted across various disciplines, 

including sustainability management in engineering SMEs, sustainable infrastructure 

management (Fernández-Sánchez et al., 2010), and sustainable forest policy assessment 

(Vierikko et al., 2010). Implementing the principle of sustainable development means 

achieving a balance among economic, environmental, and social dimensions, 

commonly called the triple bottom line (Elkington, 1994). 

Effective CWM should prioritize balanced development across economic, 

environmental, and social dimensions. The “effectiveness of CWM” is defined as the 

extent to which objectives are realized during the implementation of CWM, focusing 

on simultaneous improvements in economic, environmental, and social performance 

within construction projects. Figure 2.8 illustrates the Conceptual Model for 

Sustainable CWM.  

 

 

Figure 2.8 Conceptual Model for Sustainable CWM 

Source(s): (Panzarella et al., 2023) 

 

For years, WM has been linked to sustainable construction. Well-executed CWM 

is recognized for facilitating the smooth implementation of construction activities while 

minimizing environmental impacts and construction costs. This aligns with the dual 

sustainability pillars of resource consumption reduction and environmental pollution 

mitigation. New strategic instruments are deemed necessary, emphasizing waste 

prevention in reducing waste volumes and mitigating environmental hazards (Ismam et 
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al., 2014). According to Ismam et al. (2014), the aspects of CWM contribute to 

sustainable construction, as shown in Table 2.4. 

 

Table 2.4 Aspects of CWM toward sustainable construction  

 

Source(s): (Ismam et al., 2014) 

 

However, there is a current lack of awareness of resource efficiency in many 

countries (Janani et al., 2022). Construction waste minimization is considered a vital 

subcomponent for driving sustainable development, aiming to reduce waste volumes 

and mitigate waste-related environmental risks. Sustainable WM is crucial in 

preserving natural resources, curbing unwanted GHG emissions, and safeguarding 

public health and the environment. The success of sustainable construction hinges 

significantly on WM and pollution prevention (Umar et al., 2016). The outcomes of 

CWM are widely recognized to be influenced by factors of environmental 

sustainability, social sustainability, and economic sustainability (Umar et al., 2016). 

The development of CWM plans has been a longstanding concern due to inadequate 

management and control procedures impacting the environment and the general public. 

The construction and building industry has seen advancements through various 

sustainability assessment standards and initiatives globally, such as the Green Building 

Index (GBI) in Malaysia, Leadership in Energy and Environmental Design (LEED) in 

the US, Building Research Establishment Environmental Assessment Methodology 

(BREEAM) in the UK, and Green Star in Australia. Despite low levels of 

environmental awareness and unsustainable WM practices, good WM practices exist 

on construction sites. Building contractors implement sustainable methods like waste 

reduction, reuse of materials, and using Industrialized Building Systems (IBS) to 

minimize onsite waste generation (Huang et al., 2011). 
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2.9 Existing assessment models  

The subsequent sections offer concise explanations of the assessment models that 

were previously established. 

2.9.1 Building environmental rating models  

To mitigate its impact, environmental assessment methods should integrate CW as 

a key component in their rating systems. Consequently, building performance 

assessment tools must incorporate WM considerations, specifically during 

construction. The Building Research Establishment Environmental Assessment 

Method (BREEAM), established in 1990, evaluates a building's overall environmental 

performance and includes an onsite WM plan in its WM category, as specified by the 

Department for Communities and Local Government (2006). The Leadership in Energy 

and Environmental Design (LEED) framework, focusing on occupant safety and health, 

addresses CW under materials and resources in its LEED-New Construction (NC) 

category. It measures the generation of CW and its reuse and recycling practices 

(Kolaventi et al., 2018b). 

Japan’s Comprehensive Assessment System for Built Environment Efficiency 

(CASBEE), a green building management system, has dual objectives, i.e., quality and 

environmental loads. However, CASBEE falls short in estimating WM performance, 

primarily focusing on selecting construction materials with low environmental loads 

(Arif et al., 2012; Kolaventi et al., 2018b). The Green Building Corporation (GBC) 

briefly mentions using recycled materials in construction. Still, it does not explicitly 

include this aspect in the construction phase, categorizing it under materials and 

resources (Kolaventi et al., 2018b). While these tools primarily focus on the early 

design and planning phases, where they have significant influence, they overlook the 

assessment and CWM during construction. This oversight is crucial, considering the 

substantial indirect costs involved, which can impact project performance within the 

framework of these methods (Kolaventi et al., 2018b). 
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2.9.2 Assessment models in the construction industry  

Various organizations and researchers have established several assessment models. 

Table 2.5 shows the ISO standards concerning sustainable aspects of building and their 

indicators (Fernández-Sánchez et al., 2010). In addition, Figure 2.9 shows the 

international standard models used in the construction industry. 

 

Table 2.5 ISO standards concerning sustainable aspects in building  

No. Standard Title Published 

year 

Remarks 

1.  
ISO 21929-1 “Sustainability in building construction sustainability 

indicators. Part 1: a framework for the development of 

indicators for buildings” 

March 

2006 

 

2.  
ISO 21930 “Sustainability in building construction environmental 

declaration of building products” 

Oct 2007  

3.  
ISO 21931-1 “Sustainability in building construction framework for 

assessment methods for environmental performance of 

construction works. Part 1: buildings” 

June 

2006 

 

4.  
ISO 21932 “Sustainability in building construction terminology” 2005  

5.  
ISO 15392 “Sustainability in building construction-general principles” May 

2008 

 

6.  
CEN EN 

15643-1 

“Sustainability of construction works integrated assessment 

of building performance. Part 1: general framework” 

- Drafted  

7.  
CEN EN 

15643-2 

“Sustainability of construction works-integrated assessment 

of building performance. Part 2: a framework for the 

assessment of environmental performance” 

- Drafted 

8.  
CEN EN 

15643-3 

“Sustainability of construction works-integrated assessment 

of building performance. Part 3: a framework for the 

assessment of social performance” 

- Drafted 

9.  
CEN EN 

15643-4 

“Sustainability of construction works-integrated assessment 

of building performance. Part 4: a framework for the 

assessment of economic performance” 

- Drafted  

10.  
RAMPICE, 

2005 

“Risk Analysis and Management for Projects. United 

Kingdom, ICE (Institution of Civil Engineers), Applicable to 

projects as a strategic framework with a strong economic 

component”. 

2005 Risk 

manage

ment  
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No. Standard Title Published 

year 

Remarks 

11.  
PRAMSimon 

et al., 1997 

“Project Risk Analysis and Management. United Kingdom, 

APM (Association of Project Managers). Applicable to 

organizations and projects, gives all the existing techniques 

for managing risks, but the project team should select the 

combination of tools and most appropriate techniques for the 

project”. 

1997 Risk 

manage

ment 

12.  
PMBoK 

ANSI/PMI 

99-001-

2004PMI, 

2004 

“Project Management Body of Knowledge. EEUU, PMI 

(Project Management Institute) Standard”. 

2004 Risk 

manage

ment 

13.  
PMBoK 

construction 

PMI, 2003 

“Extension to a guide to the project management body of 

knowledge, PMBoK Guide, PMI Standard. Extension of the 

PMBoK standard applied to construction projects”. 

2003 Risk 

manage

ment 

14.  
AS/NZS 

4360:2004 

Australia 

Standards, 

2004 

“Risk management, Australia Standards. Generic guide for 

managing risk to be applied in a wide range of activities, 

decisions or operations, particularly for groups or 

organizations”. 

2004 Risk 

manage

ment 

15.  
BS 6079-

3:2000 British 

Standard, 

2000 

“Project Management. Guide to the Management of 

Business-Related Project risk. Reino Unido, British 

Standards (BS)”. 

 

2000 Risk 

manage

ment 

16.  
BS 6079-4 

British 

Standard, 

2006 

“Project Management. Guide to the Project Management in 

Construction Industry. Reino Unido, British Standards (BS). 

Application of the British generic standard to the construction 

projects”. 

2006 Risk 

manage

ment 

17.  
ISO/IEC 

Guide 73 

“Risk Management-Vocabulary-Guidelines for Use in 

Standards. Vocabulary relating to risk management”. 

2002 Risk 

manage

ment 

18.  
ISO 31000 “Risk Management Guidelines on principles and 

implementation of Risk Management”. 

 Drafted  

19.  
UNE 

150008:2008 

“Environmental risk analysis and assessment. Assessment 

methodology and analysis of environmental risks in industrial 

activities”. 

2008  



37 

 

 

No. Standard Title Published 

year 

Remarks 

20.  
CPI for Thai 

construction 

industry  

“Development of a construction performance index 

in the construction industry: system dynamics modelling 

approach”. 

2019 (Soewin 

et al., 

2020) 

 

 

Figure 2.9 International standard models used in the construction industry 

Source(s): (Soewin et al., 2020) 

 

2.9.3 List of assessment models in construction waste management  

Several construction waste management models were studied earlier for the 

assessment of construction waste management. The following shows each assessment 

model and Table 2.6 shows the performance assessment aspects of prior CWM studies 

(Wu et al., 2019). 
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Table 2.6 Performance assessment aspects of prior CWM studies 

 

Source(s): (Wu et al., 2019) 

 

1. Life cycle assessment (LCA)  

Life cycle assessment (LCA) served as the method for evaluating the environmental 

impacts of the system. LCA is a technique used to integrate the environmental effects 

of a studied product or service throughout the entire value chain (Dahlbo et al., 2015; 

H et al., 2022). An LCA approach has been adopted to assess the performance of CWM. 

Varied waste recovery rates were implemented based on compositions and material 

flow to analyze their impact on the environmental performance of CWM systems. The 

LCA approach was utilized to capture the environmental benefits resulting from the use 

of recovered materials (Hossain et al., 2017). 

 

2. Building waste assessment score (BWAS)  

The Building Waste Assessment Score (BWAS) is a design-oriented tool 

introduced (Ekanayake et al., 2004). Critical sources of site waste were identified under 

the categories of “design” with operation and material handling as pre-determined 
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attributes. The BWAS model was developed using a multi-attribute value technique, 

incorporating respondents’ ratings on a 6-point Likert scale to generate weights for 

building sub-systems. Based on the building design appraisal system developed by the 

Building and Construction Authority in Singapore, the model was modified to create 

the BWAS model. Designers are recommended to utilize this model to formulate 

designs with reduced potential for causing sites (Ekanayake et al., 2004). The BWAS 

score for a design is derived from the building systems, and the total BWAS score is 

the summation of waste scores for various systems within the building, as expressed in 

the formula: 

BWAS = “Waste score of structural system + Waste score of structural slab system + 

Waste score for wall system + Waste score for wall finishes system + Waste score for 

floor finishes system + Waste score for ceiling finishes system + Waste score for 

roofing system” (Ekanayake et al., 2004).  

 

3. Comprehensive assessment system for building environmental efficiency 

(CASBEE) 

CASBEE-2009, introduced in Japan by the Japan Sustainable Building Consortium 

(JSBC) in 2001, is a voluntary building assessment system primarily focused on design. 

It evaluates building environmental quality, performance (Q), and building 

environmental loadings (L). CASBEE assesses various aspects, including statistical 

values for predicted energy consumption, water use, land utilization, material usage, 

environmental emissions, and measurable factors related to indoor environmental 

conditions (Arif et al., 2012). 

 

2.9.4 Maturity models  

Maturity models (MMs) present a methodology concerning the elements related to 

business processes’ definition, measurement, management, and control (Van Looy et 

al., 2011). The concepts underlying MMs are rooted in quality management and 

continuous process improvement. The Quality Management Maturity Grid (QMMG) 

by Crosby (1979, 1986) serves as the initiating point for MMs. QMMG outlines the 
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behaviour exhibited by a company across five maturity levels concerning various 

aspects of quality management. This implies that a company can attain excellence in 

quality management by progressing through the evolutionary stages of uncertainty, 

awakening, enlightenment, wisdom, and certainty. QMMG, in turn, influenced the 

development of the Capability Maturity Model (CMM) by the Software Engineering 

Institute (SEI) at Carnegie Mellon University, initially for software development, 

serving as a reference model for assessing, evaluating, and enhancing software process 

maturity (Srai et al., 2013). This evolution led to the creation of its successor, the 

Capability Maturity Model Integrated (CMMI) (Asah-Kissiedu et al., 2021b). Figure 

2.10 illustrates the characteristics of maturity levels.  

 

 

Figure 2.10 Characteristics of maturity levels 

Source(s): (Al-Matari et al., 2021) 

 

2.9.5 Adaptation of maturity models for the construction industry  

Over the past two decades, the domain of performance measurement (PM) has 

transitioned from measurement to effective management (Bititci et al., 2014). Bititci et 

al. (2014) underscored the importance of PM in overseeing organizational outcomes. 

In the 1970s, the concept initially emerged in the literature on information systems, 

specifically for managing the performance of the information systems function. Nolan 

(1974) is credited as one of the founders of this concept, introducing a four-stage 
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maturity model (Initiation, Expansion, Formalization, and Maturity) that assessed the 

maturity of an information system's function in areas like Budget, Applications, 

Personnel, and Management Techniques. Nolan's seminal work influenced the 

development of the capability maturity model (CMM) by the Software Engineering 

Institute. The CMM is a process maturity framework focused on the information 

systems function, encompassing processes such as People Capability Development, 

Software Acquisition, System Engineering, and Integrated Product Development 

(Humphrey, 1988; Moultrie et al., 2007). The CMM model addresses various practices 

for each process, guiding the increment of process maturity from one stage to the next 

(Paulk et al. 1993). The Software Engineering Institute defines CMM as “a description 

of the stages through which software organizations evolve as they define, implement, 

measure, control, and improve their software processes” (Paulk et al. 1993). The 

maturity model concept has found widespread adoption in various management 

research fields, including process management and PM (Bititci et al., 2014).  

Recognizing the potential of Maturity Models (MMs), the construction industry has 

endeavoured to adopt them from their successful applications in the manufacturing and 

software sectors. Notable efforts, such as contextualizing MMs like CMM/CMMI to 

construction processes, have been made to influence the industry positively (Dib et al., 

2012). Several studies, including the SPICE project, have explored the application of 

the Capability Maturity Model for Software (SW-CMM) principles in establishing a 

stepwise process improvement framework within the construction industry. This 

framework, comprising five maturity levels and assessing key organizational processes 

against five process enablers, aims to evaluate process capability and facilitate 

improvements. However, it has been noted that this model falls short of recognizing the 

multi-organizational nature inherent in construction work (Sarshar et al., 2000). In 

response, Vaidyanathan et al. (2007) introduced the Construction Supply Chain 

Maturity Model (CSCMM) to address inefficiencies in the construction supply chain, 

aiming to enhance performance and operational excellence (Vaidyanathan et al., 2007). 

This model operates on the premise that process maturity is achieved incrementally by 

managing CSC business processes along three dimensions: functional, project, and 

firm. It delineates a four-step progression: ad hoc, defined, managed, and controlled 

(Asah-Kissiedu et al., 2021b; Vaidyanathan et al., 2007). The following Table 2.7 
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shows the summary list of maturity models developed earlier for use in construction 

industry, however, none was developed for construction waste management (Asah-

Kissiedu, 2019). Despite several studies on the adaptation of maturity models, none 

have been conducted specifically in the context of CWM maturity models. 

 

Table 2.7 Maturity models in construction industry 

No. Maturity model Authors Area Le-

vel 

Maturity level 

description 

1.  
System dynamics modelling of 

construction safety culture 

Mohamed and  

Chinda (2011)  

Safety culture 5 Uncommitted winners, 

drifters, improvers, 

award  

and world class 

2.  
Integrated safety, health and  

environmental management 

capability maturity model 

(SHEM-CMM)  

Millicent A.K 

(2019)(Asah-

Kissiedu, 

2019) 

Safety 

management  

5 Poor, fair, mostly good, 

very good, and best  

3.  
Structured process improvement 

framework for construction 

Environments, Facilities 

Management  

(SPICE FM) 

Construct IT, 

(2001) 

Facilities  

Management 

5 Initial, planned and 

tracked, well defined,  

quantitatively 

controlled and 

continuously  

improving 

4.  
Benchmarking and readiness 

assessment for concurrent  

engineering in construction 

(BEACON) 

Khalfan et al. 

(2002) 

Concurrent  

Engineering 

4 Adhoc, repeatable, 

characterized and 

managed 

5.  
Organizational project  

management maturity model 

(OPM3) 

PMI, Rayner 

and Reiss 

(2002) 

Project 

Management 

4 Standardize, measure, 

control continuous and  

improvement 

6.  
Standardized process 

improvement for construction 

enterprises 

(SPICE 3) 

Lockamy III 

and 

McCormack, 

(2004) 

Not specified  5 Initial/chaotic, planned 

& tracked, well 

defined, quantitatively 

controlled, and 

continuously 

improving 
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No. Maturity model Authors Area Le-

vel 

Maturity level 

description 

7.  
Construction supply chain  

management model 

(CSCMM) 

Vaidyanathan 

and Howell 

(2007) 

Supply change 

management  

4 Ad hoc, defined, 

managed and 

controlled 

8.  
Interactive capability maturity 

(I-CMM) 

NIBS (2007) Building 

information  

modelling 

10 Not specified  

9.  
Change Management Maturity  

Model 

(CM3) 

Sung et al. 

(2009) 

Change 

management 

5 Adhoc, informal, 

systematic, integrated 

and continuous 

improvement 

10.  
Risk management model 

(RM3) 

Zou et al. 

(2010) 

Risk 

management  

4 Initial and Ad hoc, 

repeatable, managed an 

optimize 

11.  
A Safety Culture Maturity 

Model for the Construction 

Industry 

McGeorge et 

al. (2011) 

Safety culture 5 Emerging, managing, 

involving, cooperating 

and continually 

improve 

12.  
Supply Chain Relationship  

Maturity Model 

(PMOMIM-MCPs) 

Jia et al. 

(2011) 

Project 

management  

4 Standardize, measure, 

control and 

continuously  

improve 

13.  
Program management  

organization maturity integrated 

model for MCPs 

(PMOMIM-MCPs) 

Jia et al. 

(2011) 

Project 

management  

4 Standardize, measure, 

control and 

continuously  

improve 

14.  
Built environment management 

maturity model 

(BEM3)  

Willis and 

Rankin.  

(2012) 

Built 

environment   

3 Immature, transitional 

mature and mature 

15.  
Construction industry macro 

maturity model 

(CIM3) 

Willis and 

Rankin  

(2012) 

Not specified  3 Immature, transitional 

mature and mature 

16.  
Conceptual maturity model for  

sustainable construction 

(MMSC) 

Goh (2013) Sustainable  

construction 

5 Initial, repeatable, 

defined, managed and 

optimizing 
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No. Maturity model Authors Area Le-

vel 

Maturity level 

description 

17.  
Maturity model for a sustainable 

construction industry 

Dahabra 

(2014) 

Sustainable  

construction 

5 Unsustainable, poor 

sustainable, 

satisfactory,  

sustainable, mature 

sustainable 

18.  
Integrated information maturity 

Model (IIMM) 

Kang et al. 

(2014) 

Capital projects 3 Business efficiency, 

Business effectiveness 

and Business 

transformation 

19.  
Lean maturity framework 

(LMF) 

Nesensohnn  

(2014) 

Lean 5 Uncertain, awakening, 

systematic, integrated 

and challenging 

20.  
Public commissioning maturity 

model for construction clients 

(PCMM) 

Herman’s et 

al. (2014) 

Not specified  - Ad hoc, Repeatable, 

Standard, Managed 

Optimized 

21.  
Collaborative innovation  

capability maturity model  

(CICMM) 

Knoke (2015) Innovation  

management 

5 Initial, managed, 

defined, quantitively 

managed and  

optimizing 

22.  
Construction E-Business  

Capability Maturity Model 

(CeB-CMM) 

Rodrogo 

(2016) 

E-Business 5 Initial level, 

Repeatable level, 

Defined level,  

Managed level and 

optimizing 

23.  
Project management maturity  

Model (ProMMM) 

Backlun 

(2016) 

Project 

management  

4 Naive, Novice, 

Normalized and 

Natural 

24.  
Engineering change 

management  

maturity model 

(ECMMM) 

Storbjerg et al. 

(2016) 

Change 

management 

5 Initial, repeated, 

define, managed and 

optimized 

25.  
A maturity model for the  

involvement of stakeholders in  

the city resilience building  

process 

Gimenez, R. et 

al. (2016) 

Resilient cities 5 Unrecognized, initial, 

formalized, supportive, 

and proactive 
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No. Maturity model Authors Area Le-

vel 

Maturity level 

description 

26.  
Management maturity model 

(MMM) 

Langston and  

Ghanbaripour. 

(2016) 

Project 

management  

5 Core objectives, 

standalone projects, 

multiple aligned 

projects, and 

project/program 

collection 

27.  
DfOSH capability maturity 

model (DfOSH-CMM) 

Manu et al. 

(2018) 

Occupational 

safety  

and health 

design 

5 Disordered level, 

simple level, standard 

level, improved level 

and lean level 

28.  
Environmental management  

maturity model of construction  

programs (EMMMCP) 

Bai et al. 

(2018) 

Environmental  

management 

5 Disordered level, 

simple level, standard 

level, improved level 

and lean level 

29.  
Construction disability  

management maturity model 

(CDM3) 

Quaigrain 

(2019) 

Project 

management 

(Human 

resource)   

5 Ad hoc and chaotic, 

Planned & managed,  

Standardized practices, 

quantitatively 

measured, continuously 

refining practices 

 

Based on the list of maturity models above, 19 out of 29 were developed with 5 

maturity levels, which is the most common and aligns with the original capability model 

by Paulk (1993). For example, the conceptual maturity model for sustainable 

construction (MMSC) adapted maturity level on a scale from 1 to 5, where Level 1 

represents the lowest maturity and Level 5 represents the highest maturity (Goh et al., 

2013):  

• Level 1: Initial: Processes are ad hoc and inconsistent, with no defined standards or 

best practices. 

• Level 2: Repeatable: Basic project management processes are in place, but they may 

be inconsistently applied and lack standardization. 

• Level 3: Defined: The organisation has well-defined and standardised project 

management processes. 
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• Level 4: Managed: Project management processes are monitored, controlled, and 

measured for effectiveness. 

• Level 5: Optimized: Continuous improvement is embedded in project management 

practices, and lessons learned are actively applied. 

 

Furthermore, the SHEM-CMM maturity model employs an adapted scale ranging 

from 1 to 5, where Level 1 signifies poor maturity, and Level 5 denotes the highest 

level of maturity (Asah-Kissiedu et al., 2021b): 

• Level 1 (Poor): This level is characterised by the absence of structured processes 

and procedures. Performance consistently remains at a poor standard. 

• Level 2 (Fair): Although organizational processes and procedures may exist, they 

are typically ad-hoc and lack structure. Procedures and processes are not clearly 

defined, resulting in fair performance. 

• Level 3 (Mostly Good): Organizational processes and procedures become formal 

and defined at this level. Processes and procedures are reactive, and overall 

performance is mostly good. 

• Level 4 (Very Good): Organizational procedures and processes are planned, well-

defined, proactive, and generally align with best practices. Performance is 

consistently very good. 

• Level 5 (Best): Organizational processes and procedures are standardized, fully 

integrated throughout the organization, and subject to continuous monitoring and 

review for improvement. Performance at this level is exemplary and comparable to 

the best in the industry. 

 

In this study, experts adapted and refined the five maturity levels and score range 

of 1-5. The five levels are: Level 1 (initial), level 2 (developing), level 3 (reactive), 

level 4 (proactive), and level 5 (optimizing).  
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2.10 Attributes/ factors contributing to effective construction waste management 

The construction industry has been identified as a significant contributor to the 

generation of CW. Numerous studies have been conducted to explore potential methods 

for minimizing CW production throughout various construction stages, including 

planning, design, procurement, construction, renovation, and demolition, to address this 

concern. These studies approach the issue from multiple perspectives, such as 

environmental, social, economic, and technical considerations. For instance, Newaz et 

al. (2022) identified various factors influencing CWM streams. These factors include 

the economic value of diverted materials, onsite sorting potential, the knowledge, 

experience, and training of site operatives, accurate predictions of WM costs during 

tenders, and the identification of improved CW collection and disposal approaches. Lu 

et al. (2021) analyzed the framework of a “zero-waste construction site,” specifying its 

meaning, system boundary, assessment period, and operation strategies. This analysis 

demonstrated that achieving the goal of zero waste is challenging but feasible at 

individual construction sites. Lu et al. (2010) examined crucial success factors for WM 

in construction projects, revealing critical success factors such as WM regulations, the 

WM system, awareness of CWM, the utilization of low-waste building technologies, 

minimized design changes, and staff training in WM. 

Other effective CWM factors for building construction have been reviewed and 

categorized into the following subsections. 

 

2.10.1 Management and leadership 

Effective management and leadership play pivotal roles in enhancing the efficiency 

of CWM (Begum et al., 2009; Cha et al., 2009). According to Ajayi et al. (2017b), 

contractors’ strong commitment to WM is crucial for reducing CW. Additionally, Bao 

et al. (2021) added that efficient site management can minimize waste generation during 

construction execution. Therefore, to improve CWM, contractors need to prioritize 

enhancing their management and leadership in this regard. This may involve 

implementing an organizational breakdown structure for CWM and ensuring its 

effective implementation (Cha et al., 2009; Tam, 2008), providing thorough supervision 
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of WM activities with clear instructions (Bakshan et al., 2017; Udawatta et al., 2015), 

and maintaining precise control over on-site materials, including inspections at every 

stage, such as materials upon arrival (Janani et al., 2022; Osmani et al., 2008). 

 

2.10.2 Manpower 

Construction projects heavily depend on human resources, making the workforce 

vital in ensuring effective CWM. Cha et al. (2009); Newaz et al. (2022) have recognized 

manpower as a key factor contributing to the success of CWM. To minimize CW at 

project sites, both studies emphasize the importance of providing training and education 

to staff and workers in CWM management. Umar et al. (2016) similarly observed that 

inadequate on-site WM can lead to low productivity, which can be attributed to a lack 

of manpower development. De Magalhães et al. (2017) highlighted the significant 

impact of unskilled manpower on material waste and rework. These findings 

underscore the critical role of manpower development in CWM, as it can contribute to 

waste reduction and increased productivity in construction projects. 

 

2.10.3 Policies and strategies 

Efficient CWM is crucial for contractors aiming to ensure sustainability and 

minimize environmental impacts. Numerous studies have highlighted various factors 

contributing to the effectiveness of CWM. Among these, well-defined policies and 

strategies are considered indispensable (Ghaffar et al., 2020; Wang et al., 2014a). 

Bakshan et al. (2017) emphasized the importance of financial incentives in promoting 

waste minimization practices and motivating construction workers to adhere to WM 

policies and strategies. Newaz et al. (2022) suggested that contractors develop a formal 

plan for their WM practices, with a WM policy as a crucial component. This policy 

should articulate the contractor’s commitment to CWM, its objectives, and the 

strategies intended for effective implementation. Such a plan enables contractors to 

monitor and assess their CWM practices, pinpoint areas for improvement, and gauge 

their success in achieving their objectives. 
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Therefore, clearly defined policies and strategies, financial incentives, and a formal 

plan are imperative to implement CWM practices effectively. 

 

2.10.4 Materials 

Efficient CWM relies significantly on minimizing material waste. Numerous 

studies underscore the importance of streamlined material delivery and management to 

reduce CW. Notably, Cha et al. (2009); Poon et al. (2004); Udawatta et al. (2015) have 

emphasized the pivotal role of material use in effective CWM. Additionally, Ajayi et 

al. (2017a) have highlighted that adopting an efficient delivery schedule, employing the 

Just in Time (JIT) delivery system, and ensuring effective material delivery, including 

optimal job site access and protection during loading, transportation, and unloading, 

can contribute to CW minimization. Furthermore, Ghaffar et al. (2020) propose that 

building materials retain their value by incorporating valuable materials and products, 

as this can also reduce CW. Similarly, Daoud et al. (2021) underscore the importance 

of using good quality, durable, and standardized materials to reduce CW. 

Therefore, minimizing CW in building construction necessitates a combination of 

attributes, including efficient material delivery, using valuable building materials, and 

using good quality, durable, and standardized materials. These measures can enhance 

the effectiveness of CWM and contribute to adopting efficient CWM practices (Ajayi 

et al., 2018; Daoud et al., 2021). 

 

2.10.5 Equipment and tools 

The efficiency and effectiveness of CWM hinge significantly on the appropriate 

application of equipment and tools. Previous research consistently identifies equipment 

and tools as crucial factors contributing to the effectiveness of CWM (Cha et al., 2009; 

Kabirifar et al., 2020b; Kolaventi et al., 2018a). Wu et al. (2017) highlight their role in 

minimizing CW generation by emphasising the necessity of sufficient equipment with 

advanced construction technologies. Adopting high technologies is recommended to 

optimize construction processes and reduce waste. One such technology is Building 
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Information Modeling (BIM), which has proven to facilitate construction work and 

reduce waste (Ajayi et al., 2015; Bao et al., 2020b; Ghaffar et al., 2020). Using BIM in 

construction projects improves collaboration, visualisation, and project management. 

Consequently, BIM minimises material waste, reduces project timelines, and enhances 

project outcomes. The effectiveness of CWM depends on the appropriate application 

of equipment and tools. Adopting other advanced construction technologies can further 

facilitate construction work and reduce waste. Therefore, contractors must prioritize the 

availability and utilization of appropriate equipment and technologies to optimize 

construction processes and minimize waste generation (Kabirifar et al., 2020a; Tam, 

2008). 

 

2.10.6 Construction method and processes 

According to Ajayi et al. (2018); Cha et al. (2009); Kolaventi et al. (2020), all have 

acknowledged that construction methods and processes are fundamental factors in CW 

generation. To mitigate CW, it is imperative to provide sufficient site space and layout 

for materials movement, as emphasized by (Bao et al., 2020b; Wang et al., 2010; Yuan, 

2013b). Another recommendation for CW minimization is the establishment of separate 

bins for different waste types and sorting of individual waste by type at the site with 

noticeable categories are suggested (Ganiyu et al., 2020; Kolaventi et al., 2020; Newaz 

et al., 2022). Furthermore, the installation of bins on every floor to facilitate waste 

segregation and disposal is advocated by (Newaz et al., 2022). Adopting prefabricated 

structural elements and preassembled components, such as bathroom and kitchen pods, 

can also minimise CW (Daoud et al., 2021; Ghaffar et al., 2020). Additionally, 

maximizing the reuse of construction materials at the site is essential (Ghaffar et al., 

2020). To reduce CW from application processes, effective and efficient construction 

techniques (Janani et al., 2022; Osmani et al., 2008; Udawatta et al., 2015).  

Therefore, the implementation of an effective WM plan is crucial for the success of 

effective CWM, as highlighted by Lu et al. (2021). These strategies can aid in 

minimizing CW during the construction process and promoting effective CWM. 
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2.10.7 Documentation 

As highlighted by numerous studies, efficient document control stands out as a 

critical factor in ensuring the smooth progression of construction projects. Ajayi et al. 

(2018); Kolaventi et al. (2020) underscored the significance of document control in 

achieving effective CWM. Similarly, Udawatta et al. (2015); Zhao et al. (2022)  argued 

that proper construction documentation is indispensable for successful CWM. 

Reducing variation orders and design changes during construction is also crucial for 

minimizing Construction Waste (CW), according to (Ajayi et al., 2015; Doust et al., 

2020). There is a need to consider such factors during the construction process to 

prevent unnecessary CW generation. Additionally, obtaining professional quality 

management and certifications (such as ISO, GREEN, etc.) has been identified to 

reduce CW (Andersson et al., 2022; Ghaffar et al., 2020). Such certifications provide 

contractors with the necessary procedures to implement effective WM strategies and 

minimize their environmental impact. 

Lastly, the significance of maintaining a lesson-learned repository or recording of 

CWM cannot be overstated (Janani et al., 2022; Li et al., 2022). This documentation is 

essential for future learning and gradual improvement in CWM practices, enabling 

contractors to continuously refine their CW strategies and minimize waste generation 

in the long run. The extracted details regarding the factors controlled by contractors 

contributing to effective CWM in building construction are presented in Table 2.8. 

 

Table 2.8 Identified attributes influencing building contractors’ CWM. 

No. Factors/ Attributes References 

I. Management and leadership  

1.  
Contractors’ awareness of CW impacts on sustainable 

construction (environmental, economic, and social) 

(Fernández-Sánchez et al., 2010; 

Wang et al., 2014a; Zulu et al., 

2022)  

2.  
Contractor's effective and efficient site management 

(planning, execution, monitoring, and control) 

(Bao et al., 2021; Osmani et al., 

2008) 

3.  

Contractors' precise on-site material control (including 

inspection of all processes, e.g., inspect the materials when 

they arrive, etc.) 

(Janani et al., 2022; Osmani et al., 

2008) 

4.  Senior management behaviour and attitude on CWM 
(Begum et al., 2009; Wang et al., 

2014a) 

5.  
Contractor's adequate supervision of WM activities with 

clear instructions 

(Bakshan et al., 2017; Udawatta 

et al., 2015) 
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No. Factors/ Attributes References 

6.  

Effective coordination and communication among project 

stakeholders (Contractor vs. designer, consultant, client, 

subcontractor, supplier, etc.) 

(Kabirifar et al., 2020b; Osmani 

et al., 2008) 

 

7.  
Contractor's work experience on CWM and waste 

minimization culture within the company 

(Bakshan et al., 2017; Li et al., 

2022) 

8.  Contractor's action to reduce CW generation (De Magalhães et al., 2017) 

9.  Contractor's action to reuse CW (Wu et al., 2017) 

10.  

Contractor detailed study and an understanding of 

specifications and drawing and on-time accurate 

quantification of material/ bill of quantity 

(Kabirifar et al., 2020a; Poon et 

al., 2004) 

11.  Organization breakdown structure for CWM (Cha et al., 2009; Tam, 2008) 

12.  Prevent site accidents (Doust et al., 2020) 

13.  
Monitor and audit the waste management system 

periodically. 
(Ghaffar et al., 2020; Tam, 2008) 

14.  
Looking for and having support from the client (the project 

owner) 
(Kolaventi et al., 2018a) 

II. Manpower  

15.  
Training and education of the engineers and workers on 

WM and its effectiveness 

(Ding et al., 2018; Udawatta et 

al., 2015) 

16.  Workers are assigned solely for waste minimization. 
(Cha et al., 2009; Kolaventi et al., 

2020)  

17.  Skilled workers and workmanship (Kabirifar et al., 2020a) 

18.  Engagement of all stakeholders in CWM (Udawatta et al., 2015) 

III.  Policies and strategies  

19.  

Establish a strict policy on CWM within the company 

(including the CWM system, criteria for the quality and 

safety of reusable materials, etc.) 

(Andersson et al., 2022; De 

Magalhães et al., 2017; Ghaffar et 

al., 2020; Kolaventi et al., 2020; 

Lu et al., 2010) 

20.  
REDUCE target for every project and maximize material 

reduction at the construction site 

(Daoud et al., 2021; Ghaffar et al., 

2020; Menegaki et al., 2018; 

Yuan et al., 2022) 

21.  
REUSE target for every project and maximize material 

reuse at the construction site 

(Ajayi et al., 2017b; Menegaki et 

al., 2018; Wang et al., 2014a) 

22.  

Establish an appropriate waste management plan in an 

earlier stage of each construction (Including methods to 

deal with reusable materials) 

(Cha et al., 2009; Kolaventi et al., 

2020) (Newaz et al., 2022; Poon 

et al., 2004) 

23.  

Contractual documents may include WM targets and 

responsibilities of sub-contractors about decreasing waste 

and increasing reusable waste (i.e., setting criteria) 

(Cha et al., 2009; Ghaffar et al., 

2020; Osmani et al., 2008; Zhao 

et al., 2022) 

24.  
Financial rewards and incentives for the effectiveness of 

decreasing and reusing waste 

(Jaillon et al., 2009; Kabirifar et 

al., 2020a; Menegaki et al., 2018) 

25.  
Contractors’ current waste assessment score and future 

target 

(Kolaventi et al., 2020; Li et al., 

2022) 

IV.  Materials  

26.  Having central areas for cutting and storage (Poon et al., 2004; Tam, 2008) 

27.  
Adequate protection of material transportation and 

handling (loading and unloading) 

(Ajayi et al., 2017a; Daoud et al., 

2021; Osmani et al., 2008) 

28.  
Adequate protection of different categories of materials 

during storage and stacking 

(Kabirifar et al., 2020b; Poon et 

al., 2004; Tam, 2008) 

29.  
Preventing ordering errors and ordering appropriate 

material sizes and quantities to avoid excess 

(Doust et al., 2020; Janani et al., 

2022; Osmani et al., 2008) 

30.  Use of quality, durable, and standardized materials 
(Ajayi et al., 2018; Daoud et al., 

2021) 

31.  Adopt Just in Time (JIT) delivery system (Daoud et al., 2021) 
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No. Factors/ Attributes References 

32.  
Strong security at the project site (i.e., prevent the loss of 

materials) 
(Fernández-Sánchez et al., 2010) 

V. Equipment/ tool  

33.  Use and familiar with the application of BIM 
(Ajayi et al., 2015; Ganiyu et al., 

2020) 

34.  
Use and familiar with other related information 

technologies 

(Kabirifar et al., 2020a; Tam, 

2008) 

35.  
Availability and quality of Equipment (tools, machines, 

and vehicles) 

(Wang et al., 2010; Wu et al., 

2017) 

36.  Use and familiar with the equipment 
(Jaillon et al., 2009; Poon et al., 

2004) 

37.  
Use metal scaffolding and formwork (e.g., rent them from 

professional suppliers) 

(Ding et al., 2018; Tam, 2008; 

Wang et al., 2014a) 

VI. Construction method and processes  

38.  
Adequate site space and the site layout are cleared for 

materials movement 

(Bao et al., 2020b; Wang et al., 

2010; Yuan, 2013b) 

39.  

Set up separated bins by waste type and sort out individual 

waste by type from mixed waste at the site with notice 

categories 

(Cha et al., 2009; Kolaventi et al., 

2020; Newaz et al., 2022; Wang 

et al., 2010)  

40.  

Efficient use of materials and minimizing the 

uneconomical cutting shapes and length (including rebar 

schedule and materials lists to be reused) 

(Doust et al., 2020; Osmani et al., 

2008; Yuan, 2013a) 

41.  Effective implementation of a waste management plan 
(Lu et al., 2021; Newaz et al., 

2022) 

42.  Store waste in easily accessible areas (Yuan, 2013a) 

43.  Bins are installed on every floor (Newaz et al., 2022) 

44.  Adopt prefabricated structural elements (Daoud et al., 2021) 

45.  
Adopt preassembled components such as bathroom & 

kitchen pods 
(Daoud et al., 2021) 

46.  
Minimize waste from application processes (i.e., 

overpreparation of mortar) 

(Janani et al., 2022; Osmani et al., 

2008; Udawatta et al., 2015)  

47.  Minimize rework at the construction site (Ding et al., 2018; Yuan et al., 2022) 

VII. Documentation  

48.  Variation orders minimization (Daoud et al., 2021) 

49.  
Document control of CWM with effectiveness (amounts, 

kinds, etc.) 
(Zhao et al., 2022) 

50.  Design changes during construction minimization 
(Ajayi et al., 2015; Doust et al., 

2020) 

51.  Shop drawing detailing errors preventing 
(Ajayi et al., 2018; Doust et al., 

2020) 

52.  
Professional quality management and certification (e.g., 

ISO, GREEN, etc.) 

(Andersson et al., 2022; Ghaffar 

et al., 2020) 

53.  Lesson learned repository on CWM   (Janani et al., 2022; Li et al., 2022) 

   

 

2.11 Mapping of construction waste management using the CW3M model  

The existing research is inadequate for practical use in the construction industry for 

construction waste improvement, in which essential knowledge and skills are 

constantly and rapidly evolving, as it assumes a slow pace of knowledge development. 
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Improvement of construction waste management in such environments, therefore, finds 

themselves inadequate in terms of well-understood cleared criteria, the current stage of 

construction waste management capability, and the targeted level of improvement of 

construction waste management.  

To address these research gaps, this study is being conducted to develop the 

maturity model for assessing construction waste management that contractors can use. 

This research aims to determine effective approaches to minimize waste generation in 

the construction phase. Mixed methods will be adopted by combining qualitative and 

quantitative research approaches. Data surveys and interviews from respective 

contractors will be used for model development and validation. The findings will reveal 

critical solutions for contractors’ CWM. To drive the direction of research clearly, the 

CWM process is developed for ease of understanding, depicted in Figure 2.11.  
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Figure 2.11 Mapping of CWM process   



 

 

 

CHAPTER 3 

RESEARCH METHODOLOGY 

3.1 Introduction  

This chapter presents the research outline. It outlines the applied approaches, 

including a literature review, expert verification, factor analysis, multi-criteria decision 

analysis using the Best-Worst Method, model tool development, model 

implementation, and model validation. Expert verification was used to validate the list 

of attributes. Exploratory Factor Analysis (EFA) identified the main categories or key 

factors and their associated attributes that influence CWM. Confirmatory Factor 

Analysis (CFA) confirmed the attributes and factors identified through EFA. The Best 

Worst Method was used to weigh the attributes. After obtaining the standardized global 

weight of all attributes, the CW3M model was developed and then tested and validated 

by experts from different contractors. 

 

3.2 Research design  

The research design is essential as it serves as a blueprint guiding the attainment of 

predefined research objectives. It aids researchers in acquiring solutions to research 

questions while effectively controlling variance by establishing a logical linkage 

between the data to be gathered and the initial research questions (Panuwatwanich, 

2008). Generally, the research design involves a sequence of logical decision-making 

choices that researchers must judiciously make, taking into account the study's purpose, 

setting, degree of researcher interference, timeframe, and the unit of analysis (Cavana 

et al., 2001; Panuwatwanich, 2008). Moreover, decisions are made concerning the 

sample type and data collection methods, how attributes are measured, and the analysis 

of concepts and attributes (Cavana et al., 2001; Panuwatwanich, 2008). The subsequent 

sections described the research activities designed to fulfil the objectives of the current 

study. 
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3.2.1 Outline of research  

The study begins with a comprehensive literature review to identify the attributes 

influencing the effectiveness of CWM, then frequency analysis, and then verified with 

experts by using a preliminary questionnaire and interviews with key experts in the 

field. Instruments in the form of questionnaires are then developed to collect data for 

EFA and CFA. A pilot test was conducted to ensure the effectiveness and clarity of the 

questionnaires. Following the pilot test, data collection takes place immediately. The 

questionnaires were distributed to project management teams and engineers who have 

experience working with contractors operating in Cambodia and Thailand. Once 

sufficient responses are obtained, the data is inputted for analysis using EFA and CFA. 

Based on the results from EFA and CFA, a pairwise comparisons questionnaire for 

BWM will be developed and pilot-tested. This pairwise questionnaire will then be used 

for data collection from experts. The data is gathered from experts and then analyzed 

for each attribute’s local and global weight. The global weights were normalized as 

global standardized weights, which were then used to develop the CW3M model. Once 

the CW3M model is developed, it is subjected to testing and validation with the help of 

key experts in the field. Finally, based on the findings, a conclusion and 

recommendations are drawn. The research outline is shown in Figure 3.1. 
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Phase 1: Literature Review

Phase 4: Model Development

Phase 5: Model Testing and Validation

Phase 3: Grouping Attributes and Confirmation

Phase 2: Preliminary Study

List of attributes

Validated CW3M model

Conclusion and 

recommendation

Expert judgment through

Model implementation and 

feedback (16 Contractors) 

INPUTS TECHNIQUES OUTPUTS

Developed CW3M 

model

Developed CW3M 

model 

Frequency analysis

Weight of attributes: 

1) Local weight 

2) Global weight

Best Worst Method 

(BWM) (10 experts)

Data collection

(Structure Interviews)

Develop questionnaire

(5 likert scale)

Pilot test 
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Figure 3.1 The research outline 
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3.2.2 Aligning research objective and methodology 

Table 3.1 shows asligning research objectives and methodology, and  Figure 3.2 

shows the stages of data collection.  

 

Table 3.1 Aligning research objectives and methodology 

Items Objectives Methodolo-

gies 

Outputs Answered research 

questions 

1.  
To identify attributes that 

determine construction 

waste management 

capability in construction 

• Literature 

review 

• Experts’ 

judgment  

 

List of identified 

attributes   

It will answer research 

question No. 1: What 

attributes are appropriate for 

the development of a maturity 

model to assess construction 

waste management? 

2.  
To explore the maturity 

model concept for the 

application to assess the 

construction waste 

management 

Literature 

review 

 

List of maturity 

models in 

construction 

management  

It will answer research 

question No. 2: How 

important are those attributes 

that can be used to develop a 

maturity level of construction 

waste management? 

3.  
To develop the maturity 

model for the assessment 

of construction waste 

management (CW3M) 

- Survey and 

Experts’ 

judgement 
- EFA, CFA 

and BWM 
 

Maturity model for 

the assessment of 

construction waste 

management 

(CW3M) 

It will answer research 

question No. 2: How 

important are those attributes 

that can be used to develop a 

maturity level of construction 

waste management? 

4.  
To validate the model and 

test the industrial 

relevance of the CW3M 

model from the 

perspective of building 

contractors 

Expert 

judgment 

through 

Model 

implementatio

n and 

feedback 

(Contractors) 

Validated CW3M 

model  

It will answer research 

question No. 3: Can this 

maturity model be used for 

construction waste 

management? 

5.  
To conclude and make 

recommendations relating 

to the use of the CW3M 

model  

Experts’ 

judgement 

 

Recommendations 

relating to the use 

of the CWM3 

model  

It will answer research 

question No. 3: Can this 

maturity model be used for 

construction waste 

management? 
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Figure 3.2 Stages of data collection 

 

3.3 Quantitative method  

Questionnaires are a common tool used in quantitative methods to obtain 

instrument-based data that can be examined using statistical techniques to make 

inferences. This method’s sample sizes are frequently sizable and representative, 

enabling the extrapolation of quantitative findings to a larger population. Although 

regarded as an essential research method, some argue that quantitative approaches are 

strict and lack context, which could undermine the validity of study findings (Bryman, 

2016; Denscombe, 2017). However, the quantitative method is still helpful when used 

effectively, considering the study’s objectives and the questions that need to be 

answered. As stated by Akinade et al. (2018); Asah-Kissiedu et al. (2021b); Creswell 

(2009), survey research and experimental research are two common 

quantitative approaches. By analysing a sample from that group, surveys provide a 

quantitative description of attitudes, opinions, and population trends (Creswell, 2014; 

Creswell et al., 2017). They consist of longitudinal and cross-sectional studies that use 

questionnaires or interviews to gather data, with their primary objective being to 

extrapolate results from a sample to the entire population (Babbie, 2020). While cross-

sectional surveys concurrently capture data or during a relatively short interval, offering 

a snapshot of the researched features at a single time, longitudinal surveys include 

gathering data over more extended periods. The mode of data collection and participant 

sample significantly impact the validity of survey results (Bryman, 2016). 
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3.4 Qualitative method 

The qualitative method focuses on investigating and understanding the meaning that 

people or groups attach to a phenomenon (Creswell, 2014; Creswell et al., 2017). It 

involves taking on fieldwork to acquire access to individuals, environments, or 

organizations, utilizing subjective measurements to study behaviours in natural 

settings, and then analyzing the results to determine their significance (Creswell, 2009). 

This method focuses on clarifying the meaning of a phenomenon. Hence, words are 

more important than numbers (Bryman, 2016). Research issues concerning how and 

why are particularly appropriate for qualitative studies (Fellows et al., 2021). As a 

result, the interpretive framework informs the inductive procedures of the qualitative 

research technique about theory and literature (Asah-Kissiedu et al., 2021b; Sutrisna, 

2009). 

 

3.5 Mixed methods  

According to Creswell et al. (2017), this method combines qualitative and 

quantitative techniques into a single research methodology. Mixed, multi, or 

triangulation approaches are defined by Creswell (2014) as the concurrent use of 

several inquiry tactics, including qualitative and quantitative ones. When the study 

problem permits the gathering and analysis qualitative and quantitative data, a mixed-

method strategy is usually used to provide a more thorough and in-depth understanding 

of a phenomenon (Asah-Kissiedu, 2019). A mixed-method approach, combined with 

quantitative and qualitative techniques, is used in this study. 

 

3.6 Data collection methods in this study   

The methodical gathering of information is known as data collection. The present 

study included various data collection approaches, including a review of the existing 

research, expert verification process, questionnaire survey, expert interviews, model 

testing and validation by experts. These methods are covered in detail in the following 

sections. 
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3.6.1 Review of literature    

A thorough examination of CWM literature served as the basis for identifying 

potential capability attributes in CWM. Extensive searches were conducted using 

Google Scholar, Scopus, and others. Litmaps (https://app.litmaps.co), a prominent 

science discovery platform, was employed for this study. Litmaps offers a visual 

citation navigation interface, serving as an ultimate tool for exploring scientific 

literature, mapping the research landscape, and identifying articles closely linked to 

specific topics. Utilizing Litmaps, the study incorporated various quick-start options, 

such as importing articles from reference managers, conducting keyword searches and 

initiating searches with a seed article (Arief et al., 2023; Kaur et al., 2022; Normann et 

al., 2023). The research keyword “Construction Waste Management” was employed 

for exploration for this study. Figure 3.3 shows the typical example of Seed Articles 

from Litmaps.  

 

 

Figure 3.3 Typical example of Seed Articles from Litmaps  
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Zhao et al. (2022) and (Jin et al., 2019) used Scopus “advanced document search” 

to identify the related article papers related to CWM. This study applied the Scopus 

search “Advanced document search” to determine the journal articles related to CWM, 

which concerned contractors in the 2R strategy. A list of 56 journal articles was 

generated from the initial search. The screening process thoroughly examined the titles, 

abstracts, and keywords (Bao et al., 2023). The coding for the search was as follows:  

TITLE-ABS-KEY (contractor) AND TITLE-ABS-KEY (construction OR building) 

AND TITLE-ABS-KEY (waste) AND TITLE-ABS-KEY (manag*) AND TITLE-

ABS-KEY (attribute OR factor OR indicator) AND TITLE-ABS-KEY (reduc* OR 

reus* OR minimi*) AND (LIMIT-TO (DOCTYPE, "ar") OR LIMIT-TO (DOCTYPE, 

"re"))  

3.6.2 Expert verification process  

A validation process was conducted with experts working in the construction 

industry to verify the identified attributes for CWM. By using experts' opinions and in-

depth expertise, this verification attempted to improve or enhance certain features. A 

group of experts was gathered to guarantee the effectiveness of this verification process. 

The experts were chosen based on what was provided by Asah-Kissiedu et al. (2021b); 

Hallowell et al. (2009) to select the experts. These requirements included an advanced 

degree in Construction Engineering and Management (CEM) or similar subjects, with 

a minimum qualification of a bachelor’s degree (BSc.) and a minimum of five years of 

professional experience in the construction industry. The questionnaire distribution and 

interviewing methods aligned with the guidance for thorough data collection (Creswell 

et al., 2017). An item-total correlation analysis was used to analyze the data. The 

relationship between a particular attribute and the composite score obtained from all 

the qualities that make up the measure of the construct is evaluated using this type of 

correlation. The total construct score and the scores of each characteristic should show 

a significant association when all attributes collectively represent the same construct 

(Omani-Samani et al., 2018; Wang et al., 2017). SPSS is used to apply for the item-

total correlation value. According to Park et al. (2020); Pett et al. (2003), an attribute 

that measures something different from the overall construct is indicated by a corrected 
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item-total correlation value of less than 0.30. It is advised that you remove it in these 

circumstances. 

 

3.6.3 Exploratory and Confirmatory Factor Analysis   

To get data for Exploratory and Confirmatory Factor Analysis involving the survey 

method. The survey method is an approach to gathering data that involves asking people 

questions over the phone, online, in-person or online interviews, or using paper-based, 

standardized questionnaires (Ponto, 2015). Both qualitative and quantitative research 

can use this methodology. The two main forms of the survey method are questionnaires 

and document reviews. It is common to consider questionnaires part of the more 

extensive survey process. A questionnaire consists of a predetermined list of questions 

that participants must complete and send back to the researcher (De Leeuw, 2012; 

Ponto, 2015). 

This study employed both purposive and snowball sampling techniques (Biernacki 

et al., 1981; Campbell et al., 2020). According to Dattalo (2008), purposive sampling 

involves using the researcher’s knowledge of the population regarding research goals. 

Respondents are selected based on the researcher’s judgment that they will provide 

access to the desired information. Purposive sampling can also be used to select 

participants based on their willingness to be studied or their knowledge of a particular 

topic. Purposive sampling involved identifying construction professionals in Cambodia 

and Thailand, with respondents further requested to distribute questionnaires within 

their networks. The research instrument comprised two sections. The first was to 

capture demographic details such as academic and professional qualifications, 

organization type, and work experience. The second was about attributes contributing 

to better CWM performance.  This current study conducted the survey online using a 

questionnaire developed through the licensed platform “https://shout.com”. The 

questionnaire design ensured that each question was mandatory for respondents to 

answer, thus enabling progression to subsequent sections and the questionnaire 

submission. Before data collection, a pilot test was carried out to refine the instrument. 



64 

 

 

Respondents were chosen based on their engagement in building construction, with the 

expectation that they had worked as contractors for at least a year (Ikuabe et al., 2022). 

  

3.6.4 Best Worst Method  

A Multi-Criteria Decision Analysis (MCDA) based on the Best Worst Method 

(BWM) was employed in this study. The primary purpose of utilising the BWM is to 

determine the weights of each attribute influencing CWM. Introduced in 2015, the 

BWM addresses multi-criteria decision-making (MCDM) problems by identifying the 

best and worst criteria, conducting pairwise comparisons, and formulating a maximin 

problem to derive weights. This method aims to reduce the complexity of pairwise 

comparisons and enhance consistency in decision-making (Rezaei, 2015). In MCDM 

problems, alternatives are assessed based on various criteria to select the best 

alternative(s). The BWM involves identifying the best and worst criteria, conducting 

pairwise comparisons between each of these criteria and others, and solving a maximin 

problem to determine weights. The method introduces a consistency ratio for reliability 

checks (Rezaei, 2015). 

Rezaei (2015) conducted numerical examples and real-world decision-making 

problems to compare BWM and the Analytic Hierarchy Process (AHP). Statistical 

results indicate that BWM outperforms AHP regarding consistency ratio, minimum 

violation, total deviation, and conformity. BWM requires less comparison data and 

produces more consistent and reliable results than the existing AHP technique (Rezaei, 

2015). BWM utilizes two vectors of pairwise comparisons to determine the weights of 

criteria. Pairwise comparisons are made after identifying the best and worst criteria, 

leading to more efficient and consistent decision-making (Rezaei, 2015). Since its 

introduction, BWM has garnered attention for its efficiency in reducing the amount of 

pairwise comparisons. A survey of BWM publications from 2015 to 2019 reveals its 

widespread adoption in various fields (Mi et al., 2019). The method addresses 

challenges posed by AHP, such as numerous pairwise comparisons and consistency 

issues. BWM’s linear growth in complexity compared to AHP’s exponential growth 

demonstrates its superior performance in decreasing the number of pairwise 
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comparisons (Mi et al., 2019). The BWM was proposed in response to AHP’s 

challenges, offering a new structure for pairwise comparisons. By predetermining the 

best and worst criteria, BWM significantly reduces the number of necessary pairwise 

comparisons, overcoming AHP’s complexity and inconsistency issues (Mi et al., 2019; 

Rezaei, 2015). Figure 3.4 illustrates times of pairwise comparisons of BWM and AHP 

in general. In addition, Table 3.2 illustrates the number of pairwise comparisons of five 

factors with 27 attributes in this current study. The lesser the number of pairwise 

comparisons per participant, the more manageable the cognitive load and the more 

reliable the results (Rezaei, 2015). In this study, with 27 attributes under five factors, 

the number of pairwise comparisons under the BWM was 44, compared to 81 by the 

AHP. Therefore, BWM was considered for this study. 

 

 

Figure 3.4. The times of pairwise comparisons of BWM and AHP  

Source(s): (Mi et al., 2019; Rezaei, 2015) 

 

Table 3.2 Comparing the number of pairwise comparisons using AHP Vs. AHP 

Factors        AHP BWM 

  n n(n-1)/2 2n-3 

1 “Governance and policies (GP)” 8 28 13 

2 “Materials and equipment (ME)” 8 28 13 

3 “Requirements and specifications (RS)” 4 6 5 

4 “Construction information systems (CIS)” 4 6 5 

5 “Waste collection facilities (WCF)” 3 3 3 

Sub-total number of pairwise comparisons of attributes 27 71 39 

Number of pairwise comparisons of factors  5 10 5 

Total    81 44 

 

 Table 3.3 Lists other weighting methods employed to determine the weights of 

attributes in previous studies (Zardari et al., 2015).  
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Table 3.3 List of weighing methods used in other studies  

No. Author, year Techniques Weighting method Country 

1.  
Machiwal et al. 

(2011) 

AHP  Pairwise comparison, eigenvector 

method 

India 

2.  
Calizaya et al. 

(2010) 

AHP  Pairwise comparison Bolivia 

3.  
Kodikara et al. 

(2010) 

PROMETHEE PROMETHEE Australia 

4.  
Özcan et al. 

(2011) 

TOPSIS, 

ELECTRE, 

grey theory 

SIMOS procedure Turkey 

5.  
Tervonen et al. 

(2009) 

ELECTRE Tri, 

SMAA 

Tri 

SIMOS procedure Portugal, 

Finland 

6.  
Shanian et al. 

(2008) 

ELECTRE Tri Revised SIMOS procedure Material selection 

7.  
Chen and Zhang 

(2010) 

TOPSIS Pairwise comparison China 

8.  
Supriyasilp et al. 

(2009) 

AHP  Pairwise comparison Thailand  

9.  
Guo and Yu 

(2011) 

TOPSIS, AHP Pairwise comparison China 

10.  
Myllyviita et al. 

(2012) 

MADM ReCiPe LCI assessment method, 

SMART 

Finland 

11.  
Yeh and Chang 

(2009) 

Fuzzy group 

MCDM 

Pairwise comparison Australia, 

Taiwan 

12.  
Balasubramaniam 

et al. (2007)  

ELECTRE III, 

weighted 

summation 

SWING UK  

13.  
Hämäläinen and 

Alaja (2008) 

MCDM SWING Finland 

14.  
Morais and 

Almeida (2012) 

PROMETHEE 

II 

Ranking  Brazil  

15.  
Chang and Yeh 

(2001) 

MADM SAW, SP, TOPSIS Taiwan, 

Australia 

16.  
Arnette et al. 

(2010) 

VAHP Pairwise comparison USA  
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No. Author, year Techniques Weighting method Country 

17.  
Gallego-Ayala 

and Juízo (2011) 

AHP, A’WOT 

analysis 

Pairwise comparison Mozambique 

18.  
Chen et al. (2011) FMCDM, FAHP Pairwise comparison Taiwan  

19.  
Sorvari and Sep-pälä 

(2010) 

DST based on 

MAVT 

Ratio method, pairwise comparison Finland  

20.  
Wang et al. (2002) DSSDSS based 

on MAUT 

SMART Singapore 

21.  
Gómez-Limón 

et al. (2003) 

MAUF, EUT Additive utility function Spain 

22.  
Chowdhury and 

Rahman (2008) 

MCDA Weighted sum method  

23.  
Rezaei (2015) BWM Pairwise comparison  

(Original establishment of BWM) 

Netherland  

 

3.6.5 Testing and Validation of the maturity model  

After the CW3M model is developed, construction professionals in Cambodia and 

Thailand will be requested to assess its practical utility. An evaluation questionnaire, as 

suggested by  Asah-Kissiedu (2019), will be employed to validate the model and gather 

insights on its effectiveness in practical applications. This method is appropriate for 

evaluating and validating models (Adeniyi, 2017; Babatunde et al., 2016; Cheung, 

2009; Yeung, 2007). The questionnaire will consist of two sections, with the first 

gathering background details of the respondents.  

In the second section, participants will be asked to use the model and requested to 

evaluate the model using six criteria, namely the pertinence of attributes, inclusiveness 

of attributes, suitability, sufficiency of capability maturity levels, clarity, ease of 

utilization, and the degree of usefulness and practicality (Adeniyi, 2017; Asah-

Kissiedu, 2019; Cheung, 2009). The extent of satisfaction was assessed based on a five-

point Likert scale, in which experts were asked to select the relative score for each 

feedback aspect below to indicate your level of satisfaction, with 1 representing “Poor”, 

2 “Average”, 3 “Good”, 4 “Very Good”, and 5 “Excellent” (Cheung, 2009; Osei-Kyei 

et al., 2018). 
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3.7 Sample sizes  

3.7.1 The sample size for expert verification  

Razak Al-Ani et al. (2016) employed 11 experts in their verification process, and 

Hartono et al. (2014) used 30 experts to verify the empirically validated project risk 

maturity model in the construction industry. In the current study, 32 experts were 

employed in the expert verification process, slightly exceeding 30, which is generally 

considered adequate for attribute verification as the higher the better for the sample 

size.  

 

3.7.2 Sample size for factor analysis  

As of January 2024, the Board of Engineers of Cambodia (BEC) documented 

approximately 7,465 registered engineers (BEC, 2024), and the number of registered 

architects was approximately 1,546 as of November 2022, according to the Ministry of 

Land Management, Urban Planning and Construction (MLMUPC, 2023). This resulted 

in a combined total of registered engineers and architects in Cambodia 9,011. 

Simultaneously, Thailand’s Council of Engineers (CoE) reported approximately 

201,000 registered engineers as of January 2024 (CoE, 2024). Additionally, the number 

of registered architects in Thailand was approximately 3,000, according to The 

Association of Siamese Architects, as of January 2024 (ASA, 2024). The total number 

of registered professionals, encompassing engineers and architects in Thailand, reached 

approximately 204,000. Consequently, Cambodia’s and Thailand’s registered 

engineers reached approximately 213,011. 

According to Yamane (1973), the sample size is calculated as follows: 

 𝑛 =
𝑁

1+𝑁(ⅇ)2
 

Whereas,  

• n: Sample size  

• N: Population size 

• e: Margin of error or level of precision 
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In this study, the population size, N=213,011; margin of error, e= 5.8% or 

0.058(Lakens, 2022; Puisa et al., 2023), then the sample size can be calculated as below.  

 𝑛 =
213,011

1+213,011(0.058)2
 = 297.  

  

Williams et al. (2010) acknowledge the importance of sample size in factor analysis. 

Still, there is a lack of consensus and varying opinions, leading to several guiding rules 

of thumb. Hogarty et al. (2005) noted that these disparate recommendations on sample 

size have not been beneficial for researchers. Various general guidelines exist, such as 

Tabachnick's rule of thumb (Tabachnick et al., 2007), suggesting a minimum of 300 

cases for factor analysis. Hair et al. (2019) proposed that sample sizes should be 100 or 

greater. Williams et al. (2010) recommended sample sizes for Exploratory Factor 

Analysis (EFA) as follows: 100 as poor, 200 as fair, 300 as good, 500 as very good, and 

1000 or more as excellent. 

Hogarty et al. (2005); Williams et al. (2010) suggested the importance of guiding 

the sample-to-variable ratio, denoted as N:p ratio, where N represents the number of 

participants, and p represents the number of attributes. Disparate recommendations for 

sample-to-attribute ratios include 3:1, 6:1, 10:1, 15:1, or 20:1 (Williams et al., 2010). 

Despite these guidelines, studies by Hogarty et al. (2005) and MacCallum et al. (1999) 

testing these recommendations found no minimum N or N:p ratio level for achieving 

good factor recovery across examined conditions. 

In this study, the calculated sample size is 297, falling slightly below the 

recommended range of 300 or above, which is considered good. However, the 

respondents’ responses to our questionnaire were 304, which is deemed a suitable 

sample size for factor analysis, according to Williams et al. (2010). 

    

3.7.3 The sample size for weighing attributes in BWM  

According to Gupta et al. (2020), co-authored by Jafar Rezaei (an establisher of the 

BWM), eight experts were selected to interview in the pairwise comparison process, 

aiming to establish attribute weights related to “Barriers and overcoming strategies to 

supply chain sustainability innovation.” The study emphasized a minimum of five 
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responses for each attribute, deeming response counts of 5, 6, 7, and 8 as acceptable for 

their research topic. Pamučar et al. (2021) also interviewed four experts for attribute 

weight establishment in BWM for a “new original integrated multicriteria decision-

making model for healthcare waste management.” Almahdi et al. (2019) also applied 

BWM, with four experts participating in the pairwise comparison process. Based on the 

above input, the number of experts for the pairwise comparison process for BWM could 

be used within the range of four to eight. However, a larger number of experts would 

yield more accurate results. 

The optimum number of participants for a focus group may vary. Krueger (2014) 

suggests there should be between six and eight participants, as smaller groups show 

greater potential. However, Krueger (2014) added that the number generally indicated 

as being manageable is between six and ten participants, large enough to gain various 

perspectives and small enough not to become disorderly or fragmented. However, Tezel 

et al. (2021) applied focus group interviews to gather opinions from experts in three 

distinct groups to develop models for Supply Chain Management in Construction. 

These groups included (1) a contractor group comprising five experts, (2) an academia 

group with four experts, and (3) a client group with six experts. The number of experts 

in each focus group interview ranged from four to six. 

Regarding the selection of experts, Almahdi et al. (2019) chose experts with a 

minimum of five years of experience in the related field, Gupta et al. (2020) selected 

experts with at least 10 years of experience, holding at least a bachelor's degree, and 

occupying management-level positions for attributes weight establishment in BWM. 

Based on the references mentioned above, in our study, we plan to involve 10 

experts for the focus group interviews for pairwise comparison to establish attribute 

weights in BWM (Best Worst Method). It was divided into two focus group interviews: 

a Cambodia group with five experts and another with a Thailand group with five 

experts. To achieve better results, this study selected experts with a minimum of 10 

years of experience in building construction management, consistently involved in 

CWM. The experts hold at least bachelor’s degrees and be in management positions. 
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3.7.4 Sample size for testing and validation of maturity model 

According to Asah-Kissiedu et al. (2021b), they purposefully selected a panel of six 

experts to review and refine the developed maturity model. These experts held 

management positions in their respective fields, and the chosen panel size was 

considered appropriate. In addition, Cheung (2009) employed nine experts in 

management positions and researchers to validate a maturity model. Moreover, Adeniyi 

(2017) involved 10 experts in management positions to validate a maturity model. All 

these three studies involved sending the developed maturity models and questionnaires 

to experts for evaluation and validation. Their maturity models were related to 

construction management (Adeniyi, 2017; Asah-Kissiedu et al., 2021b; Cheung, 2009).  

In this study, after developing the maturity model (CW3M), experts from 16 

different contractors in Cambodia and Thailand were requested to use the model to test 

the model’s practical utility. An interview with each expert through a guidance 

questionnaire was conducted to gain feedback from them and gather insights on the 

model’s effectiveness in practical applications. All experts work in management 

positions, as executives or as owners of contractors, with 8 experts from Cambodia and 

8 experts from Thailand. This approach aims to ensure a comprehensive evaluation by 

professionals actively involved in the construction industry. To achieve better results, 

this study selected experts from contractors with a minimum of 10 years of experience 

in building construction management, consistently involved in CWM. The experts hold 

at least bachelor’s degrees and management positions (Asah-Kissiedu, 2019; Cheung, 

2009; Gupta et al., 2020). This approach aims to ensure a comprehensive evaluation by 

professionals involved in building construction management.  

 

3.8 Data analysis  

The quantitative analysis of the questionnaire survey data was conducted using 

multivariate statistical methods, which were selected to handle complicated datasets 

with several independent and dependent variables (Tabachnick et al., 2007). The 

analyses pursued three main goals: (1) using descriptive statistical analysis to 

understand the data better; (2) assessing the validity and reliability of the measurement 
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scale and identifying factors that underlie model constructs; and (3) evaluating and 

improving the model (Panuwatwanich, 2008). The first descriptive data analysis was 

carried out using the SPSS software (version 25) to get to know the data and ensure it 

satisfied the requirements for multivariate data analyses. To obtain a general 

understanding of respondents’ perceptions of each construct across the entire survey 

population and similar groups, this involved looking at respondent profiles, screening 

the data (evaluating normality, means, standard deviations, and standard error of the 

mean), and performing preliminary analyses of mean values (Field, 2013). The 

statistical techniques employed in the testing to compare the means between the groups 

were the student’s t-test (T-test), analysis of variance (ANOVA) or F-test. To compare 

the means of two groups, use the independent T-test; to compare the means of three or 

more groups, use the One-way ANOVA (F-test) (Cohen, 2013; Mishra et al., 2019; 

Zhou et al., 2017). Nevertheless, Welch's t-test and Welch's F-test were substituted due 

to variations in variances (Delacre et al., 2017; Erceg-Hurn et al., 2008; Karch, 2021; 

Vaccari et al., 2019). The measuring scale that was utilized in the questionnaire to 

capture the model construct was evaluated for validity and reliability after the 

descriptive analysis. Scale reliability, or the consistency of responses among scale 

items, was measured using Cronbach's alpha. Furthermore, to determine the degree to 

which a particular item contributed to the scale, “item-total correlations” were 

employed (Hair et al., 2019; Panuwatwanich, 2008). Apart from the reliability analysis, 

factor analysis was utilized to evaluate the validity of the measurement scale. Two 

consecutive procedures were employed for this purpose: (1) Exploratory Factor 

Analysis (EFA) and (2) Confirmatory Factor Analysis (CFA). EFA aimed to identify 

the quantity of components (Hair et al., 2019). Following CFA’s validation of these 

findings, the Best Word Method (BWM) for attribute weighing in the development of 

CW3M was further applied (Rezaei, 2015).  

This study followed the process outlined by Ikuabe et al. (2022), in which it 

involved conducting a survey questionnaire followed by descriptive analysis, 

examination of differences in means, exploratory factor analysis (EFA), and 

confirmatory factor analysis (CFA) for attribute grouping. Notably, this approach aligns 

with the methodology previously employed by Panuwatwanich (2008). 
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3.8.1 Descriptive data analysis  

Descriptive analysis was utilized to present the profiles of survey respondents, 

perform data screening (including checks for missing data, normality tests, outlier tests, 

and assessment of standard deviation), and present preliminary findings, aiming to 

identify statistical differences in sample means (Hair et al., 2019).  

Subsequently, a consistency test among the groups was conducted, employing 

Student’s t-test (T-test) and analysis of variance (ANOVA) or F-test for hypothesis 

testing on mean comparisons between groups. While T-test and F-test are commonly 

used for comparing means, they assume equal variances among groups, and sample 

sizes should be sufficient to ensure robust results (Cohen, 2013; Mishra et al., 2019; 

Zhou et al., 2017). Traditional T-test and F-test may not provide strong results in cases 

of heterogeneity of variances, which is non-parametric data. Welch’s Test was applied 

instead of the classical T-test or F-test to address this. Welch’s Test is a robust statistical 

method that accounts for different group variances, ensuring more reliable results 

(Delacre et al., 2019; Karch, 2021; Liu, 2015). The testing decision flow chart for 

comparing among groups is summarized as shown in Figure 3.5.  

 

Does each group have (roughly) normal 

distributed? 

(By Normality test)

Does each group have (roughly) the 

same variance? 

(By Levene’s test) 

Take 

classical F-Test (for more than 2 groups) 

or classical T-test (for 2 groups)

Take 

Welch’s F-Test (for more than 2 groups) 

and Welch’s T-test (for 2 groups)

Take 

Welch’s F-Test (for more than 2 groups) 

and Welch’s T-test (for 2 groups)

No Yes

YesNo

 

Figure 3.5 Testing decision flow chart for comparing groups 
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3.8.2 Reliability test  

When using a reliability test to assess internal consistency, a result of greater than 

0.7 for Chronbach's alpha is deemed sufficient (Cronbach, 1951). Additionally, the 

items-total correlation was examined to verify the items’ relationship. Items are 

considered inappropriate and are eliminated when the items-total correlation value is 

less than 0.3. 

 

3.8.3 Exploratory factor analysis  

In this investigation, exploratory factor analysis (EFA) was conducted using the 

approach described by Hair et al. (2019); Kim et al. (1978). EFA’s main objective is to 

minimize information loss while condensing data from a larger set of original attributes 

into a smaller set (factors). EFA provides an objective basis for summated scale creation 

by offering an empirical estimation of the structure of the investigated attributes (Hair 

et al., 2019; Thompson, 2004; Williams et al., 2010). EFA is a technique that validates 

expectations based on existing theory by identifying factors and factor loadings of 

measurable attributes (Thompson, 2004; Williams et al., 2010; Win, 2019).  

EFA has been used in many construction-related research. For example, Chan et al. 

(2019) classified these criteria from the viewpoints of affordable housing specialists 

worldwide by utilizing EFA to develop critical success criteria (CSC) for performance 

measurement in sustainable, affordable housing projects. Soewin et al. (2018) used 

EFA to discover elements influencing construction performance in Thailand to 

facilitate efficient performance development planning. Using EFA, Ajayi et al. (2017b) 

examined essential site management techniques for CW minimization, highlighting the 

significance of contractual provisions for waste reduction. Udawatta et al. (2015) used 

EFA to identify practical strategies for reducing waste production in building projects 

and developed 26 essential WM solutions. Chinda (2016) studied the critical variables 

influencing the choice of construction safety equipment in the Thai construction sector. 

The study confirmed six important variables: equipment design, safety-related policies, 

supplier agreements, assistance, personal characteristics, and cost-value considerations. 
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EFA analysis can be performed using a variety of software packages, including the 

Bio-Medical Data Package (BMDP), Statistical Analysis System (SAS), and Statistical 

Package for the Social Sciences (SPSS) (Field, 2013; Win, 2019). In this study, SPSS 

Version 27 was selected. 

 

3.8.4 Confirmatory factor analysis  

Confirmatory Factor Analysis (CFA), an advanced analytical technique judged 

more rigorous than exploratory methods like item-total correlation and EFA, was 

utilized in the study to assess construct validity and unidimensionality thoroughly 

(Bandalos et al., 2018; Gerbing et al., 1988). A factor structure that has already been 

constructed and the loadings that go along with it can be tested using CFA (Hair et al., 

2019; Kline, 2023). It allows testing a known dimensional structure in other 

populations, validating an existing structure, and improving an existing theoretical 

perspective (DiStefano et al., 2005). CFA was used to strengthen the preliminary factor 

structure derived from EFA based on extracted factors and loadings to refine further 

and reinforce the identified factor structures. This procedure assessed construct validity 

and unidimensionality by looking at model parameters and assessing how well the 

construct’s factor structure suited the data (Hair et al., 2019). According to Hair et al. 

(2019), the CFA model illustrated correlations showing how the measured qualities 

reflected a latent factor by treating the factor structure as a model. Like EFA, the CFA 

model specification required knowledge and specification of the number of factors and 

the relationships between attributes and factors before analysis (Hair et al., 2019). Using 

a multi-dimensional approach, the model assessment took into account several indices, 

including the Bentler comparative fit index (CFI), goodness-of-fit index (GFI), Satorra-

Bentler scaled chi-square (S–Bχ2), root mean square error of approximation (RMSEA), 

and goodness-of-fit index (GFI) (Ikuabe et al., 2022). The model fit indices threshold 

requirements for a good-fit model are shown in Table 3.4.  

 

 

 



76 

 

 

Table 3.4 Model fit indices threshold  

Fit indices  Threshold and references (recommended) 

Chi-square(χ2)  - 

Df - 

p-value - 

x2/Df < 3 (Hair et al., 2019; Kline, 2023) 

GFI > 0.8 (Cheng, 2011; Doll et al., 1994) 

TLI > 0.9 (Hoyle, 1995; Kline, 2023; Xia et al., 2019) 

CFI > 0.9 (Hoyle, 1995; Kline, 2023; Xia et al., 2019) 

IFI > 0.9 (Hoyle, 1995; Kline, 2023) 

NFI  > 0.8 (Bentler et al., 1980; Simon et al., 2010) 

RMSEA < 0.08 (Browne et al., 1992; Hair et al., 2019; Steiger, 1990; Xia et al., 2019) 

SRMR < 0.08 (Bagozzi et al., 2012; Hu et al., 1999) 

 

3.8.5 Best worst method  

In this study, the Best Worst Method (BWM) was employed to conduct pairwise 

comparisons to identify the relative importance of the attributes. According to Rezaei 

(2015), the steps to obtain the local weights of criteria (attributes) using the BWM are 

as follows: 

• Step 1: Determine a set of criteria, i.e., n criteria (attribute). In this study, the 

criteria consisted of 27 attributes under five factors derived from the 

Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA). 

• Step 2: Determine the “best” and the “worst” criteria from the set of criteria 

defined in Step 1. In this study, the best and worst criteria under each respective 

factor, as well as the best and worst factors among the five factors, were 

determined by each expert during the interview. 

• Step 3: Determine the preference of the “best” criterion over all the other 

criteria using a number between 1 and 9. In this study, the best criteria under 

each respective factor, as well as the best factors among the five factors, were 

determined by each expert during the interview. 

• Step 4: Determine the preference of all the other criteria over the “worst” 

criterion using a number between 1 and 9. In this study, the worst criteria under 

each respective factor, as well as the worst factors among the five factors, were 

determined by each expert during the interview.  

• Step 5: Find the local weights of each criterion. In this study, the local weights 

of each criterion and the local weights of each factor were obtained using the 

BWM Solvers (Rezaei, 2022). The BWM reference comparison is shown in 

Figure 3.6.  
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Note: aB: best attribute; aW: worst attribute; n: number of attributes 

Figure 3.6 BWM reference comparison  

Source(s): (Rezaei, 2015) 

 

To determine the global weights of the attributes, the local weights of the attributes 

under each factor were multiplied by the corresponding local weight of the factor (Chen 

et al., 2013; Haseli et al., 2020; Rezaei, 2015; Saaty, 2004). Global weight is the final 

weight of all attributes (Rezaei, 2015; Saaty, 2004). The sum of all weights should equal 

1. The global weights were then normalized to ensure the sum of all weights equals 1; 

these are standardized global weights (Chitsaz et al., 2017).  

The pairwise comparisons were conducted with input from 10 construction 

professionals with at least 10 years of building construction management experience 

and CWM involvement. The experts were drawn from two countries, with five from 

Cambodia and five from Thailand. All held at least a bachelor’s degree and occupied 

management positions. This approach aligns with recommendations from prior studies 

using the BWM for attribute weight establishment, which suggest utilizing 4 to 8 

experts, with a larger number yielding more accurate results. For example, Pamučar et 

al. (2021) interviewed four experts for attribute weight establishment in BWM for a 

“new original integrated multi-criteria decision-making model for healthcare WM,” 

while Gupta et al. (2020) employed eight experts for the pairwise comparison process 

to establish attribute weights related to “Barriers and overcoming strategies to supply 

chain sustainability innovation.” Moreover, Gupta et al. (2020) selected experts with at 

least 10 years of experience, holding at least a bachelor’s degree, and occupying 

management-level positions for attributes weight establishment in BWM. 

 

  



 

 

 

CHAPTER 4 

ATTRIBUTES IDENTIFICATION AND VERIFICATION  

4.1 Introduction  

A preliminary study was conducted to verify the list of final attributes and develop 

a maturity model to assess construction waste management. The list of attributes was 

extracted from the literature view and then done with frequency analysis to get a list of 

attributes. This list of attributes was then used to develop the expert verification 

questionnaire for the expert verification process.  

 

4.2 Identification of attributes   

The attributes for analysis were derived from a comprehensive literature review, 

followed by a frequency analysis. A literature review serves as a systematic strategy for 

collecting and synthesizing prior works that are more or less organized, fostering an in-

depth understanding of a specific research topic and laying a robust foundation for 

theory and knowledge development (Zhao et al., 2022). Only attributes identified in 

journal papers that ranked at least in the second quartile (Q2) were considered for 

analysis in this study. However, it is noteworthy that most of the journal papers 

reviewed fell within the first quartile (Q1) (Zhao et al., 2022). A rigorous screening 

process, including examination of titles, abstracts, and keywords, was undertaken from 

Google scholar, Scopus, Litmaps and others (Arief et al., 2023; Darko et al., 2017; Kaur 

et al., 2022; Normann et al., 2023), 63 journal articles which contained the list of 

attributes contributing to better CWM were identified and subsequently, attributes 

extraction was carried out based on 43 selected journal articles. The earliest publication 

was in 1996 by Bossink et al. (1996), while the most recent was in 2023 by Bao et al. 

(2023). The detailed list of attributes from the output of frequency analysis is shown in 

Table 4.1.  
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4.3 Frequency analysis  

The primary objective of this stage was to identify attributes contributing to better 

CWM in building construction, intending to minimize waste generation through 

prevention and reuse. A total of 43 articles were reviewed, yielding 92 potential 

attributes that underwent subsequent analysis using frequency analysis to identify the 

most common attributes. Attributes with a frequency of at least 86% were deemed 

acceptable(Soewin et al., 2020), while those with a frequency below 14% were 

excluded, except two attributes retained with a frequency of 13.3%. The remaining 53 

attributes were categorized into seven groups: Management and Leadership, 

Manpower, Policies and Strategies, Materials, Equipment and Tools, Construction 

Methods and Processes, and Documentation. Table 4.1 below provides a 

comprehensive overview of the analysis of various attributes contributing to better 

CWM. 

 

4.3.1 Management and leadership 

Management and Leadership emerged as the most extensively studied category, 

with 33 studies focusing on contractors' awareness of CWM impacts on sustainable 

construction. The studies underscored the significance of effective site management, 

precise on-site material control, and senior management’s behaviour and attitude 

toward CWM. Adequate supervision of waste management (WM) activities, clear 

instructions, effective coordination and communication among project stakeholders, 

work experience in CWM, and a waste minimization culture within the company were 

also identified as critical for effective CWM. 

 

4.3.2 Manpower 

Within the Manpower category, the most studied attribute (33 studies) was the 

training and education of engineers and workers on WM and its effectiveness, followed 

by the assignment of workers solely for waste minimization (17 studies). Other essential 
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attributes included skilled workers, workmanship, and the engagement of all 

stakeholders in CWM. 

 

4.3.3 Policies and Strategies 

The Policies and Strategies category emphasized the importance of establishing a 

strict CWM policy within the company, setting REDUCE and REUSE targets for each 

project, and developing an appropriate WM plan in the early stages of each construction 

project. Suggestions also included incorporating WM targets and responsibilities in 

contractual documents, providing financial rewards and incentives for waste reduction 

and reuse, and assessing contractors’ current CWM abilities and future targets. 

 

4.3.4 Materials 

In the Materials category, critical attributes for effective CWM included having 

central areas for cutting and storage, ensuring adequate protection during material 

transportation and handling, and protecting different categories of materials during 

storage and stacking. Additional recommendations focused on preventing errors, 

ordering appropriate material sizes and quantities to avoid excess, and using quality, 

durable, and standardized materials. 

 

4.3.5 Equipment/Tools 

Within the Equipment/Tool category, the study highlighted the importance of using 

and being familiar with Building Information Modeling (BIM) and other related 

information technologies. Other critical attributes included the availability and quality 

of equipment, familiarity with equipment use, and the use of metal scaffolding and 

formwork for effective CWM. 
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4.3.6 Construction method and processes 

In the Construction method and processes category, key attributes included 

ensuring adequate site space, maintaining a clear site layout for materials movement, 

setting up separate bins by waste type, and efficiently using materials to minimize 

uneconomical cutting shapes and lengths. Effective implementation of a WM plan, 

storing waste in easily accessible areas, and adopting prefabricated structural elements 

and preassembled components were also identified as necessary. 

 

4.3.7 Documentation 

Lastly, in the Documentation category, attributes critical to effective CWM 

included minimizing variation orders, controlling CWM documentation effectively, 

minimizing design changes during construction, preventing shop drawing detailing 

errors, and maintaining a lesson-learned repository on CWM. Professional quality 

management and certification, such as ISO and GREEN certifications, were also 

important. 

The comprehensive results highlighted the significance of various attributes in 

better CWM, spanning Management and Leadership, Manpower, Policies and 

Strategies, Materials, Equipment/Tools, Construction methods and processes, and 

Documentation. This study's stage findings offer valuable insights into the process of 

attribute verification as a part of the development of CW3M for contractors seeking to 

enhance their CWM practices in building construction. 
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1 Contractor's awareness of CW impacts on sustainable construction √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 33 73.3

2 Contractor's effective and efficient site management √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 29 64.4

3
Contractors' precise on-site material control (e.g., inspecting the materials 

when they arrive, etc.)
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 29 64.4

4 Senior management behavior and attitude on CWM √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 27 60.0

5 Contractor's adequate supervision on WM activities with clear instructions √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 25 55.6

6 Effective coordination and communication among project stakeholders √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 23 51.1

7
Contractor's work experience on CWM and waste-minimizing culture within 

the company
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 20 44.4

8 Contractor's action to reduce CW generation √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 19 42.2

9 Contractor's action to reuse CW √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 19 42.2

10 Contractor detailed study and well understanding of specifications and drawing √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 17 37.8

10 Contractor's on-time accurate quantification of material/ bill of quantity √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 17 37.8

11 Organization breakdown structure for CWM √ √ √ √ √ √ √ √ √ √ √ √ √ 13 28.9

12 Prevent site accidents √ √ √ √ √ √ √ √ √ √ 10 22.2

13 Monitor and audit waste management system periodically √ √ √ √ √ √ √ √ √ 10 22.2

14 Looking to get a support from the client (the project owner) √ √ √ √ √ √ √ 7 15.6

15 Effective training and education for the engineers and workers on WM √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 33 73.3

16 Workers are assigned solely for waste minimization √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 17 37.8

17 Skilled workers and workmanship √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 16 35.6

18 Engagement of all stakeholders in CWM √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 16 35.6

19
Establish a strict policy on CWM within the company (including the CWM 

system) 
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 34 75.6

20
REDUCE target for every project and maximize material reduction at the 

construction site 
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 29 64.4

21
REUSE target for every project and maximize material reuse at the 

construction site 
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 27 60.0

22
Establish an appropriate waste management plan in the earlier stage of each 

construction 
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 26 57.8

23
Contractual documents may include the responsibilities of sub-contractors on 

WM targets 
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 24 53.3

24 Financial rewards and incentives for effective decrease and reuse of waste √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 19 42.2

25 Contractor's current waste assessments score and future target √ √ √ √ √ √ √ √ √ √ √ √ 12 26.7
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Table  4.1  Result of frequency analysis of the contractor’s controlling attributes contribute to effective CWM in building construction
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26 Having central areas for cutting and storage √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 23 51.1

27
Adequate protection of material transportation and handling (loading and 

unloading) 
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 22 48.9

28
Adequate protection of different categories of materials during storage and 

stacking
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 18 40.0

29
Preventing from ordering errors and purchase appropriate material sizes and 

quantities to avoid excess
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 17 37.8

30 Use of quality and durable, and standardized materials √ √ √ √ √ √ √ √ √ √ √ √ √ √ 14 31.1

31 Adopt Just in Time delivery (JIT) system √ √ √ √ √ √ √ √ √ √ √ √ √ 13 28.9

32 Strong security at the project site (i.e., prevent theft and loss of materials) √ √ √ √ √ √ √ √ √ √ √ √ √ 14 31.1

33 Use and familiar with the application of BIM √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 22 48.9

34 Use and familiar with other related information technologies √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 21 46.7

35 Availability of quality of equipment (i.e., tools, machines, and vehicles) √ √ √ √ √ √ √ √ √ √ √ 11 24.4

36 Familiar with the equipment usage √ √ √ √ √ √ √ √ √ √ √ 11 24.4

37
Use of scaffolding and formwork that can be reused many times (e.g., metal, 

plastic etc.)
√ √ √ √ √ √ √ √ √ √ 10 22.2

38 Adequate site space and the site layout are cleared for materials movement √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 31 68.9

39 Set up separated bins according to the waste type and sort out waste at the site √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 27 60.0

40
Efficient use of materials and minimizing the uneconomical cutting shapes and 

length 
√ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 25 55.6

41 Effective implementation of a waste management plan √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 23 51.1

42 Store waste in easily accessible areas √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 23 51.1

43 Bins are installed on every floor √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 22 48.9

44 Adopt prefabricated structural elements √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 21 46.7

45 Adopt preassembled components such as bathroom & kitchen pods √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 21 46.7

46 Minimizing waste from application processes (i.e., overpreparation of mortar) √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 15 33.3

47 Minimizing rework at the construction site √ √ √ √ √ √ √ √ √ √ √ √ 12 26.7

48 Minimizing variation orders (VO) √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 15 33.3

49 Document control of CWM with effectiveness (amounts, kinds, etc.) √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ 15 33.3

50 Minimizing design changes during construction √ √ √ √ √ √ √ √ √ √ √ 11 24.4

51 Shop drawing detailing errors preventing √ √ √ √ √ √ √ 7 15.6

52 Professional quality management and certification (e.g., ISO, GREEN, etc.) √ √ √ √ √ √ 6 13.3

53 Lesson learned repository on CWM  √ √ √ √ √ √ 6 13.3

54 TOTAL 37 35 34 34 34 33 33 32 32 31 29 29 29 28 27 26 25 25 24 24 23 23 22 22 21 21 20 20 19 19 18 18 17 17 17 17 17 15 14 14 12 11 10
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Table  4.1  Result of frequency analysis of the contractor’s controlling attributes contribute to effective CWM in building construction
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In summary, a comprehensive review of 43 articles was conducted to ascertain the 

attributes pertinent to contractors contributing to effective CWM) in building 

construction. All attributes were identified through a subsequent analysis and 

synthesized into seven distinct categories: i. Management and Leadership (14 

attributes), ii. Manpower (4 attributes), iii. Policies and Strategies (7 attributes), iv. 

Materials (7 attributes), v. Equipment and tools (5 attributes), vi. Construction method 

and processes (10 attributes), and vii. Documentation (6 attributes). This stage 

contributes to the literature on CWM in building construction by delineating critical 

attributes that contractors need to consider to achieve better CWM. In future studies, 

these attributes will undergo further analysis and serve as key components in 

developing a maturity model. This model aims to assist contractors in assessing their 

CWM practices in building construction, providing a framework for evaluating 

performance and identifying areas for improvement. Ultimately, the development and 

utilization of such a model are anticipated to enhance CWM practices within the 

construction industry. 

 

4.4 Expert verification of attributes  

Expert verification was considered a crucial step before the development of the 

maturity model, as it was necessary to finalize the right attributes list for further 

development of the maturity model. To this end, a questionnaire was formulated, 

utilizing the attributes list derived from the frequency analysis results. The 

questionnaire was initially developed in English and subsequently translated into 

Khmer (Cambodian) and Thai languages. 

 

4.4.1 Respondents sampling  

The verification exercise aimed: (a) to ensure that the identified capability attributes 

were appropriate and comprehensive enough to be included in developing the CW3M 

model and (b) to identify any additional capability attributes that may have been 

overlooked. A group of experts was carefully selected based on specific criteria, as 
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guided by Asah-Kissiedu et al. (2021b). These criteria included at least five years of 

professional experience in the construction industry, work experience should be 

involved in CWM, an advanced degree in Construction Management or a related field 

(at least a bachelor’s degree), an affiliation with a professional body, and academic 

research experience in construction management in Cambodia and Thailand. The 

selected experts possessed relevant experience and expertise in CWM, particularly in 

Cambodia and Thailand. A total of 55 experts were selected and engaged in the 

verification process through interviews and questionnaires. The respondents were given 

19 days to respond, and 32 responses were received, which was considered sufficient 

based on the study of Asah-Kissiedu et al. (2021b), with 9 responses (experts). The 

results of the verification exercise are presented in the Table Table 4.2, confirming the 

relevance and comprehensiveness of the capability attributes for effective CWM. 

 

4.4.2 Preliminary questionnaire development  

After performing a frequency analysis, a preliminary questionnaire consisting of 56 

attributes was developed. The questionnaire was designed to elicit responses from 

experts in the field, using a 5-point Likert scale to indicate their level of agreement. The 

scale ranged from 1, representing “strongly disagree,” to 5, representing “strongly 

agree”.  

A pilot test was conducted to ensure the questionnaire’s effectiveness, and it 

involved five Ph.D researchers specializing in construction management and related 

fields. During this process, specific questions were refined for better clarity and 

understanding. The final preliminary questionnaire made during the pilot test are shown 

in APPENDIX 1.  

 

4.4.3 Preliminary data collection  

A preliminary data collection was conducted between 11th and 30th March 2023 to 

elicit insights from experts in Cambodia and Thailand. Of the 55 experts approached to 

participate in the questionnaire, 32 experts provided their responses. This data 
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collection process was carried out through two distinct methods. The first method 

involved utilizing a questionnaire as a guide for conducting online interviews with eight 

experts via platforms such as Zoom and Google Meet. The second method entailed an 

online questionnaire survey with 24 experts.  

 

4.4.4 Preliminary data analysis   

The preliminary data analysis was done with the data screening, then analysis using 

the mean value of 3.5, and then the item-total correlation was conducted using SPSS 

version 25.  

 

4.4.4.1 Demographic of experts  

The results of the experts’ demographic are shown in Figure 4.1 to Figure 4.9 

below.  

 

 

Figure 4.1 Countries 

 

Cambodia, 

53.1%Thailand , 

46.9%
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Figure 4.2 Positions 

 

 

Figure 4.3 Level of education 

 

 

Project manager/ 

construction manager 

(PM/CM), 40.6%

Technical director/ 

manager , 9.4%
Project management officer 

(PMO), 3.1%

Lecturer and 

researcher in CM , 

15.6%

CEO/ Chairman/ 

Owner of 

companies 

(contractor/ 

consultant), 

9.4%

Senior engineers, 

15.6%

Procurement 

engineers, 3.1%

QS manager , 

3.1%

Bachelor (civil enigneering), 

9.4%

Master (9 in CM and 12 in civil 

engineering), 65.6%

PhD (7 in CM, and 1 in civil 

engineering), 25.0%
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Figure 4.4 Years of experience in the construction industry 

 

 

Figure 4.5 Years of experience working as contractor(s) 

  

Below 5, 9.4%

5-10, 46.9%

11-20, 31.3%

21-30, 6.3%

Over 30, 6.3%

Below 5, 34.4%

5-10, 40.6%

11-20, 21.9%

21-30, 0.0%

Over 30, 3.1%
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Figure 4.6 Years of experience related to CWM 

 

 

Figure 4.7 Area(s) of expertise 

Below 5, 59.4%

5-10, 34.4%

11-20, 6.3%
21-30, 0.0% Over 30, 0.0%

Construction management 

profession , 75.0%

Construction 

management academic , 

15.6%

Other (QS, cost estimator, 

designer), 9.4%
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Figure 4.8 Professional qualifications/affiliations 

 

 

Figure 4.9 Current organization 

 

Professional engineer 

(PE), 43.8%

Member of 

BEC/CoE, 37.5%

PMP, ACEP, 

APEC Engr, 

Senior PE , 

3.1%

TREE-A, 3.1%
None, 12.5%

Contractor, 

37.5%

Consultant (project 

management), 37.5%

University/ Academic 

Institution , 

15.6%

Other (Developer/ owner, 

government), 9.4%
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4.4.4.2 Internal consistency test  

Internal consistency refers to the extent of uniformity in responses across items 

(attributes) within a single measurement scale. A common measure for assessing 

internal consistency, Cronbach's alpha coefficient estimates the correlation among 

items and their true scores (Abu-Reishah et al., 2023; Panuwatwanich, 2008; Win, 

2019). Taber (2018) categorizes Cronbach's alpha coefficients as excellent if above 

0.90, very good if above 0.80, and adequate if above 0.70. Additionally, Hair et al. 

(2019); Wang et al. (2017) suggest that values between 0.60 and 0.70 are at the lower 

limit of acceptability, with a generally agreed-upon lower limit for Cronbach's alpha 

being 0.70 (Park et al., 2020). 

In this study, all 56 attributes, with 32 responses, underwent simultaneous checks 

for internal consistency. The resulting Cronbach's alpha value was 0.925, surpassing 

the threshold of 0.90, indicating excellent internal consistency. 

 

4.4.4.3 Item-total correlation  

The item-total correlation denotes the correlation between an attribute and the 

composite score formed by all attributes constituting the measure of the construct. 

When all attributes share a common core representing the same construct, the scores of 

individual attributes and the entire construct should exhibit a high correlation (Omani-

Samani et al., 2018; Wang et al., 2017). In SPSS, the corrected value of the item-total 

correlation is considered. According to Park et al. (2020) (Pett et al., 2003), a correlated 

item-total correlation value below 0.30 suggests that the attribute measures something 

distinct from the overall construct and is recommended for deletion. The results of item-

total correlations, as presented in Table 4.2, indicate the removal of 13 attributes, as 

they exhibited item-total correlations below 0.30. Additionally, one attribute was 

deemed ineffective in measuring better CWM. Therefore, 43 attributes were retained 

within the construct, with corrected item-total correlations ranging from 0.320 (attribute 

no. 2.23) to 0.797 (attribute no. 2.37). All attributes demonstrated item-total 

correlations greater than 0.30 (Pett et al., 2003). Furthermore, the alpha coefficient for 

all these attributes was relatively high (0.961). Thus, the dataset retained 43 attributes 

for the subsequent processes (Park et al., 2020). 
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Table 4.2 Item-total correlations of all attributes contributing to better CWM 

Attributes: Description  Mean 

Corrected 

Item-Total 

Correlation 

Cronbach’s 

Alpha if 

Item 

Deleted 

2.1. Awareness of the impact of construction waste (CW) on 

sustainable construction  
4.31 0.114* 0.926 

2.2. Effective and efficient site management  4.44 0.478 0.923 

2.3. Effective coordination and communication with project 

stakeholders 
4.28 0.366 0.924 

2.4. Senior management's commitment to implementing waste 

management (WM) practices 
4.28 0.362 0.924 

2.5. Implementing an effective organizational structure for WM 4.09 0.409 0.924 

2.6. Supervision of WM activities with clear instructions 4.28 0.435 0.923 

2.7. Effective implementation of the WM plan 4.31 0.464 0.923 

2.8. Action to reduce CW generation 4.25 0.152* 0.926 

2.9. Action to reuse CW 4.06 0.101* 0.926 

2.10. Work experience on CWM and waste-minimizing culture 

within the company 
4.34 0.075* 0.926 

2.11. Monitoring and auditing waste management systems 

periodically 
4.47 0.430 0.924 

2.12. Ensuring the participation of all stakeholders in WM 

activities 
4.31 0.297* 0.924 

2.13. Ability to integrate CWM into the CWM assessment  3.84 0.537* 0.923 

2.14. Effective training for the engineers and workers on WM 4.44 0.223* 0.925 

2.15. Tasking workers with the exclusive responsibility of waste 

minimization 
4.13 0.286* 0.925 

2.16. Having a sufficient number of skilled workers in every 

project  
4.03 0.324 0.924 

2.17. Quality of construction workmanship  3.88 0.285* 0.925 

2.18. Establishing a strict policy on CWM within the company 

(including the CWM system)  
4.47 0.433 0.923 

2.19. Establishing an appropriate waste management plan in the 

earlier stage of each construction project  
4.28 0.429 0.923 

2.20. Setting waste reduction targets for every project by 

maximizing the reduction of materials usage (e.g., normally 

contractor added 15% for waste generation, and now they need 

only 10% additionally) 

4.25 0.422 0.924 

2.21. Setting waste reuse target for every project by maximizing 

the reuse of materials 
4.13 0.122* 0.926 

2.22. Including subcontractor responsibilities for WM targets in 

the contract 
4.03 0.507 0.923 

2.23. Offering incentives for waste minimization efforts to the 

project team (e.g., money, certificate) 
3.97 0.310 0.924 

2.24. Seeking and receiving client support on WM  3.91 0.156* 0.925 

2.25. Preventing site accidents (fire) 4.25 0.314 0.925 

2.26. Preventing ordering errors and purchasing appropriate 

material sizes and quantities  
4.34 0.462 0.923 

2.27. On-time and accurate quantification of materials/bills of 

quantities 
4.31 0.433 0.923 

2.28. Use of quality, durable, and standardized materials 4.25 0.442 0.923 
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Attributes: Description  Mean 

Corrected 

Item-Total 

Correlation 

Cronbach’s 

Alpha if 

Item 

Deleted 

2.29. Adopt Just in Time (JIT) delivery system  3.94 0.420 0.924 

2.30. Adequate protection of material transportation and handling 

(loading and unloading) 
4.25 0.491 0.923 

2.31. Precise on-site material control (e.g., inspecting the 

materials when they arrive, etc.) 
4.34 0.447 0.923 

2.32. Having central areas for cutting and storage of materials  4.00 0.296* 0.925 

2.33. Adequate protection of different categories of materials 

during storing and stacking 
4.13 0.555 0.923 

2.34. Strong security at the project site (i.e., prevent theft and 

loss of materials) 
4.16 0.535 0.923 

2.35. Ensure the availability of equipment required for every 

project (i.e., tools, machines, and vehicles) 
4.22 0.731 0.921 

2.36. Ensure the quality of all equipment to be used in every 

project  
4.06 0.580 0.922 

2.37. Be familiar with the usage of all equipment  4.22 0.797 0.921 

2.38. Utilize scaffolding and formwork that can be reused many 

times (e.g., metal, plastic, etc.) 
4.31 0.543 0.923 

2.39. Utilize BIM for the project and be familiar with its 

application 
4.06 0.378 0.924 

2.40. Utilize other related information technologies for the 

project and be familiar with their application 
3.97 0.461 0.923 

2.41. Adequate site space and the site layout are cleared for 

materials movement 
4.06 0.581 0.922 

2.42. Adopt prefabricated structural elements (e.g., precast slab) 3.81 0.250* 0.925 

2.43. Adopt preassembled components such as bathroom and 

kitchen pods 
3.72 0.383 0.924 

2.44. Efficient use of materials and minimizing the uneconomical 

cutting shapes and length  
4.28 0.464 0.923 

2.45. Minimizing waste from application processes (e.g., 

overpreparation of mortar) 
4.25 0.484 0.923 

2.46. Minimizing rework at the construction site 4.41 0.430 0.923 

2.47. Bins are installed on every floor 3.81 0.504 0.923 

2.48. Set up separated bins according to the waste type and sort 

out waste at the site  
4.31 0.447 0.923 

2.49. Store waste in easily accessible areas 4.13 0.539 0.923 

2.50. Effective document control of CWM (amounts, kinds, etc.) 4.13 0.451 0.924 

2.51. Detailed study and thorough understanding of 

specifications and drawings 
4.25 0.625 0.922 

2.52. Professional quality management and certification (e.g., 

ISO, GREEN, etc.) 
4.06 0.387 0.924 

2.53. Lessons learned repository on CWM 4.13 0.639 0.922 

2.54. Preventing shop drawing detailing errors  4.13 0.518 0.923 

2.55. Minimizing design changes during construction  4.03 0.451 0.923 

2.56. Minimizing variation orders (VO)  3.72 0.532 0.923 

Note: *Items were removed as Item-total correlation < 0.3 or they are not influencing on CWM 
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4.4.5 Results of verified attributes 

The verified attributes retained from the internal consistency and items-total 

correlation are shown in the following Table 4.3. 

 

Table 4.3 Verified attributes contributing to better CWM 

Attributes: Description  Mean 

Corrected 

Item-Total 

Correlation 

Cronbach's 

Alpha if 

Item 

Deleted 

2.2. Effective and efficient site management  4.44 0.478 0.923 

2.3. Effective coordination and communication with project 

stakeholders 
4.28 0.366 0.924 

2.4. Senior management's commitment to implementing waste 

management (WM) practices 
4.28 0.362 0.924 

2.5. Implementing an effective organizational structure for WM 4.09 0.409 0.924 

2.6. Supervision of WM activities with clear instructions 4.28 0.435 0.923 

2.7. Effective implementation of the WM plan 4.31 0.464 0.923 

2.11. Monitoring and auditing waste management systems 

periodically 
4.47 0.430 0.924 

2.16. Having a sufficient number of skilled workers in every 

project  
4.03 0.324 0.924 

2.18. Establishing a strict policy on CWM within the company 

(including the CWM system)  
4.47 0.433 0.923 

2.19. Establishing an appropriate waste management plan in 

the earlier stage of each construction project  
4.28 0.429 0.923 

2.20. Setting waste reduction targets for every project by 

maximizing the reduction of materials usage (e.g., normally 

contractor added 15% for waste generation, and now they need 

only 10% additionally) 

4.25 0.422 0.924 

2.22. Including subcontractor responsibilities for WM targets 

in the contract 
4.03 0.507 0.923 

2.23. Offering incentives for waste minimization efforts to the 

project team (e.g., money, certificate) 
3.97 0.310 0.924 

2.25. Preventing site accidents (fire) 4.25 0.314 0.925 

2.26. Preventing from ordering errors and purchasing 

appropriate material sizes and quantities  
4.34 0.462 0.923 

2.27. On-time and accurate quantification of materials/bills of 

quantities 
4.31 0.433 0.923 

2.28. Use of quality, durable, and standardized materials 4.25 0.442 0.923 

2.29. Adopt Just in Time (JIT) delivery system 3.94 0.420 0.924 

2.30. Adequate protection of material transportation and 

handling (loading and unloading) 
4.25 0.491 0.923 

2.31. Precise on-site material control (e.g., inspecting the 

materials when they arrive, etc.) 
4.34 0.447 0.923 

2.33. Adequate protection of different categories of materials 

during storing and stacking 
4.13 0.555 0.923 
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Attributes: Description  Mean 

Corrected 

Item-Total 

Correlation 

Cronbach's 

Alpha if 

Item 

Deleted 

2.34. Strong security at the project site (i.e., prevent theft and 

loss of materials) 
4.16 0.535 0.923 

2.35. Ensure the availability of equipment required for every 

project (i.e., tools, machines, and vehicles) 
4.22 0.731 0.921 

2.36. Ensure the quality of all equipment to be used in every 

project  
4.06 0.580 0.922 

2.37. Be familiar with the usage of all equipment  4.22 0.797 0.921 

2.38. Utilize scaffolding and formwork that can be reused 

many times (e.g., metal, plastic, etc.) 
4.31 0.543 0.923 

2.39. Utilize BIM for the project and be familiar with its 

application 
4.06 0.378 0.924 

2.40. Utilize other related information technologies for the 

project and be familiar with their application 
3.97 0.461 0.923 

2.41. Adequate site space and the site layout are cleared for 

materials movement 
4.06 0.581 0.922 

2.43. Adopt preassembled components such as bathroom and 

kitchen pods 
3.72 0.383 0.924 

2.44. Efficient use of materials and minimizing the 

uneconomical cutting shapes and length  
4.28 0.464 0.923 

2.45. Minimizing waste from application processes (e.g., 

overpreparation of mortar) 
4.25 0.484 0.923 

2.46. Minimizing rework at the construction site 4.41 0.430 0.923 

2.47. Bins are installed on every floor 3.81 0.504 0.923 

2.48. Set up separated bins according to the waste type and 

sort out waste at the site  
4.31 0.447 0.923 

2.49. Store waste in easily accessible areas 4.13 0.539 0.923 

2.50. Effective document control of CWM (amounts, kinds, etc.) 4.13 0.451 0.924 

2.51. Detailed study and thorough understanding of 

specifications and drawings 
4.25 0.625 0.922 

2.52. Professional quality management and certification (e.g., 

ISO, GREEN, etc.) 
4.06 0.387 0.924 

2.53. Lessons learned repository on CWM 4.13 0.639 0.922 

2.54. Preventing shop drawing detailing errors  4.13 0.518 0.923 

2.55. Minimizing design changes during construction  4.03 0.451 0.923 

2.56. Minimizing variation orders (VO)  3.72 0.532 0.923 

 

4.5 Conclusion of expert verification process  

Out of the total of 56 attributes put for expert verification, 13 attributes were 

removed and retained, with a total of 43 attributes for further study process.  After this 

preliminary study, the next phase was the Surveying and Factor analysis. To do so, the 
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questionnaire for further data collection was developed in English and then translated 

into Khmer (Cambodian) and Thai. The respondents of 304 construction management 

professionals were involved and answered the survey questionnaire via an online 

platform. The responses were analyzed as shown in subsequence sections.    



 

 

 

CHAPTER 5 

DESCRIPTIVE ANALYSIS  

 

5.1 Introduction  

With a focus on a descriptive analysis of the survey data, this chapter describes the 

quantitative portion of the study. This study’s main goal was to verify the data’s basic 

qualities and ensure it was suitable for the later statistical methods used throughout the 

analysis phases. Section 5.2 commences with details about the questionnaire survey and 

profiling of the respondents. Subsequently, Section 5.3 detailed the techniques and 

outcomes of data screening, encompassing aspects such as missing data analysis, 

assessment of normality test, outlier screening, and assessment of standard deviations 

and standard errors of the mean. Section 5.4 follows, providing an interpretation of the 

preliminary findings derived from the mean values of each measured attribute. Lastly, 

Section 1.1.1 detailed the consistency test conducted among the groups of respondents. 

 

5.2 Questionnaire survey and respondent profiles 

5.2.1 Questionnaire survey  

From August 19th to September 2nd, 2023, a questionnaire survey was administered 

in Cambodia and Thailand. Survey packages, which included a cover letter elucidating 

the survey’s objectives, Part 1 for gathering background information, and Part 2 for 

rating the effect level of attributes on the improved performance of construction waste 

management, were distributed to 711 individual construction professionals. Among 

these, 506 individuals were sent via online plateforms including Facebook Messenger, 

Line, and Telegram. Additionally, survey packages were forwarded to construction 

professionals in public groups such as the Project Management Institute Thailand 

Chapter (250 members via email) and the Cambodian Society of Civil Engineers (1,388 

members in Telegram). Of the questionnaires dispatched, 304 were fully returned, 

resulting in a response rate of 42.75 percent, a level considered satisfactory for research 
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in the construction industry (Hardie et al., 2005; Panuwatwanich, 2008). Generally, 

responses ranging from 20% to 30% are deemed acceptable for surveys, with rates 

exceeding 30% considered good (Alreck et al., 1995; Fowler Jr, 2013). The subsequent 

section offers a comprehensive overview of the profiles of the survey respondents. 

 

5.2.2 Demographic of respondents 

The respondents’ demographic analysis aimed to evaluate how well the sample 

represented the larger survey population. The following criteria were used to classify 

the respondents categorically: 

• The country in which the company is located in, i.e., Cambodia or Thailand  

• Respondent’s position in the company  

• Level of education  

• Years of experience in the construction industry  

• Years of experience working as a contractor(s) 

• Years of experience related to CWM 

• Area(s) of expertise 

• Professional qualifications/affiliations 

• Current organization type, i.e., Contractor, consultant (Project management), 

Academia or other 

 

The total responses are 304, with 196 (64.5%) working in Cambodia and 108 

(35.5%) working in Thailand. The demographics results are shown in Figure 5.1 to 

Figure 5.2 bellow.  
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Figure 5.1 Country 

 

 

 

Figure 5.2 Position in company 

 

Cambodia, 67.9%

Thailand , 32.1%

Owner/ Executive  , 15.8%

Project Manager 

(PM)  , 15.8%

Senior staff , 32.5%

Staff , 35.8%
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Figure 5.3 Professional role in company 

 

 

Figure 5.4 Level of education 

 

Engineer, 86.2%

Architect , 7.2%

Other , 6.6%

Vocational training/diploma 

or lower , 1.3%

Bachelor's degree 

, 55.3%

Master's degree or 

higher , 43.4%
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Figure 5.5 Years of experience in the construction industry 

 

 

Figure 5.6 Years of experience working as contractor(s) 

 

Below 5 , 22.6%

5-10, 42.3%

11-20, 25.3%

21-30, 4.5%
Over 30, 5.3%

Below 5 , 

53.6%

5-10, 32.2%

11-20, 11.8%
21-30, 1.3%

Over 30, 1.0%
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Figure 5.7 Years of experience working in building construction Project(s) 

 

 

Figure 5.8 Involvement in CWM in building construction project(s) 

Below 5 , 46.4%

5-10, 34.5%

11-20, 14.5%

21-30, 3.0%
Over 30, 1.6%

Never, 13.5%

Rarely , 16.8%

Sometimes , 

34.2%

Often, 24.3%

Always  , 11.2%
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Figure 5.9 Professional qualification(s) 

 

5.3 Screening of data  

5.3.1 Missing data analysis  

Missing observations are a typical occurrence in datasets from different data 

collection procedures. A smaller sample size can be used for analysis as a practical 

result of eliminating missing data (Hair et al., 2019). For instance, as a primary solution 

to address incomplete datasets, attributes with missing data are often excluded from the 

analysis, leading to a decrease in the sample size. This reduction may cause the sample 

to be inadequate for many statistical analyses, particularly those involving multivariate 

techniques (Hair et al., 2019). 

This current study conducted the survey online using a questionnaire developed 

through the licensed platform “https://shout.com”. The questionnaire design ensured 

that each question was mandatory for respondents to answer, thus enabling progression 

to subsequent sections and the questionnaire submission. Due to this structure, 

incomplete responses were impossible, as respondents were required to answer all 
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questions before submission. To make sure, the frequency analysis through SPSS 

version 27 was also done, and it showed there is zero missing data among all 304 

responses, as shown Table 5.1.  

 

5.3.2 Assessment of normality  

The statistical methods used in this study were based on the assumption of 

normality; hence, verifying normality was an essential step. There are two sorts of 

normality: multivariate and univariate. Multivariate normality refers to a normal joint 

distribution of many attributes, whereas univariate normality is the degree to which the 

data distribution of one attribute follows a normal distribution (Hair et al., 2019; West 

et al., 1995). In order to do an initial assessment and provide an illustration of the data 

distribution for each attribute, this section explores univariate normality, which serves 

as justification for the application of particular statistical analysis techniques. 

“Kurtosis” and “skewness” are frequently used by researchers as key markers of 

normality (Tabachnick et al., 2007). According to Hair et al. (2019), kurtosis determines 

how peaked a distribution is, whereas skewness quantifies symmetry. Comparatively 

few large values are indicated by a positively skewed distribution’s tail pointing to the 

right, whereas comparatively few small values are indicated by a negatively skewed 

distribution's tail going off to the left (Hair et al., 2019). Skewness and kurtosis readings 

should preferably fall within ±2.00 to validate data regularity (Garson, 2012). SPSS 

version 27 was used to test the total normality of 304 datasets. All datasets had 

skewness and kurtosis values within acceptable ranges, according to the analysis results 

shown in Table 5.1, confirming the univariate normal distribution of the gathered data. 

 

5.3.3 Outliers test   

Outliers are cases with scores that considerably differ from the rest of the data in 

statistical analysis. Finding outliers in the data is essential because they might bias the 

mean and inflate the standard deviation (Hair et al., 2019). Outliers are defined as cases 

with scores greater than three standard deviations above the mean, according to Huck 



105 

 

 

et al. (1974); Kline (2023). The scores for each of the 43 attributes across all cases in 

the current study were transformed into standardized z-scores to identify extreme 

deviations. Outliers were defined as cases with an absolute z-score (│z│) higher than 

3.29, equal to three standard deviations at p < 0.01. Additionally, according to Field 

(2013), there shouldn’t be more than 1% of outliers for every given attribute. 

There were outliers in the dataset for six attributes in this study, as shown by cases with 

absolute z-scores higher than 3.29 (Table 5.1). These outliers ranged in percentage 

from 0.33 to 0.99 percent but stayed below the permissible one percent threshold. The 

difference between the mean and the “5% trimmed mean” of each attribute was looked 

at to ensure outliers did not significantly corrupt the data, especially in biasing the 

means. The cases that score in the top and bottom five percent are subtracted to end up 

at the 5% trimmed mean. Traditionally, potential problems resulting from outliers are 

indicated by a significant difference (> 0.20) between the mean and the 5% trimmed 

mean (Tabachnick et al., 2007). The computed mean differences (∆Mean) in the dataset 

ranged from 0.02 to 0.09 (Table 5.1). These findings imply that the dataset was not 

affected negatively by the outliers that were found. As a result, all 304 cases were kept 

for further analysis. 

 

5.3.4 Assessment of standard deviations and mean standard errors 

In statistical analysis, the standard error of the mean (SE) offers information about 

how well a specific sample represents the population, while the standard deviation (SD) 

is utilized to indicate how well the mean represents the observed data. A high standard 

deviation (SD) implies that the scores are not closely distributed around the mean, 

suggesting that the mean may not accurately represent the data (Field, 2013). A small 

standard deviation, on the other hand, denotes a smaller variation of data points around 

the mean, leading to a more precise representation of the data. A large SE indicates 

significant variation between the means of multiple samples, implying that the sample 

is less representative of the population. The SE expresses the variability of the sample 

mean. On the other hand, a small SE suggests that most sample means closely 

correspond to the population mean, indicating that the population is accurately 
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represented. All of this study's attributes had minor SD values, and the SE values were 

moderate in relation to the means (Table 5.1). Thus, it makes sense to conclude that the 

mean values for each attribute in the dataset can be regarded as representative scores. 

The low SE values imply that the study's sample sufficiently represented the general 

population. 

 

5.4 Preliminary findings in Phase 2 

All attributes had standard deviation values that were not very high, as was 

mentioned in the section above. It was decided that the mean values adequately 

represented the collective reaction for each attribute. The assessment and interpretation 

of the mean values for each of the 43 attributes which were calculated using the entire 

sample, are the main topics of this section Table 5.1 shows an overview of the mean 

values. The five-point Likert scale response format, with a score of five (5) representing 

the highest rating and a score of one (1) representing the lowest rating for all 

questionnaire items (attributes), was used to interpret these mean values.  
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Table  5.1  Descriptive statistics of the attributes contributing to better CWM  
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5.4.1 Level of management and leadership (Attributes A1-A7) 

The “management and leadership” attributes had mean values that ranged from 3.70 

to 4.08 (Table 5.1), above the medium level of 3.00. This suggests a positive correlation 

between the attributes, which are the key attributes for better construction waste 

management (CWM) performance in building projects. The maximum mean score 

under this key attribute is 4.08 for A1: Effective site management and the minimum 

mean score is 3.70 for A7: Monitoring and auditing waste management systems 

periodically. 

• A1: Effective Site Management (Mean: 4.08), respondents express a high level of 

agreement with the effectiveness of site management practices, as evidenced by the 

mean score of 4.08. This suggests a consensus among participants regarding the 

pivotal role of efficient site management in optimizing construction waste 

processes. The high rating implies that respondents perceive effective site 

management as a cornerstone for successful waste management implementation. 

• A2: Effective Communication with All Stakeholders (Mean: 4.02), the mean score 

of 4.02 indicates a strong endorsement of the importance of effective 

communication with all stakeholders. Respondents recognize the significance of 

precise and efficient communication channels in facilitating successful CWM 

practices.  

• A3: Senior Management's Commitment to Implementing WM Practices (Mean: 

3.96), with a mean score of 3.96, respondents acknowledge the importance of senior 

management's commitment to implementing CWM practices. This rating suggests 

that participants perceive strong leadership support as vital in driving successful 

CWM initiatives within construction projects. 

• A4: Implementing an Effective Organizational Structure for WM (Mean: 3.85), the 

mean score of 3.85 reflects a positive evaluation of the role of an effective 

organizational structure in waste management. Respondents recognize the 

organizational framework as an essential component in optimizing CWM 

processes, albeit with a slightly lower endorsement than other attributes in this 

category. 
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• A5: Supervision of WM Activities with Clear Instructions (Mean: 3.97), the mean 

score of 3.97 indicates a favourable perception of the role of supervision with clear 

instructions in WM activities. Respondents recognize the importance of oversight 

and clarity in instructions as crucial elements contributing to the effectiveness of 

WM practices on construction sites. 

• A6: Properly Following a WM Plan (Mean: 4.01), with a mean score of 4.01, 

respondents emphasize the importance of adhering to a CWM. This high rating 

suggests a shared belief in the positive impact of structured WM plans and the need 

for consistent adherence to such plans for optimal outcomes. 

• A7: Monitoring and Auditing Waste Management Systems Periodically (Mean: 

3.70), with a mean score of 3.70, respondents acknowledge the importance of 

periodic monitoring and auditing of waste management systems. While this rating 

indicates a moderate endorsement, it suggests that respondents recognize the value 

of regular assessments in ensuring the ongoing effectiveness of waste management 

practices. 

Therefore, the ‘Management and Leadership’ category underscores the critical role 

of effective site management, communication, adherence to WM plans, and senior 

management commitment in fostering successful construction waste management. The 

positive evaluations suggest collectively recognising these attributes as pivotal in 

creating a conducive environment for optimal CWM within construction projects. 

 

5.4.2 Level of manpower (Attribute B1) 

The mean values for the B1: Having enough skilled workers in every project, 

exceeded the midpoint level of 3.00. The mean for this particular attribute is 3.70 

(Table 5.1), signifying a perception that there is a need for skilled workers available 

for every project for better CWM. This attribute is the only attribute that represents the 

key attribute of manpower. This emphasizes the perceived adequacy of skilled 

personnel, which enhances CWM practices. 
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5.4.3 Level of policies and strategies (Attributes C1-C6) 

The mean values of the ‘policies and strategies’ attributes were above the medium 

level of 3.00, ranging from 3.65 to 4.02 (Table 5.1), indicating a positive influence on 

better construction waste management (CWM) performance in building projects. The 

maximum mean score under this key attribute is 4.02 for C6: Preventing site accidents 

(e.g., fires and deaths causing material waste and project delays), and the minimum 

mean score is 3.65 for C5: Offering incentives for waste minimization efforts to the 

project team. 

• C1: Establishment of a Strict CWM Policy within the Company, with a mean score 

of 3.83, indicates a favourable perception among respondents regarding the 

importance of establishing a stringent CWM policy within the company. This 

underscores the acknowledgement of policies’ pivotal role in guiding CWM 

practices within the organizational framework. 

• C2: Establish an appropriate WM plan in the earlier stage of each construction 

project, with a mean score of 3.85. Respondents affirm the significance of 

developing a well-thought-out Waste Management (WM) plan at the initial stages 

of construction projects. This highlights the proactive approach needed to integrate 

waste management considerations early in the project lifecycle. 

• C3: Setting a “Waste Reduction Target” for every project, with a mean score of 

3.69 indicates a positive perception regarding establishing waste reduction targets 

for each project. Respondents recognize the importance of maximizing the 

reduction of materials usage to achieve specific targets, such as reducing wastage 

from 15% to 10% of all materials usage. 

• C4: Including subcontractor responsibilities for WM targets in the contract, the 

mean score of 3.84 suggests a favourable view on including subcontractor 

responsibilities for Waste Management (WM) targets within contractual 

agreements. This reflects an understanding of the collaborative efforts required 

across stakeholders to ensure effective waste management. 

• C5: Offering incentives for waste minimization efforts, with a mean score of 3.65, 

respondents acknowledge the importance of incentivizing waste minimization 
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efforts within the project team. This reflects an awareness of the motivational 

impact that rewards, such as monetary incentives or certificates, can have on 

encouraging sustainable waste management practices. 

• C6: Preventing site accidents, the high mean score of 4.02 indicates strong 

agreement among respondents regarding the critical role of preventing site 

accidents in reducing material waste and avoiding project delays. This underscores 

the interconnection between safety measures and effective CWM practices. 

Therefore, the ‘policies and strategies’ attributes in CWM received favourable 

perceptions from respondents, with mean scores ranging from 3.65 to 4.02. This 

suggests a positive influence on the overall performance of CWM practices in building 

projects. Specifically, the emphasis on a stringent CWM policy, the early establishment 

of comprehensive waste management plans, and the inclusion of waste reduction targets 

and subcontractor responsibilities underscores the proactive and collaborative 

approaches required for effective waste management. Furthermore, recognising the 

significance of offering incentives for waste minimization efforts and the paramount 

importance of preventing site accidents contributes to a holistic understanding of 

policies and strategies that can optimise CWM in building construction projects.  

 

5.4.4 Level of materials (Attributes D1-D8) 

The mean values of the ‘materials’ attributes were above the medium level of 3.00, 

ranging from 3.80 to 4.12 (Table 5.1), indicating a positive influence on better 

construction waste management (CWM) performance in building projects. The 

maximum mean score under this key attribute is 4.12 for D1: Precise material 

purchasing (i.e., preventing order errors, correct sizes and quantities), and the minimum 

mean score is 3.80 for D4: Adopting Just in Time (JIT) delivery system. 

• D1: Precise material purchasing, with a mean score of 4.12, which underscores the 

important of collective acknowledgement of the significance of preventing order 

errors, ensuring the correct sizes, and maintaining accurate quantities in building 

construction. 
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• D2: On-time and accurate quantification of materials/bills of quantities, with a mean 

score of 4.08. This underscores the consensus among respondents on the importance 

of meticulous assessment of bills of quantities, contributing to better CWM.  

• D3: Using quality, durable, and standardized materials, with a mean score of 4.00. 

Respondents unanimously recognize the need to adhere to specifications, ensuring 

the use of standardized materials to enhance longevity and performance for better 

CWM.  

• D4: Adopting Just in Time (JIT) delivery system, with a mean score of 3.80, 

suggests a more nuanced perspective. The variability in responses indicates a 

diversity of views on the extent to which JIT practices are currently embraced. 

• D5: Adequate material transportation and handling protection, with a mean score of 

3.90. This highlights the collective recognition of the importance of safeguarding 

materials throughout the material-moving process.  

• D6: Precise on-site material control, with a mean score of 3.94. This underscores 

the unanimous agreement on meticulous inspection and control of materials upon 

arrival at the construction site. 

• D7: Adequate protection of different categories of materials during storing and 

stacking. Safeguarding materials during storing and stacking is a shared concern, as 

evident in the mean score of 3.91. This underscores the collective acknowledgement 

of the necessity to protect diverse categories of materials adequately. 

• D8: High level of security at the project site. While respondents affirm the 

importance of maintaining a high level of security at the project site with a mean 

score of 3.83, the nuanced perspective suggests varying degrees of emphasis. The 

collective recognition of the need to prevent theft and loss of materials is evident, 

with potential areas for improvement in security measures. 

Therefore, the materials category unveils a comprehensive understanding among 

respondents regarding the critical attributes influencing CWM. The high mean scores 

underscore the unanimous agreement on the significance of precise material 

purchasing, accurate quantification, use of quality materials, protection during 

transportation and handling, on-site control, and security measures. The nuanced 
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perspectives also reveal areas for potential improvement and optimization in certain 

aspects of materials management. 

 

5.4.5 Level of equipment or tools (Attributes E1-E6) 

The mean values of the ‘equipment or tools’ attributes were above the medium level 

of 3.00, ranging from 3.53 to 4.06 (Table 5.1), indicating a positive influence on better 

construction waste management (CWM) performance in building projects. The 

maximum mean score under this key attribute is 4.06 for E4: Utilizing scaffolding and 

formwork that can be reused many times (e.g., metal, plastic, etc.), and the minimum 

mean score is 3.53 for E5: Utilizing Building Information Modeling (BIM) for the 

project and be familiar with its application. 

• E1: Ensuring the availability of equipment required for every project. Respondents 

collectively emphasized the importance of ensuring the availability of necessary 

equipment, with a mean score of 3.90. This underscores the unanimous 

acknowledgement of the pivotal role played by tools, machines, and vehicles in 

successfully executing construction projects. 

• E2: Ensuring the quality of all equipment to be used in every project. Quality 

assurance in equipment emerged as a significant consideration, as reflected in the 

mean score of 3.76. While respondents recognize the importance of equipment 

quality, the nuanced perspective suggests varying degrees of emphasis on this 

aspect. 

• E3: Being familiar with the usage of all equipment. The familiarity of personnel in 

charge with equipment usage is deemed crucial, as indicated by the mean score of 

3.81. This underscores the collective recognition of the necessity for individuals 

overseeing projects to possess comprehensive knowledge of equipment operation. 

• E4: Utilizing scaffolding and formwork that can be reused many times. 

Respondents express a strong inclination toward sustainable practices, as evidenced 

by the high mean score of 4.06 for the utilization of scaffolding and formwork that 

can be reused. This reflects a shared commitment to better CWM in building 

projects.  
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• E5: Utilizing Building Information Modeling (BIM) for the project and being 

familiar with its application. While respondents acknowledge the potential benefits 

of BIM, the mean score of 3.53 suggests a more reserved perspective. This indicates 

varying degrees of familiarity and endorsement of BIM within the respondent pool. 

• E6: Utilizing other related information technologies for the project and being 

familiar with their application. The mean score of 3.58 highlights a moderate 

inclination toward using other information technologies for construction projects. 

Respondents recognize the relevance of these technologies but exhibit diverse 

views on their application for better CWM in building construction.  

Therefore, the ‘equipment or tools’ category reveals a comprehensive 

understanding among respondents regarding the multifaceted considerations associated 

with CWM. The high mean score for reusing scaffolding and formwork emphasizes a 

collective commitment to sustainability. While respondents generally endorse the 

importance of equipment availability and familiarity, there are nuanced perspectives on 

equipment quality and adopting advanced technologies such as BIM. These findings 

underscore the need for targeted interventions and improvements in specific equipment 

and tools management aspects in building construction projects. 

 

5.4.6 Level of construction method and processes (Attributes F1-F8) 

The mean values of the ‘construction method and processes’ attributes were above 

the medium level of 3.00, ranging from 3.58 to 4.04 (Table 5.1), indicating a positive 

influence on the better performance of CWM in building projects. The maximum mean 

score under this key attribute is 4.04 for F1: Adequate site space and the site layout are 

cleared for materials movement, and the minimum mean score is 3.58 for F2: Adopting 

preassembled components such as bathroom and kitchen pods. 

• F1: Adequate site space and site layout cleared for materials movement. 

Respondents strongly emphasize the importance of providing adequate site space 

and a layout conducive to materials movement, as reflected in the high mean score 

of 4.04. This underscores the collective recognition that an organized and spacious 

site layout is pivotal for optimizing materials handling and minimizing waste. 
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• F2: Adopting preassembled components such as bathroom and kitchen pods. While 

the mean score of 3.58 suggests a moderate inclination toward adopting 

preassembled components, respondents exhibit diverse views. This reflects a 

nuanced perspective on the feasibility and benefits of integrating preassembled 

elements like bathroom and kitchen pods into construction projects. 

• F3: Efficient use of materials and minimizing uneconomical cutting shapes and 

length. Respondents express a strong commitment to efficient material use, as 

indicated by the mean score of 3.99. This underscores a shared belief in the 

importance of minimizing wastage through strategic planning and using materials 

in construction activities. 

• F4: Implementing proper method statements for each activity, including minimizing 

waste from application processes. The mean score of 3.97 highlights the 

significance placed on method statements that address waste minimization during 

application processes. This indicates a collective understanding of the need for 

structured procedures to minimize waste generation throughout construction 

activities. 

• F5: Minimizing rework at the construction site. Respondents prioritize the 

minimization of rework at the construction site, as evidenced by the high mean 

score of 4.00. This reflects a unanimous acknowledgement of rework’s detrimental 

impact on project timelines and material usage. 

• F6: Bins are installed on every floor. While the mean score of 3.64 suggests a 

moderate inclination toward installing bins on every floor, respondents exhibit 

varying perspectives on this practice. This indicates diverse opinions on the 

effectiveness and practicality of readily available bins on each floor. 

• F7: Set up separate bins according to waste type and sort out waste at the site. The 

mean score of 3.60 reflects a moderate inclination toward setting up separated bins 

and sorting waste at the site. Respondents recognize the importance of waste 

segregation, but opinions on its implementation vary. 

• F8: Storing construction waste in easily accessible areas. The mean score of 3.88 

indicates a strong endorsement of storing CW in easily accessible areas. This 
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underscores the collective belief in strategically placing waste storage areas to 

facilitate efficient handling and removal. 

Therefore, the ‘construction method and processes’ category reveals a 

comprehensive understanding among respondents regarding the pivotal role of site 

layout, efficient material use, and waste minimization strategies. The emphasis on 

minimizing rework and storing waste in accessible areas underscores a commitment to 

optimizing construction processes. However, opinions on specific practices, such as 

adopting preassembled components and installing bins on every floor, exhibit diversity. 

These highlight the need for targeted interventions and improvements in particular 

aspects of construction methods and processes to enhance CWM practices. 

 

5.4.7 Level of documentation (Attributes G1-G7) 

The mean values of the ‘construction method and processes’ attributes were above 

the medium level of 3.00, ranging from 3.58 to 3.99 (Table 5.1), indicating a positive 

influence on better construction waste management (CWM) performance in building 

projects. The maximum mean score under this key attribute is 3.99 for G2: Detailed 

study and thorough understanding of specifications and drawings, and the minimum 

mean score is 3.58 for G3: Professional quality management and certification (e.g., ISO, 

GREEN, etc.). 

• G1: Effective document control of cwm, including tracking the amounts and kinds 

of CW generated. The mean score of 3.69 suggests a moderate inclination toward 

effective document control in CWM. Respondents acknowledge the importance of 

tracking the amounts and types of CW generated, highlighting the need for 

meticulous documentation practices to enhance CWM effectiveness. 

• G2: Detailed study and thorough understanding of specifications and drawings.  

• Respondents express a strong commitment to detailed study and a thorough 

understanding of specifications and drawings, as reflected in the high mean score 

3.99. This underscores the collective recognition of the pivotal role of the 

comprehensive knowledge of project documentation in minimizing errors and 

optimizing WM.  
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• G3: Professional quality management and certification (e.g., ISO, GREEN, etc.). 

While the mean score of 3.58 indicates a moderate inclination toward professional 

quality management and certification, respondents exhibit diverse views. This 

suggests varying perspectives on the role of certifications, such as ISO and GREEN, 

in enhancing the quality and sustainability of CWM practices. 

• G4: Keep the lessons learned in the repository about cwm. The mean score of 3.68 

suggests a moderate inclination toward maintaining a lessons-learned repository 

specific to construction waste management. Respondents recognize the value of 

capturing and applying insights from previous projects to improve CWM practices, 

emphasizing the importance of continuous learning. 

• G5: Preventing shop drawing detailing errors (i.e., implementing a proper process 

check). Respondents prioritize preventing shop drawing detailing errors, as 

indicated by the high mean score of 3.90. This reflects a collective commitment to 

implementing robust process checks to minimize the mistakes in shop drawings, 

contributing to effective CWM. 

• G6: Minimizing design changes during construction. The mean score of 3.81 

suggests a moderate inclination toward minimizing design changes during 

construction. Respondents recognize the potential impact of design changes on CW 

generation and highlight the importance of stability in project specifications. 

• G7: Minimizing Variation Orders (VO). While the mean score of 3.75 indicates a 

moderate inclination toward minimizing variation orders (VO), respondents exhibit 

diverse views. This suggests varying perspectives on the feasibility and benefits of 

limiting variation orders to enhance CWM. 

Therefore, the ‘documentation’ category underscores the crucial role of 

comprehensive document control, understanding project specifications, and preventing 

errors in enhancing CWM practices. The emphasis on maintaining a lessons-learned 

repository reflects a commitment to continuous improvement. However, diverse 

opinions on aspects such as professional certification and the minimization of variation 

orders highlight the need for targeted interventions and improvements in specific 

documentation practices to optimize CWM in building construction projects. 
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5.4.8 Summary of preliminary finding  

Respondents comprehensively understand the diverse attributes contributing to 

enhanced CWM in building construction. High mean scores across various categories 

indicate a strong consensus on the significance of these attributes. Notably, all 43 

attributes in seven categories received mean scores exceeding 3, emphasizing the 

perceived importance attributed to better CWM. The attribute with the lowest mean 

score, at 3.53, pertains to E5: Utilizing Building Information Modeling (BIM) for the 

project and being familiar with its application. Conversely, the attribute with the highest 

mean score, reaching 4.12, is associated with D1: Precise material purchasing, 

highlighting the emphasis on meticulous purchasing practices. This holistic perspective 

underscores the interconnected nature of management, policies, resource allocation, 

and operational processes as integral components in achieving better CWM in building 

construction. Table 5.1 shows the descriptive statistics of the attributes contributing to 

better CWM.  

 

5.5 Consistency tests among sample groups  

The student’s t-test or independent sample T-test and Analysis of Variance 

(ANOVA) or F-Test are statistical techniques employed for hypothesis testing to 

compare means among different groups. The Independent t-test compares means 

between two groups, while One-way ANOVA (F-test) compares means among three or 

more groups (Cohen, 2013; Mishra et al., 2019; Zhou et al., 2017). It is essential to note 

that when the sample size is small, the mean can be significantly influenced by outliers, 

underscoring the importance of maintaining an adequate sample size when applying 

these methods (Hair et al., 2019; Mishra et al., 2019). Fortunately, this study’s sample 

size is substantial, consisting of 304 observations, which ensures statistical robustness. 

The student’s t-test, also known as the independent t-test, and the Analysis of 

Variance (ANOVA), also referred to as the F-test, are statistical methods used in 

hypothesis testing to compare group means. When comparing means between two 

groups, the Independent t-test is used; however, when comparing means among three 

or more groups, the One-way ANOVA (F-test) is utilized (Cohen, 2013; Mishra et al., 
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2019; Zhou et al., 2017). It is crucial to consider that outliers can substantially impact 

the mean when the sample size is small, which demonstrates the significance of 

maintaining an appropriate sample size when using these methods (Hair et al., 2019; 

Mishra et al., 2019). Fortunately, statistical robustness is guaranteed in the present study 

due to the large sample size (304 samples). 

The T-test and F-test could provide robust results, assuming that each group has the 

same variances. In this study, the datasets are normally distributed. Still, the sample 

sizes between the groups to be compared are largely different, which would have a high 

chance of having different variances that could violate the assumption of homogeneity 

of variances among the groups, which is not fit for applying classical T-test and F-Test 

(Baguley, 2012; Lachenbruch et al., 1991; Welch, 1947). Commonly used in statistical 

analysis, the T-test and F-test require conformance to the fundamental assumptions of 

homogeneity (similarity of variance) and normality. Mathematical determinations that 

are biased, inadequate and unreliable may arise from violated assumptions (Erceg-Hurn 

et al., 2008; Karim et al., 2023).  

The heterogeneity of variances is non-parametric data, which highly affects the 

result of classical T and F values from the T-test and F-test, respectively. This would 

cause no robust results. If this heterogeneity happened with data sets, Welch’s Test can 

be done instead of traditional T-test or F-test (Delacre et al., 2019; Karch, 2021; Liu, 

2015). Similarly, Vaccari et al. (2019) compared the biochemical parameters in landfills 

and dumpsites across three continents (Latin America, Asia, and Africa) using Welch's 

test, which local conditions, consumption patterns, and individual waste management 

habits may influence more. Ultimately, only Welch’s test results were reported. 

The results of the normality test indicated that the data was distributed normally. 

Also, the homogeneity test was conducted to check whether the data set was 

homogeneity (same in variances among the groups) or heterogeneity (different 

variances among the groups). Levene’s Test for equality of variances was conducted to 

check whether there are significant variances or not. In Levene's Test, the Sig. (P-value) 

of lesser than or equal to 0.05 is conserved as a significant difference in variances 

(Delacre et al., 2017; Field, 2013; Garson, 2012; Levene, 1960).  

The result showed that the data set was heterogeneity (different in variances for 

some attributes). We, therefore, applied Welch’s t-test and Welch’s F-test, the robust 
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statistical method for comparing means to address the assumption of homoscedasticity 

and generate reliable results, and their output was considered valid for interpretation 

(Delacre et al., 2017; Erceg-Hurn et al., 2008; Karch, 2021; Vaccari et al., 2019).  

The value of the mean difference, sig. (P-value) and effect size were considered for 

interpreting the output. According to Chen (2007), the difference is considered 

significant if the mean difference is greater than one response category. However, this 

mean difference will be determined in depth whether it is significant or not by checking 

with P-value and effect size.  

The p-value can be considered significant when the sig. (p-value) is less than or 

equal to 0.05 for a 95% confidence interval from both Welch’s T-test and Welch’s F-

test, indicates for at least one pair, between which the mean difference was statistically 

significant (Baguley, 2012; Field, 2013; Welch, 1938).  

In Welch’s T-test, the effect size denoted by absolute Cohen’s d or │d│ > 0.8 were 

considered as large effect size (Cohen, 2013; Field, 2013; Welch, 1938; Welch, 1947), 

while in Welch’s F-test, the effect size (Omega-squared) > 0.14 were considered as 

large effect size (Albers et al., 2018; Field, 2013; Karim et al., 2023; Welch, 1938).  

For Welch’s T-test, the effect size can be calculated as (Cohen, 2013; Field, 2013; 

Welch, 1938; Welch, 1947),  

Cohen’s d = d = 
𝑀2−𝑀1

𝑆𝐷𝑃𝑜𝑜𝑙𝑒𝑑
 

Whereas,  

SPooled = √
𝑆𝐷1

2+𝑆𝐷2
2

2
 

M1: Mean 1 

M2: Mean 2 

SD1: Standard deviation 1 

SD2: Standard deviation 2 

 

For Welch’s F-test, the effect size can be calculated as (Albers et al., 2018; 

Welch, 1938):  

 Omega-squared = 
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Whereas,  

 

SSB: Sum of squares between groups 

dfB: Degrees of freedom between groups 

MSW: Mean square within groups (residual mean square) 

SST: Total sum of squares 

 

According to Okada (2017), the Omega-squared (ω2) derived from Welch’s F-test 

can be negative, indicating that the sampling distributions of ω2 encompass ranges 

below zero. This phenomenon arises due to bias correction, whereas the uncorrected 

estimator, η2, derived from the classical F-test, never be below zero. While a negative 

variance ratio lacks real-world interpretation, as the ratio of explained to total variance 

should fall between 0 and 1, practical applications typically involve reporting such 

negative estimates (Kenny et al., 2020; Olejnik et al., 2000). Wickens et al. (2004) also 

recommend setting ω2 to zero when it yields a negative value. 

The subsequent section of this study compares groups of respondents to assess how 

their perspectives impact the overall results, utilizing Welch's T-test and Welch’s F-

test. This analysis was conducted with various groupings of survey respondents to 

ensure that the collected data could be treated as a single sample. 

 

5.5.1 Country where companies are located 

The comparative analysis between two construction professionals groups, including 

respondents from Thailand (n=108) and Cambodia (n=196), aimed to examine their 

opinions on attributes contributing to better CWM. The normality test confirmed a 

normal distribution of the data across these groups. Subsequently, Levene's Test for 

equality of variances was employed to assess homogeneity. The results of Levene's 

Test, as shown in Table 5.2., indicated heterogeneity in variances for eight attributes 

(A2, A7, C6, D8, E5, F2, G3, and G4) that had variances significant differences (p-

value ≤0.05). Then, Welch’s T-test was applied with a significant homogeneity of 

variances (Sig.) less than 0.05. This led to the adoption of Welch’s T-test as a robust 
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statistical method to compare means, ensuring reliability under the assumption of 

different variances. In fact, in SPSS Version 27, the classical T-test and Welch’s T-test 

are part of the same process, accessible with a single analysis click. 

The results of Welch’s T-test, also shown in Table 5.2 indicated that 25 attributes 

(A1, A2, A3, A5, A6, A7, C1, C2, C3, C4, C5, E1, E2, E3, E4, E5, E6, F1, F2, F3, F7, 

F8, G1, G3, and G4) had p-values less than 0.05, suggesting that the mean values of 

these attributes were significantly different between the groups. This initially suggested 

that there was a significant difference in the mean values of these attributes between 

the two groups. Nevertheless, only one attribute, “F2”, had a substantial impact size 

(absolute Chohen's d > 0.8) and was considered for eliminating from the data set. No 

other typical attribute had a large mean difference between Cambodian and 

Thailand (∆Mean > 1.00).  

Additionally, alternative comparative analysis techniques such as T-test, F-Test, 

and Welch’s F-test were also conducted to validate and compare the results obtained 

from Welch’s T-test. All of them yielded results consistent with those of Welch’s T-

test. 

Thus, in this study, comparing two groups using Welch’s T-test and Welch’s F-test 

produced the same results, which was recommended to remove “F2” from the data set 

while keeping the remaining attributes in the data set for further analysis. However, in 

comparing the groups, “F2” is kept for the sake of analysis uniformity. It will be 

eliminated after completing all comparative analyses across all groups. 

 

Table 5.2 Levene’s Test and Welch’s T-test results for construction professionals in 

Cambodia and Thailand 

Attributes 
Homogeneity of 

variances (Sig.) 
Sig. 

Mean 
∆Mean  Cohen’s d 

Cambodia Thailand 

A1 0.276 0.021 3.99 4.22 0.23 0.28 

A2 0.025 0.011 3.93 4.19 0.26 0.31 

A3 0.638 0.003 3.85 4.17 0.31 0.36 

A4 0.803 0.459 3.82 3.90 0.08 0.09 

A5 0.755 0.001 3.84 4.20 0.36 0.41 

A6 0.854 0.014 3.91 4.18 0.26 0.30 

A7 0.038 0.001 3.57 3.94 0.37 0.39 

B1 0.057 0.666 3.93 3.89 0.04 0.05 

C1 0.244 0.002 3.71 4.04 0.33 0.37 

C2 0.236 0.000 3.67 4.18 0.51 0.59 
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Attributes 
Homogeneity of 

variances (Sig.) 
Sig. 

Mean 
∆Mean  Cohen’s d 

Cambodia Thailand 

C3 0.120 0.003 3.58 3.89 0.31 0.37 

C4 0.659 0.006 3.73 4.05 0.32 0.34 

C5 0.316 0.014 3.54 3.85 0.31 0.30 

C6 0.003 0.412 4.05 3.95 0.10 0.10 

D1 0.539 0.191 4.08 4.20 0.13 0.16 

D2 0.565 0.466 4.05 4.13 0.08 0.09 

D3 0.545 0.504 3.98 4.05 0.07 0.08 

D4 0.551 0.415 3.83 3.74 0.09 0.10 

D5 0.771 0.965 3.90 3.91 0.00 0.01 

D6 0.301 0.637 3.96 3.91 0.05 0.06 

D7 0.712 0.193 3.86 3.99 0.13 0.16 

D8 0.007 0.298 3.88 3.75 0.13 0.13 

E1 0.316 0.018 3.81 4.06 0.24 0.29 

E2 0.930 0.000 3.63 4.01 0.38 0.46 

E3 0.080 0.004 3.70 4.00 0.30 0.35 

E4 0.834 0.000 3.90 4.34 0.44 0.59 

E5 0.005 0.000 3.32 3.91 0.59 0.57 

E6 0.688 0.002 3.46 3.80 0.34 0.37 

F1 0.804 0.010 3.96 4.19 0.22 0.31 

F2 0.001 0.000 3.31 4.07 0.76 0.88** 

F3 0.892 0.000 3.83 4.28 0.45 0.60 

F4 0.945 0.670 3.96 4.00 0.04 0.05 

F5 0.145 0.487 4.03 3.95 0.07 0.08 

F6 0.069 0.563 3.62 3.69 0.07 0.07 

F7 0.617 0.000 3.43 3.90 0.47 0.46 

F8 0.184 0.008 3.79 4.06 0.26 0.32 

G1 0.271 0.025 3.61 3.84 0.24 0.27 

G2 0.462 0.459 3.96 4.04 0.07 0.09 

G3 0.017 0.000 3.44 3.84 0.40 0.42 

G4 0.017 0.000 3.54 3.94 0.39 0.45 

G5 0.154 0.862 3.91 3.89 0.02 0.02 

G6 0.278 0.396 3.77 3.87 0.10 0.10 

G7 0.355 0.237 3.70 3.84 0.14 0.14 

 *Large difference between the mean values (∆Mean > 1.00); **Large effect size (Cohen's d > 0.8) 

 

5.5.2 Professional roles  

The comparative analysis among three groups of construction professionals, which 

included engineers (n=265), architects (n=22), and others (n=20), aimed to examine 

their opinions on attributes contributing to better CWM. The normality test confirmed 

a normal distribution of the data across these groups. Subsequently, Levene's Test for 

equality of variances was employed to assess homogeneity. The results of Levene's 

Test, as shown in Table 5.3, indicated heterogeneity in variances for three attributes 
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(C3, F2, and G7) with a significant homogeneity of variances (Sig.) less than 0.05. This 

led to the adoption of Welch’s F-test as a robust statistical method to compare means, 

ensuring reliability under the assumption of different variances. 

The results of Welch’s F-test, also shown in Table 5.3, indicated that two attributes 

(D2 and D7) had p-values less than 0.05, suggesting that the mean values of these 

attributes were significantly different between the groups. However, none of the 

attributes had a large mean difference between groups of respondents who had 

professional roles as “architects” and “engineers”, between “other roles” and 

“engineers”, and between “architects” and “other roles” (∆Mean > 1.00), along with a 

large effect size (ω2 > 0.14). 

An alternative comparative analysis technique, i.e., the F-Test, was also conducted 

to validate and compare the results obtained from Welch’s F-test. It yielded results 

consistent with Welch’s F-test. 

As a result, the opinions of the group of “architects” and “other roles” did not 

exhibit a significant difference from those of the group of “engineers”. Consequently, 

their responses were included in the dataset for subsequent analyses. 

 

Table 5.3 Levene's test and Welch's F-Test for comparing among roles (Architect, 

Engineer, and Other) 
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A1 0.143 0.988 4.09 4.05 4.08 0.01 0.04 0.04 -0.01 

A2 0.323 0.356 4.23 4.05 4.00 0.23 0.18 0.18 0.00 

A3 0.889 0.768 4.00 4.10 3.95 0.05 0.10 0.10 0.00 

A4 0.227 0.585 3.64 3.90 3.86 0.23 0.26 0.26 0.00 

A5 0.638 0.806 4.09 4.00 3.96 0.13 0.09 0.09 -0.01 

A6 0.826 0.407 4.23 3.90 4.00 0.23 0.33 0.33 0.00 

A7 0.911 0.822 3.82 3.75 3.69 0.13 0.07 0.07 -0.01 

B1 0.143 0.822 3.82 3.85 3.93 0.11 0.03 0.03 0.00 

C1 0.868 0.924 3.82 3.90 3.82 0.00 0.08 0.08 -0.01 

C2 0.527 0.650 3.91 4.00 3.83 0.08 0.09 0.09 0.00 

C3 0.011 0.290 3.77 3.90 3.66 0.11 0.13 0.13 0.00 

C4 0.215 0.150 4.14 3.70 3.83 0.31 0.44 0.44 0.00 

C5 0.465 0.209 3.95 3.85 3.61 0.34 0.10 0.10 0.00 

C6 0.423 0.189 4.32 4.15 3.98 0.34 0.17 0.17 0.00 

D1 0.330 0.890 4.18 4.10 4.12 0.06 0.08 0.08 -0.01 
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D2 0.776 0.018 4.50 3.85 4.06 0.44 0.65 0.65 0.01 

D3 0.363 0.940 4.00 3.95 4.01 0.01 0.05 0.05 -0.01 

D4 0.366 0.297 4.00 3.60 3.79 0.21 0.40 0.40 0.00 

D5 0.486 0.999 3.91 3.90 3.90 0.00 0.01 0.01 -0.01 

D6 0.758 0.299 4.14 3.70 3.94 0.19 0.44 0.44 0.00 

D7 0.846 0.026 4.32 3.75 3.89 0.43 0.57 0.57 0.01 

D8 0.723 0.732 3.91 3.70 3.84 0.07 0.21 0.21 0.00 

E1 0.727 0.442 4.09 4.00 3.87 0.22 0.09 0.09 0.00 

E2 0.562 0.232 4.05 3.80 3.74 0.31 0.25 0.25 0.00 

E3 0.982 0.713 3.95 3.75 3.80 0.16 0.20 0.20 0.00 

E4 0.106 0.600 4.23 4.05 4.04 0.19 0.18 0.18 0.00 

E5 0.879 0.768 3.64 3.65 3.51 0.12 0.01 0.01 0.00 

E6 0.692 0.519 3.77 3.65 3.56 0.22 0.12 0.12 0.00 

F1 0.364 0.423 4.23 3.95 4.03 0.19 0.28 0.28 0.00 

F2 0.011 0.123 3.77 3.85 3.55 0.23 0.08 0.08 0.00 

F3 0.919 0.268 4.23 4.00 3.97 0.26 0.23 0.23 0.00 

F4 0.769 0.983 3.95 3.95 3.98 0.02 0.00 0.00 -0.01 

F5 0.204 0.397 3.91 3.75 4.03 0.12 0.16 0.16 0.00 

F6 0.510 0.871 3.59 3.55 3.65 0.06 0.04 0.04 -0.01 

F7 0.722 0.189 3.91 3.85 3.55 0.36 0.06 0.06 0.01 

F8 0.087 0.277 4.09 3.95 3.86 0.23 0.14 0.14 0.00 

G1 0.490 0.730 3.82 3.75 3.68 0.14 0.07 0.07 0.00 

G2 0.731 0.349 4.09 3.80 4.00 0.09 0.29 0.29 0.00 

G3 0.683 0.575 3.68 3.75 3.56 0.12 0.07 0.07 0.00 

G4 0.070 0.213 3.59 3.95 3.67 0.08 0.36 0.36 0.00 

G5 0.476 0.931 3.86 3.85 3.91 0.04 0.01 0.01 -0.01 

G6 0.909 0.770 3.95 3.75 3.80 0.16 0.20 0.20 0.00 

G7 0.031 0.260 3.86 4.00 3.72 0.14 0.14 0.14 0.00 

*Large difference between the mean values (∆Mean > 1.00); **Large effect size (ω2 > 0.14) 

 

5.5.3 Level of involvement in construction waste management 

The comparative analysis among five groups of construction professionals, which 

included respondents who were never involved in CWM (n=41), rarely involved 

(n=51), sometimes involved (n=104), often involved (n=34), and always involved 

(n=34), aimed to examine their opinions on attributes contributing to better CWM. The 

normality test confirmed a normal distribution of the data across these groups. 

Subsequently, Levene's Test for equality of variances was employed to assess 

homogeneity. The results of Levene's Test, as shown in Table 5.4, indicated 



128 

 

 

heterogeneity in variances for nine attributes (A2, A3, A4, A5, A6, E6, F4, F5, and G2) 

with a significant homogeneity of variances (Sig.) less than 0.05. This led to the 

adoption of Welch’s F-test as a robust statistical method to compare means, ensuring 

reliability under the assumption of different variances. 

The results of Welch’s F-test, also shown in Table 5.4, indicated that five attributes 

(B1, D1, D6, E1 and G7) had p-values less than 0.05, suggesting that the mean values 

of these attributes significantly differed between the groups. However, none of the 

attributes had a large mean difference between groups of respondents who were “never 

involved in CWM” and “rarely involved”, between “never involved in CWM” and 

“sometimes involved”, between “never involved in CWM” and “often involved” and 

between “never involved in CWM” and “always involved” (∆Mean > 1.00), along with 

a large effect size (ω2 > 0.14). 

An alternative comparative analysis technique, i.e., the F-Test, was also conducted 

to validate and compare the results obtained from Welch’s F-test. It yielded results 

consistent with Welch’s F-test. 

As a result, the opinions of the group of respondents who were never involved in 

CWM did not show a significant difference from those groups who were rarely 

involved, sometimes involved, often involved, and always involved. Consequently, 

their responses were included in the dataset for subsequent analyses. 

 

Table 5.4 Levene’s test and Welch’s F-Test for comparing the level of professionals’ 

involvement in CWM 
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A1 0.216 0.140 3.95 4.16 3.96 4.15 4.29 0.21 0.01 0.20 0.34 0.01 

A2 0.030 0.478 4.05 4.08 3.91 4.07 4.12 0.03 0.14 0.02 0.07 0.00 

A3 0.000 0.303 3.78 3.96 3.99 3.93 4.18 0.18 0.21 0.15 0.40 0.00 

A4 0.000 0.075 3.63 3.76 3.79 4.00 4.09 0.13 0.15 0.37 0.45 0.02 

A5 0.007 0.143 3.83 3.80 3.93 4.16 4.09 0.03 0.10 0.33 0.26 0.01 

A6 0.020 0.540 3.88 4.02 3.98 4.15 3.91 0.14 0.10 0.27 0.03 0.00 

A7 0.263 0.675 3.61 3.63 3.66 3.80 3.85 0.02 0.05 0.19 0.24 -0.01 

B1 0.414 0.046 3.83 3.73 3.86 4.07 4.18 0.10 0.03 0.24 0.35 0.02 

C1 0.058 0.153 3.51 3.82 3.82 4.00 3.85 0.31 0.31 0.49 0.34 0.01 
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C2 0.933 0.675 3.71 3.76 3.86 3.93 3.94 0.06 0.15 0.23 0.23 -0.01 

C3 0.879 0.354 3.49 3.65 3.70 3.72 3.88 0.16 0.21 0.23 0.39 0.00 

C4 0.154 0.649 3.85 3.67 3.89 3.86 3.88 0.19 0.04 0.01 0.03 -0.01 

C5 0.690 0.103 3.51 3.73 3.74 3.74 3.24 0.21 0.23 0.23 0.28 0.01 

C6 0.677 0.173 4.10 3.90 3.90 4.20 4.03 0.20 0.19 0.11 0.07 0.01 

D1 0.500 0.018 4.17 4.06 3.96 4.22 4.44 0.11 0.21 0.05 0.27 0.02 

D2 0.770 0.112 4.24 4.06 3.91 4.12 4.32 0.19 0.33 0.12 0.08 0.01 

D3 0.839 0.054 3.90 3.84 3.96 4.08 4.32 0.06 0.06 0.18 0.42 0.01 

D4 0.407 0.871 3.68 3.86 3.78 3.84 3.79 0.18 0.10 0.15 0.11 -0.01 

D5 0.906 0.211 3.95 3.92 3.84 3.84 4.18 0.03 0.11 0.11 0.23 0.00 

D6 0.792 0.041 3.88 3.84 3.85 4.01 4.29 0.03 0.03 0.14 0.42 0.01 

D7 0.737 0.726 3.93 3.86 3.85 3.95 4.06 0.06 0.08 0.02 0.13 -0.01 

D8 0.331 0.463 3.83 3.65 3.81 3.95 3.94 0.18 0.02 0.12 0.11 0.00 

E1 0.988 0.039 4.00 3.71 3.79 4.01 4.15 0.29 0.21 0.01 0.15 0.02 

E2 0.583 0.219 3.95 3.63 3.67 3.81 3.91 0.32 0.28 0.14 0.04 0.01 

E3 0.147 0.746 3.76 3.75 3.76 3.89 3.91 0.01 0.00 0.14 0.16 -0.01 

E4 0.137 0.947 4.10 4.08 4.02 4.09 4.00 0.02 0.08 0.00 0.10 -0.01 

E5 0.101 0.468 3.68 3.71 3.43 3.50 3.44 0.02 0.25 0.18 0.24 0.00 

E6 0.024 0.979 3.59 3.55 3.56 3.59 3.65 0.04 0.03 0.01 0.06 -0.01 

F1 0.155 0.277 4.02 4.06 3.96 4.05 4.26 0.03 0.06 0.03 0.24 0.00 

F2 0.450 0.796 3.63 3.69 3.50 3.61 3.56 0.05 0.13 0.03 0.08 -0.01 

F3 0.478 0.805 4.02 3.94 3.93 4.07 4.03 0.08 0.09 0.04 0.01 -0.01 

F4 0.003 0.415 3.80 4.02 3.91 4.05 4.12 0.21 0.11 0.25 0.31 0.00 

F5 0.009 0.071 3.76 4.02 3.90 4.18 4.18 0.26 0.15 0.42 0.42 0.02 

F6 0.119 0.415 3.34 3.65 3.67 3.73 3.71 0.31 0.33 0.39 0.36 0.00 

F7 0.153 0.989 3.56 3.61 3.63 3.55 3.59 0.05 0.07 0.01 0.03 -0.01 

F8 0.205 0.720 3.90 3.75 3.89 3.95 3.91 0.16 0.01 0.04 0.01 -0.01 

G1 0.271 0.999 3.68 3.69 3.68 3.69 3.74 0.00 0.00 0.01 0.05 -0.01 

G2 0.015 0.036 3.85 3.94 4.02 3.91 4.32 0.09 0.17 0.05 0.47 0.01 

G3 0.334 0.946 3.61 3.55 3.53 3.64 3.65 0.06 0.08 0.03 0.04 -0.01 

G4 0.684 0.930 3.63 3.67 3.69 3.65 3.79 0.03 0.06 0.01 0.16 -0.01 

G5 0.364 0.351 3.76 3.78 3.95 3.91 4.09 0.03 0.20 0.15 0.33 0.00 

G6 0.156 0.771 3.68 3.86 3.81 3.76 3.97 0.18 0.12 0.07 0.29 -0.01 

G7 0.126 0.684 3.76 3.78 3.71 3.68 3.97 0.03 0.04 0.08 0.21 -0.01 

*Large difference between the mean values (∆Mean > 1.00); **Large effect size (ω2 > 0.14) 

 

5.5.4 Professional qualifications 

The comparative analysis among five groups of construction professionals, which 

included respondents who hold no professional license (n=119), Professional Engineer 

(PE) (n=126), ACPE or APEC Engineer (n=5), Professional Architect (PA) (n=12), 
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Project Management Professional (PMP) (n=12), TREES or LEED (n=10), and Other 

(n=20), aimed to examine their opinions on attributes contributing to better CWM. The 

normality test confirmed a normal distribution of the data across these groups. 

Subsequently, Levene's Test for equality of variances was employed to assess 

homogeneity. The results of Levene's Test, as shown in Table 5.5, indicated 

heterogeneity in variances for three attributes (C3, F2, and G7) with a significant 

homogeneity of variances (Sig.) less than 0.05. This led to the adoption of Welch’s F-

test as a robust statistical method to compare means, ensuring reliability under the 

assumption of different variances. 

The results of Welch’s F-test, also shown in Table 5.5, indicated that two attributes 

had p-values less than 0.05, suggesting that the mean values of these attributes were 

significantly different between the groups. However, none of the attributes had a large 

mean difference between groups of respondents who hold “none-professional license” 

and “PE”, between “none-professional license” and “ACPE or APEC Engineer”, 

between “none-professional license” and “PA”, between “none-professional license” 

and “PMP”, between “none-professional license” and “TREES or LEED”, and between 

“none-professional license” and “Other profession” (∆Mean > 1.00), along with a large 

effect size (ω2 > 0.14). An alternative comparative analysis technique, i.e., the F-test, 

was also conducted to validate and compare the results obtained from Welch’s F-test. 

It yielded results consistent with Welch’s F-test. 

As a result, the opinions from the group of respondents who hold a none-

professional license did not show a significant difference from those groups who hold 

PE, ACPE or APEC, PA, PMP, TREES or LEED, and Others. Consequently, their 

responses were included in the dataset for subsequent analyses. 
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Table 5.5 Levene’s test and Welch’s F-Test for comparing levels of professionals’ 

licenses in construction and management 
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A1 0.082 0.232 3.94 4.15 3.80 4.42 4.25 4.30 4.05 0.21 0.14 0.48 0.31 0.36 0.11 -0.02 

A2 0.092 0.245 3.87 4.11 3.80 4.33 4.25 4.10 4.00 0.24 0.07 0.46 0.38 0.23 0.13 -0.02 

A3 0.388 0.153 3.82 4.07 4.00 4.08 4.42 4.00 3.80 0.26 0.18 0.27 0.60 0.18 0.02 -0.02 

A4 0.011 0.226 3.74 3.98 3.80 3.75 3.83 4.20 3.60 0.24 0.06 0.01 0.09 0.46 0.14 -0.02 

A5 0.037 0.005 3.81 4.13 3.80 4.58 3.75 4.10 3.65 0.33 0.01 0.78 0.06 0.29 0.16 -0.02 

A6 0.376 0.004 3.86 4.11 3.80 4.67 3.83 4.20 3.90 0.25 0.06 0.81 0.02 0.34 0.04 -0.02 

A7 0.017 0.158 3.58 3.85 3.40 4.17 3.50 3.30 3.65 0.27 0.18 0.59 0.08 0.28 0.07 -0.02 

B1 0.455 0.176 3.81 4.03 3.40 3.83 3.75 4.20 4.00 0.23 0.41 0.03 0.06 0.39 0.19 -0.02 

C1 0.260 0.050 3.64 4.04 3.80 4.08 3.50 3.80 3.65 0.40 0.16 0.44 0.14 0.16 0.01 -0.02 

C2 0.373 0.064 3.66 4.01 3.80 4.25 3.83 4.10 3.65 0.35 0.14 0.59 0.18 0.44 0.01 -0.02 

C3 0.379 0.011 3.47 3.90 3.80 3.92 3.58 4.00 3.35 0.43 0.33 0.45 0.11 0.53 0.12 -0.01 

C4 0.098 0.052 3.66 3.96 4.00 4.33 3.50 4.00 3.95 0.30 0.34 0.67 0.16 0.34 0.29 -0.02 

C5 0.961 0.386 3.52 3.76 3.80 4.17 3.33 3.60 3.60 0.24 0.28 0.65 0.19 0.08 0.08 -0.02 

C6 0.938 0.410 4.00 4.07 3.60 4.17 3.75 4.40 3.75 0.07 0.40 0.17 0.25 0.40 0.25 -0.02 

D1 0.973 0.070 4.00 4.29 3.60 4.25 4.25 4.00 3.80 0.29 0.40 0.25 0.25 0.00 0.20 -0.02 

D2 0.713 0.522 3.97 4.18 4.00 4.42 4.08 4.00 3.95 0.22 0.03 0.45 0.12 0.03 0.02 -0.02 

D3 0.997 0.672 3.94 4.11 3.60 3.83 3.92 4.00 3.95 0.17 0.34 0.11 0.02 0.06 0.01 -0.02 

D4 0.424 0.723 3.72 3.90 3.60 3.83 3.67 3.80 3.65 0.18 0.12 0.11 0.06 0.08 0.07 -0.02 

D5 0.541 0.259 3.84 3.95 4.20 3.83 3.75 4.40 3.80 0.11 0.36 0.01 0.09 0.56 0.04 -0.02 

D6 0.417 0.790 3.87 4.00 4.00 3.83 3.83 4.30 3.95 0.13 0.13 0.03 0.03 0.43 0.08 -0.02 

D7 0.916 0.588 3.82 3.97 4.20 4.17 3.67 4.10 3.90 0.15 0.38 0.35 0.15 0.28 0.08 -0.02 

D8 0.051 0.317 3.72 3.92 3.80 3.67 3.58 4.30 3.95 0.20 0.08 0.06 0.14 0.58 0.23 -0.02 

E1 0.850 0.330 3.87 3.98 3.40 4.00 3.50 4.00 3.80 0.12 0.47 0.13 0.37 0.13 0.07 -0.02 

E2 0.873 0.202 3.69 3.84 3.40 4.17 3.33 4.00 3.70 0.15 0.29 0.48 0.36 0.31 0.01 -0.02 

E3 0.333 0.308 3.71 3.94 3.40 4.08 3.50 3.90 3.65 0.23 0.31 0.38 0.21 0.19 0.06 -0.02 

E4 0.663 0.037 3.94 4.18 4.00 4.58 3.83 4.10 3.75 0.24 0.06 0.64 0.11 0.16 0.19 -0.02 

E5 0.539 0.122 3.34 3.77 3.20 3.67 3.58 3.20 3.25 0.43 0.14 0.32 0.24 0.14 0.09 -0.02 

E6 0.359 0.285 3.42 3.73 3.20 3.75 3.75 3.50 3.50 0.31 0.22 0.33 0.33 0.08 0.08 -0.02 

F1 0.624 0.084 4.02 4.13 4.00 4.33 3.50 4.00 3.80 0.12 0.02 0.32 0.52 0.02 0.22 -0.02 

F2 0.611 0.003 3.34 3.83 3.80 4.08 3.83 3.60 3.00 0.49 0.46 0.75 0.50 0.26 0.34 0.01 

F3 0.374 0.013 3.86 4.16 3.80 4.50 3.92 3.90 3.55 0.30 0.06 0.64 0.06 0.04 0.31 -0.01 

F4 0.615 0.181 3.92 4.12 3.60 3.92 3.58 3.70 3.85 0.19 0.32 0.01 0.34 0.22 0.07 -0.02 

F5 0.397 0.324 3.91 4.13 3.80 3.67 4.17 4.10 3.80 0.23 0.11 0.24 0.26 0.19 0.11 -0.02 

F6 0.613 0.156 3.51 3.83 3.80 3.42 3.75 3.60 3.30 0.31 0.29 0.10 0.24 0.09 0.21 -0.02 

F7 0.042 0.002 3.43 3.78 3.00 4.33 3.75 3.50 3.10 0.35 0.43 0.90 0.32 0.07 0.33 -0.01 

F8 0.678 0.067 3.78 3.98 4.20 4.17 4.00 4.20 3.45 0.19 0.42 0.39 0.22 0.42 0.33 -0.02 

G1 0.028 0.005 3.52 3.88 2.80 3.92 3.83 4.10 3.30 0.36 0.72 0.40 0.31 0.58 0.22 0.00 

G2 0.814 0.117 3.86 4.13 3.80 3.92 3.83 4.40 3.85 0.28 0.06 0.06 0.02 0.54 0.01 -0.02 

G3 0.088 0.252 3.50 3.74 3.60 3.67 3.33 3.50 3.25 0.24 0.10 0.17 0.16 0.00 0.25 -0.02 
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G4 0.367 0.181 3.51 3.87 3.60 3.75 3.67 3.70 3.50 0.35 0.09 0.24 0.15 0.19 0.01 -0.02 

G5 0.369 0.174 3.92 3.98 3.20 3.42 3.58 4.30 3.70 0.06 0.72 0.51 0.34 0.38 0.22 -0.02 

G6 0.589 0.662 3.73 3.91 3.20 3.75 3.83 4.00 3.65 0.18 0.53 0.02 0.10 0.27 0.08 -0.02 

G7 0.950 0.712 3.66 3.87 3.60 3.67 3.58 3.90 3.60 0.21 0.06 0.00 0.08 0.24 0.06 -0.02 

*Large difference between the mean values (∆Mean > 1.00); **Large effect size (ω2 > 0.14) 

 

5.5.5 Summary of consistency tests among groups of respondents  

In summary, following the consistency tests assessing the variations in opinions 

among groups of respondents across four categories (Country of company location, 

Professional roles, Level of involvement in CWM, and Professional qualifications), 

only one attribute (F2) was excluded as it had a substantial impact size (absolute 

Chohen’s d > 0.8) identified in the comparative analysis (Welch’s T-test) of 

respondents from Cambodia and Thailand. Theerefore, one attribute (F2) was 

eliminated from the data set for subsequent data analyses.   



 

 

 

CHAPTER 6 

EXPLORATORY AND CONFIRMATORY FACTOR ANALYSES  

 

6.1 Reliability 

Internal consistency and item-total correlations were examined as part of the 

reliability test. The following sections explain each assessment process and the results 

in the following sections.  

 

6.1.1 Internal consistency test  

The degree of consistency across responses from different items (attributes) on a 

single measurement scale is known as internal consistency. The Cronbach's alpha 

coefficient, which estimates the correlation between a set of items and their actual 

scores, is widely used to evaluate internal consistency (Abu-Reishah et al., 2023; 

Cronbach, 1951). An alpha coefficient above 0.90 is regarded as excellent, above 0.80 

as very good, and 0.70 as satisfactory, according to Taber (2018). Furthermore, it is 

suggested by Hair et al. (2019); Wang et al. (2017) that values in the range of 0.60 to 

0.70 represent the lowest level of acceptability. Nonetheless, it is generally accepted 

that Cronbach's alpha should not fall below 0.70 (Park et al., 2020).  

Internal consistency was checked for all 42 attributes (excluding F2) and 304 

responses in the current assessment, and Cronbach’s alpha value of 0.961 above the 0.9 

threshold made internal consistency excellent. 

 

6.1.2 Item-total correlation  

The item-total correlation assesses the correlation of an attribute with the composite 

score of all attributes constituting the measure of the construct. When all attributes share 

a common core representing the same construct, the scores of each attribute and that of 

the entire construct should have a high correlation (Omani-Samani et al., 2018; Wang 
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et al., 2017). In SPSS, the item-total correlation value is corrected. According to Park 

et al. (2020); Pett et al. (2003), a corrected item-total correlation value below 0.30 or 

above 0.70 suggests that the attribute measures something different from the overall 

construct and is recommended for deletion. The results of item-total correlations are 

presented in Table 6.1, which shows that all the attributes within each construct as their 

corrected item-total correlations ranged from 0.430 (F6) to 0.682 (E2).  

A correlation between an attribute and the composite score of all the attributes that 

make up the construct measure is assessed by the item-total correlation. The scores of 

each attribute and the overall construct should have a high correlated when all of the 

attributes share a common core that represents the same construct (Omani-Samani et 

al., 2018; Wang et al., 2017). The item-total correlation value is adjusted in SPSS. A 

corrected item-total correlation value below 0.30 or over 0.70 indicates that the attribute 

measures something different from the overall construct and should be deleted, 

according to Park et al. (2020); Pett et al. (2003). The item-total correlation data is 

shown in Table 6.1, demonstrating that the corrected item-total correlations for each 

attribute within each construct ranged from 0.430 (F6) to 0.682 (E2). 

Attribute ‘F6: Bins are installed on every floor’ with the minimum items-total 

correlation of 0.430, and it is the only attribute that had items-total correlation less than 

0.5. The rest of the attributes had an items-total correlation of more than 0.5, and the 

attribute named ‘E2: Ensuring the quality of all equipment to be used in every project’ 

had the maximum items-total correlation of 0.682. The items-total correlation of all 

attributes was greater than 0.30 (Pett et al., 2003). Furthermore, the alpha coefficient 

for all these attributes was relatively high (0.961). As no items were identified for 

deletion based on the ‘correlated item-total correlation’, the examination of 

‘Cronbach’s Alpha if item deleted’ was not conducted. Consequently, all items were 

retained in the dataset for subsequent analyses (Park et al., 2020).  
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Table 6.1 Item-total correlations of all 42 attributes contributing to better CWM 

Attributes: Description 

Corrected 

Item-Total 

Correlation 

Cronbach's 

Alpha if 

Item 

Deleted 

A1: Effective site management 0.548 0.961 

A2: Effective communication with all stakeholders 0.550 0.961 

A3: Senior management's commitment to implementing waste 

management (WM) practices 

0.558 0.961 

A4: Implementing an effective organizational structure for WM 0.637 0.960 

A5: Supervision of WM activities with clear instructions 0.640 0.960 

A6: Properly following a WM plan 0.614 0.960 

A7: Monitoring and auditing waste management systems periodically 

(e.g., every 3 months) 

0.604 0.960 

B1: Having enough skilled workers in every project 0.549 0.961 

C1: Establishment of a strict CWM policy within the company 

(including the CWM system) 

0.578 0.960 

C2: Establishment of an appropriate WM plan in the earlier stage of 

each construction project 

0.618 0.960 

C3: Setting a “Waste Reduction Target” for every project by 

maximizing the reduction of materials usage (e.g., reducing wastage 

from 15% to 10% of all materials usage) 

0.584 0.960 

C4: Including subcontractor responsibilities for WM targets in the 

contract 

0.639 0.960 

C5: Offering incentives for waste minimization efforts to the project 

team (e.g., money, certificate) 

0.535 0.961 

C6: Preventing site accidents (e.g., fires and deaths causing material 

waste and project delays) 

0.538 0.961 

D1: Precise material purchasing (i.e., preventing order errors, right 

sizes and quantities) 

0.627 0.960 

D2: On-time and accurate quantification of materials/bills of 

quantities 

0.622 0.960 

D3: Using quality, durable, and standardized materials (i.e., 

according to specification) 

0.644 0.960 

D4: Adopting Just in Time (JIT) delivery system 0.617 0.960 

D5: Adequate protection of material transportation and handling 

(loading and unloading) 

0.575 0.960 

D6: Precise on-site material control (e.g., inspecting the materials 

when they arrive, etc.) 

0.596 0.960 

D7: Adequate protection of different categories of materials during 

storing and stacking 

0.677 0.960 

D8: High level of security at the project site (i.e., prevent theft and 

loss of materials) 

0.544 0.961 

E1: Ensuring the availability of equipment required for every project 

(i.e., tools, machines, and vehicles) 

0.657 0.960 

E2: Ensuring the quality of all equipment to be used in every project 0.682 0.960 

E3: Be familiar with the usage of all equipment (i.e., persons in 

charge) 

0.641 0.960 

E4: Utilizing scaffolding and formwork that can be reused many 

times (e.g., metal, plastic, etc.) 

0.559 0.961 

E5: Utilizing Building Information Modeling (BIM) for the project 

and be familiar with its application 

0.592 0.961 

E6: Utilizing other related information technologies for the project 

and be familiar with their application 

0.658 0.960 
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Attributes: Description 

Corrected 

Item-Total 

Correlation 

Cronbach's 

Alpha if 

Item 

Deleted 

F1: Adequate site space and the site layout are cleared for materials 

movement 

0.601 0.960 

F3: Efficient use of materials and minimizing the uneconomical 

cutting shapes and length 

0.630 0.960 

F4: Implementing proper method statement for each activity, 

including minimizing waste from application processes 

0.655 0.960 

F5: Minimizing rework at the construction site 0.595 0.960 

F6: Bins are installed on every floor 0.430 0.961 

F7: Setting up separated bins according to the waste type and sort out 

waste at the site 

0.565 0.961 

F8: Storing construction waste in easily accessible areas 0.605 0.960 

G1: Effective document control of CWM, including tracking the 

amounts and kinds of CW generated 

0.646 0.960 

G2: Detailed study and thorough understanding of specifications and 

drawings 

0.654 0.960 

G3: Professional quality management and certification (e.g., ISO, 

GREEN, etc.) 

0.590 0.960 

G4: Keeping lessons learned repository about CWM 0.649 0.960 

G5: Preventing shop drawing detailing errors (i.e., implementing a 

proper process check) 

0.657 0.960 

G6: Minimizing design changes during construction 0.539 0.961 

G7: Minimizing variation orders (VO) 0.541 0.961 

Note: 1) *To be compared with Cronbach’s alpha of 0.961; **Correlation < 0.300. 

          2) Excluded ‘F2’ 

 

6.2 Exploratory Factor Analysis  

This study used exploratory factor analysis (EFA) to reduce all attributes into a 

more manageable grouping (Bandalos et al., 2018; Hair et al., 2019; Williams et al., 

2010). R-factor analysis or Q-factor analysis is often used to carry out EFA. In contrast 

to the Q-type, which deals with grouping many individuals into separate groups within 

a broader population, the R-type factor analysis finds a latent dimension within a wide 

range of attributes (Hair et al., 2019). Since the primary goal of this analysis stage was 

to aggregate attributes into a new set of composite dimensions rather than categorizing 

individual respondents, the most popular R-type was selected. According to Gerbing et 

al. (1988), EFA is beneficial as a first analysis when there isn't a sufficiently thorough 

theory explaining how attributes relate to the underlying construct. Since these 

attributes had not been thoroughly operationalized within the construction context, EFA 
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was deemed necessary even though the majority of the measured attributes in the 

construct were drawn from earlier research and a thorough literature review. Detailed 

explanations of the analysis are given in subsequent sections. 

 

6.2.1 Data factorability  

The appropriateness of the data to be factorized regarding the intercorrelation 

between the attributes is referred to as factorability. Large values for the correlation 

were required in a factorable correlation matrix since it was assumed that all of the 

attributes included in the analysis measured the same underlying construct (Hair et al., 

2019). To assess the factorability of such a matrix, two often used methods are Bartlett’s 

test of sphericity and the Kaiser-Meyer-Olkin measure of sample adequacy (KMO) 

(Pett et al., 2003). 

Table 6.2 shows that the sample adequacy was demonstrated by the Kaiser-Meyer-

Olkin (KMO) value of 0.945, which is significantly higher than the minimum 

acceptable level of 0.60 (Shrestha, 2021). Furthermore, the 304 cases in this study 

exceeded the prerequisite of having at least five times as many cases as the attributes to 

be examined and satisfied the minimum acceptable sample size of 100 (Hair et al., 

2019). For this study, a total of 43 x 5 = 215 samples were needed. Subsequently, 

suitable correlations between the attributes included in the analysis were suggested by 

the very significant results of Bartlett’s test of sphericity statistic at the p < 0.001 level 

(Field, 2013). These results supported the conducted EFA’s factorability (Hair et al., 

2019). 

 

Table 6.2 KMO and Bartlett's Test of Sphericity 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.945 

Bartlett's Test of Sphericity Approx. Chi-Square 8298.550 

df 861 

Sig. 0.000 
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6.2.2 Factor extraction and rotation  

The EFA involves two critical processes to produce a good solution that explains a 

sufficient number of factors representing a construct: (1) factor extraction and (2) factor 

rotation and interpretation (Hair et al., 2019; Pett et al., 2003). The study used “Principal 

Component Analysis (PCA)” for factor extraction, a commonly used technique to 

identify the factors required to reflect the structure of the attributes. The following 

requirements were used in the extraction process: Four requirements were identified: 

“(1) Latent root (eigenvalue) criterion; (2) Cattell’s scree test; (3) the percentage of 

variance criterion; and (4) a priori criterion” (Hair et al., 2019; Pett et al., 2003). Factors 

with eigenvalues larger than one are deemed significant by the Latent Root Criterion, 

whereas those with eigenvalues less than one are excluded. Using a graphic 

representation of eigenvalues against the number of factors, the Cattell’s scree test 

determines the maximum number of factors to be retrieved by looking for a sudden 

change in slope (Cattell, 1965; Hair et al., 2019; Kim et al., 1978). In social science 

research, a solution that explains sixty percent (or less) of the total variance is typically 

considered by the percentage of variance criterion, which guarantees practical 

significance. The a priori criterion involves knowing the number of factors prior to 

analysis, which is suitable for replicating another researcher’s findings. Hair et al. 

(2019) advise combining theoretical foundations with empirical data to find the right 

number of factors. 

It was critical to look at the attributes loadings onto these factors after the factors 

were extracted (Field, 2013). Factors rotation was used for more straightforward and 

significant solutions; Varimax orthogonal rotation was the favoured technique (Hair et 

al., 2019; Tabachnick et al., 2007). To assure practical importance upon rotation, a cut-

off factor loading of 0.45 was used (Chinda, 2016; Soewin et al., 2022; Taherdoost et 

al., 2022; Williams et al., 2010). 

The scree plot suggested extracting five components or factors (Cattell, 1965; Hair 

et al., 2019; Kim et al., 1978), explaining 59.781% of the total variance, slightly below 

the recommended threshold of 60%, which is fully accepted. Following these results, 

EFA was conducted by specifying the number of factors to be extracted (Field, 2013), 

removing four attributes (B1, E2, F1, and F3). The remaining 39 attributes were 
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retained for subsequent analysis. The following sections provide an in-depth review of 

the EFA’s findings. 

 

6.2.3 EFA results 

The EFA was conducted using SPSS version 27 on a dataset of 304 responses 

comprising 42 attributes. The analysis utilized standard techniques and criteria to 

identify underlying factor structures, as mentioned in Section 6.2. The results evaluated 

using the scree test (see Figure 6.1) revealed five distinct factors that accounted for 

59.079% of the total variance, which is considered acceptable given the recommended 

threshold of 60%. Most attributes exhibited significant factor loadings, exceeding the 

threshold of 0.50, except for 13 attributes (E1, E2, E3, C6, E4, C3, C5, B1, G5, F5, F3, 

F1, and G1) showing low loadings or cross-loading issues. Consequently, these 

attributes were removed, resulting in 29 retained attributes. These retained attributes 

were grouped into five factors, labeled as (1) Governance and policies (GP); (2) 

Materials and equipment (ME); (3) Requirements and specifications (RS); (4) 

Construction information systems (CIS); and (5) Waste collection facilities (WCF). 

These attributes were assigned new codes based on the EFA results. The cumulative 

variance supports the appropriateness of the factor solution. Furthermore, the internal 

consistency, measured by Cronbach’s alpha at 0.945, was substantial, exceeding the 

commonly accepted threshold of 0.70. Table 6.3 presents the rotated factor loadings 

for the refined 29 attributes and their respective factors. Table 6.4 and Figure 6.2 

represent the core concepts for naming factors aligning with CWM. 
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Figure 6.1 Scree plot 

Table 6.3 Rotated factor loadings 

Attributes: Description 
Rotated Component 

1 2 3 4 5 

GP Governance and policy:  

GP1 A6: Properly following a WM plan  0.831         

GP2 A5: Supervision of WM activities with clear instructions  0.805         

GP3 C1: Establishment of a strict CWM policy within the 

company (including the CWM system)  

0.717         

GP4 A4: Implementing an effective organizational structure 

for WM  

0.700         

GP5 A7: Monitoring and auditing waste management systems 

periodically (e.g., every 3 months)  

0.687         

GP6 C2: Establishment of an appropriate WM plan in the 

earlier stage of each construction project  

0.678         

GP7 A3: Senior management's commitment to implementing 

waste management (WM) practices  

0.674         

GP8 A1: Effective site management  0.643         

GP9 C4: Including subcontractor responsibilities for WM 

targets in the contract  

0.626         

GP10 A2: Effective communication with all stakeholders  0.570         

ME Materials and equipment:  

ME1 D6: Precise on-site material control (e.g., inspecting the 

materials when they arrive, etc.) 

 
0.834 

   

ME2 D5: Adequate protection of material transportation and 

handling (loading and unloading) 

 
0.766 

   

ME3 D7: Adequate protection of different categories of 

materials during storing and stacking 

 
0.730 

   

ME4 D8: High level of security at the project site (i.e., prevent 

theft and loss of materials) 

 
0.710 

   

ME5 D4: Adopting Just in Time (JIT) delivery system 
 

0.658 
   

ME6 D1: Precise material purchasing (i.e., preventing order 

errors, right sizes and quantities) 

 
0.657 
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Attributes: Description 
Rotated Component 

1 2 3 4 5 

ME7 D3: Using quality, durable, and standardized materials 

(i.e., according to specification) 

 
0.652 

   

ME8 D2: On-time and accurate quantification of materials/bills 

of quantities 

 
0.639 

   

RS Requirements and specifications:  

RS1 G6: Minimizing design changes during construction   0.758 
 

  

RS2 G7: Minimizing variation orders (VO)   0.699 
 

  

RS3 G2: Detailed study and thorough understanding of 

specifications and drawings 

  0.546 
 

  

RS4 F4: Implementing proper method statement for each 

activity, including minimizing waste from application 

processes 

  0.495 
 

  

CIS  Construction information systems: 

CIS1 E5: Utilizing Building Information Modeling (BIM) for 

the project and be familiar with its application 

   0.743 
 

CIS2 E6: Utilizing other related information technologies for 

the project and be familiar with their application 

   0.682 
 

CIS3 G3: Professional quality management and certification 

(e.g., ISO, GREEN, etc.) 

   0.605 
 

CIS4 G4: Keeping lessons learned repository about CWM    0.506 
 

WCF Waste collection facilities:  

WCF1 F6: Bins are installed on every floor     0.788 

WCF2 F8: Storing construction waste in easily accessible areas     0.665 

WCF3 F7: Setting up separated bins according to the waste type 

and sort out waste at the site 

    0.638 

Note: Cumulative variance explained = 59.781%; KMO=0.945; Cronbach’s alpha = 0.945 

13 attributes were removed (E1, E2, E3, C6, E4, C3, C5, B1, G5, F5, F3, F1, G1) due to 

cross-loading and factor loading less than 0.5 

29 attributes remained 

 

Table 6.4 Core concepts for naming factors aligning with CWM  

No. Name of factor References  

1 Governance and policy (GP) (Bao et al., 2021; Cha et al., 2009; Newaz et al., 

2022; Yeheyis et al., 2012) 

2 Material and equipment (ME) (Cha et al., 2009; Kolaventi et al., 2018a; 

Kolaventi et al., 2020; Yeheyis et al., 2012) 

3 Requirements and specifications (RS)  

 

(Ajayi et al., 2018; Cha et al., 2009; Kolaventi et 

al., 2020; Poon et al., 2004) 

4 Construction information system (CIS) (Cha et al., 2009; Kolaventi et al., 2018a; 

Menegaki et al., 2018) 

5 Waste collection facilities (WCF)  (Doust et al., 2020; Wang et al., 2010; Yeheyis et 

al., 2012) 
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EFQM Model  

NAMING FACTORS ALIGNING 
WITH INTERNATIONAL 

STANDARDS 

ISO 9001-2015

1. Leadership

1. Governance and policy (GP)

1. Leadership 

2. Policy and strategy

2. Material and equipment (ME)

2. Planning 

3. People

3. Requirements and 

specifications (RS)

3. Support 

4. Partnership and resources

4. Construction information 

system (CIS)

4. Operation 

5. Processes

5. Waste collection facilities 

(WCF)

5. Performance evaluation 

6. Customer results 6. Improvement 

7. People Results

8. Society results

9. Key performance results

MBNQA Model  

1. Leadership

2. Strategic planning

3. Customer and market focus

4. Measurement, analysis, and 

knowledge management

5. Workforce focus

6. Process management

7. Results

Note: 

· MBNQA: Malcolm Baldrige National Quality Award

· EFQM: European Foundation for Quality Management 

 

Figure 6.2 Naming factors aligning with international standards 

(Adaped from Bou-Llusar et al. (2009); Young Kim et al. (2010)) 

 

6.2.4 Summary of EFA results 

In summary, the EFA’s result showed that, after 13 attributes were eliminated from 

the 42 data sets, 29 attributes were retained for subsequence analysis. The EFA 

generated five factors, namely, (1) Governance and policy (GP), comprising 10 

attributes; (2) Material and equipment (ME), comprising of 8 attributes; (3) 

Requirements and specifications (RS), comprising 4 attributes; (4) Construction 

information system (CIS), comprising 4 attributes; and (5) Waste collection facilities 

(WCF), comprising 3 attributes. 



143 

 

 

The cumulative proportion of the variance extracted, 59.781%, provided evidence 

for the correctness of the factor solution. Furthermore, the internal consistency of 

Cronbach’s alpha coefficient was strong, exceeding the 0.70 threshold. 

 

6.2.5 Test of common method variance  

Using Harman’s one-factor test, the EFA was employed to assess common method 

variance and determine the number of factors (Harman, 1976). If one general factor or 

one factor from the factor analysis accounts for a majority of the covariance among the 

attributes, then this method finds considerable common method variance (Harman, 

1976; Podsakoff et al., 1986). 

Using criteria comparable to the previous factor analysis, the EFA was applied to 

all 29 attributes in order to conduct the test. A total of 29 components (attributes) were 

extracted, according to the results as shown in Table 6.5. The first attribute explained 

39.825 percent of the total, less than the 50% threshold (Aguirre-Urreta et al., 2019; 

Eichhorn, 2014). This finding suggests the common method variance in this study was 

not significantly concerned.  

 

Table 6.5 EFA results for common method variance 

Component 

Initial Eigenvalues 

Total % of Variance Cumulative % 

1 11.549 39.825 39.825 

2 3.065 10.570 50.394 

3 1.655 5.706 56.100 

4 1.524 5.255 61.356 

5 1.081 3.729 65.084 

6 0.860 2.965 68.049 

7 0.794 2.737 70.786 

8 0.694 2.392 73.178 

9 0.681 2.348 75.526 

10 0.600 2.068 77.594 

11 0.585 2.016 79.610 

12 0.555 1.914 81.524 

13 0.506 1.745 83.269 

14 0.484 1.669 84.938 

15 0.426 1.468 86.407 

16 0.404 1.394 87.801 
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Component 

Initial Eigenvalues 

Total % of Variance Cumulative % 

17 0.388 1.337 89.138 

18 0.374 1.290 90.428 

19 0.350 1.206 91.634 

20 0.338 1.164 92.797 

21 0.303 1.043 93.841 

22 0.288 0.994 94.835 

23 0.270 0.932 95.767 

24 0.263 0.906 96.672 

25 0.217 0.749 97.421 

26 0.207 0.715 98.136 

27 0.203 0.700 98.835 

28 0.185 0.639 99.475 

29 0.152 0.525 100.000 

 

6.3 Confirmatory factor analysis  

Two consecutive procedures were used to assess the measuring scale's validity and 

reliability: (1) Exploratory Factor Analysis (EFA) and (2) Confirmatory Factor 

Analysis (CFA) (Bandalos et al., 2018; Hair et al., 2019), as stated in the previous 

section. EFA is regarded as an exploratory method even though it assisted in 

determining the number of factors and supported the validity of the underlying 

measuring scales. This is due to the fact that EFA does not offer an in-depth assessment 

of unidimensionality and construct validity, which are crucial elements of measurement 

theory (Gerbing et al., 1988; Hair et al., 2019). According to Gerbing et al. (1988); Hair 

et al. (2019), unidimensionality indicates the existence of a single construct underlying 

a set of measured attributes, whereas construct validity refers to the degree to which 

measured attributes accurately reflect the theoretical construct. A modern analytical 

technique called confirmatory CFA was used to test construct validity and 

unidimensionality thoroughly. Because it offers a stricter interpretation, CFA is chosen 

over exploratory approaches (e.g., item-total correlation and EFA) (Bandalos et al., 

2018; Gerbing et al., 1988). CFA effectively assesses how well an established factor 

structure and the loading pattern that goes along with it fit the data that was examined 

(Hair et al., 2019; Kline, 2023). It could improve an established theoretical framework, 

validate a well-established structure, and assess dimensional consistency among 
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different populations (DiStefano et al., 2005). CFA was used to further refine and 

validate the identified factor structure after the initial EFA-identified factor structure. 

In order to determine unidimensionality and construct validity, this procedure 

comprised assessing how well the factor structure appropriate the data and analyzing 

model parameters (Hair et al., 2019). In order to show how the measured attributes 

reflected a latent factor, the factor structure was presented as a CFA model (Hair et al., 

2019). Although the EFA and CFA model specifications were similar, the primary 

distinction was that the CFA model required prior specification of the number of factors 

and the correlations between the attributes and factors (Hair et al., 2019). The details of 

the analysis are elaborated on in subsequent sections.  

 

6.3.1 Assessment of model fit and estimation methods   

CFA’s principal characteristic lies in its ability to assess how well the specified 

factor model represents the data. This evaluation is conducted through an examination 

of model fit indices. Generally, a model is accepted if the fit indices indicate goodness; 

however, rather than being rejected, a model with unsatisfactory fit indices is typically 

respecified to improve its fit. Fit indices are commonly categorized as either absolute 

or incremental (Hair et al., 2019; Hoyle, 1995; Kline, 2023), as outlined below. 

(1) Absolute fit indices: These indices concern the extent to which the hypothesized 

model reproduces the sample (Hair et al., 2019; Shah et al., 2006). The Chi-square (χ2) 

statistic is a fundamental index in this category, incorporating values such as χ2, degrees 

of freedom (df), and significance level (p-value). Conventionally, a non-significant χ2 

suggests model-data fit acceptance, while a significant χ2 (p < 0.05) implies the model 

did not fit the data and is recommended for rejection. However, interpreting χ2 is 

complex due to various issues, such as sensitivity and bias in large sample sizes (Hoyle, 

1995, 2012; Kline, 2023). Therefore, alternative fit indices like relative Chi-square 

(χ2/df), goodness-of-fit index (GFI), adjusted-goodness-of-fit index (AGFI), 

standardized root mean square residual (SRMR), and root mean square error of 

approximation (RMSEA) have been introduced to quantify model fit (Hair et al., 2019; 

Kline, 2023; Shah et al., 2006). 
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(2) Incremental fit indices: These indices assess how well the model performs 

compared to alternative models, such as the null model and a model perfectly fitting 

the data (Hair et al., 2019; Hoyle, 1995; Shah et al., 2006). Normed-fit index (NFI), 

Tucker-Lewis index (TLI), comparative-fit index (CFI), and incremental-fit index (IFI) 

are popular in this category (Hair et al., 2019; Kline, 2023). 

An appropriate estimation method is necessary to compute model parameters and 

fit indices accurately. Various methods are available, including maximum likelihood 

(ML), generalized least square (GLS), weighted least square (WLS), asymptotically 

distribution-free (ADF), and ordinary least square (OLS) (Hair et al., 2019; Kline, 2023; 

Shah et al., 2006).  The choice depends on data distribution, model complexity, and 

sample size. ML is widely used, followed by GLS, which assumes both univariate and 

multivariate normality (Hoyle, 1995). WLS and ADF do not require normal distribution 

but demand a large sample size. OLS is robust but lacks fit indices and standard errors 

(Shah et al., 2006). 

As outlined in Section 5.3.2, the data utilized in this study was univariate normal 

distribution. It is important to note that the assumption of multivariate normal 

distribution of the data was likely violated, given that univariate normality is a 

prerequisite for multivariate normality. Regarding the sample size concern, including 

304 cases in this study was deemed substantial for both EFA and CFA (Kline, 2023). 

Considering these data characteristics, Maximum Likelihood (ML) was considered the 

most appropriate estimation method, given that ML requires univariate normality in 

data distribution (Hoyle, 1995). Additionally, the data characteristics justified using 

specific model fit indices, including χ2/df, GFI, TLI, CFI, IFI, and RMSEA. A 

simulation conducted by Shah et al. (2006) suggested that these fit indices are not 

substantially biased even under conditions of nonnormality when employing the ML 

estimation method. To assess the model fit acceptability, all six indices were evaluated 

against the following criteria: (1) χ2/df < 3.0 (Hair et al., 2019; Kline, 2023); (2) GFI > 

0.8: reasonable fit (Cheng, 2011; Doll et al., 1994); (3) TLI > 0.9 (Hoyle, 1995; Kline, 

2023; Xia et al., 2019); (4) CFI >0.90 (Hoyle, 1995; Kline, 2023; Xia et al., 2019); (5) 

IFI > 0.90 (Browne et al., 1992; Hoyle, 1995; Kline, 2023); and RMSEA < 0.08 

(Browne et al., 1992; Hair et al., 2019; Xia et al., 2019).  
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6.3.2 Assessment of construct validity and unidimensionality 

Assessing construct validity through CFA concerning both convergent validity and 

discriminant validity. Convergent validity is about assessing the extent to which 

measured attributes within a specific construct share a substantial amount of common 

variance, while discriminant validity is about the distinctiveness of a construct from 

others (Hair et al., 2019). 

Convergent validity assessment focused on the magnitude and significance of 

standardized factor loadings. Larger factor loadings with corresponding significant t-

values provide stronger evidence that the measured attributes accurately represent the 

underlying construct (Bollen, 1989). As a guideline, Hair et al. (2019) suggest factor 

loadings exceeding 0.50 as a guideline. Koufteros (1999) argues that significant t-

values alone suffice to demonstrate convergent validity. Additionally, attributes should 

exhibit adequate reliability, assessed by examining the value of R2 (squared multiple 

correlation, SMC). Bollen (1989) and Kline (2023) recommend R2 values greater than 

0.50 to demonstrate acceptable reliability. Kline (2023) suggests assessing the 

correlation coefficient between each pair of factors for discriminant validity. If the 

correlation coefficient is excessively high (i.e., exceeding 0.850), the factors may 

represent the same concept and should be considered as a single factor.  

Unidimensionality indicates that attributes load on only one construct and can be 

assessed through model fit indices (Koufteros, 1999). Unidimensionality can be 

established if the model fit indices, considering all factors specified for loading on a 

single construct, and meets the criteria mentioned above satisfactorily. The subsequent 

section presents the initial and final CFA results. 

 

6.3.3 CFA results 

The AMOS program (version 24), an extension of SPSS, was utilized for the CFA, 

with the default use of the covariance matrix as input data (Kline, 2023; Shah et al., 

2006). The findings, presented in Table 6.6, include factor loadings, t-values, and 

significance levels for each attribute to assess convergent validity, while R2 values 

measure attributes’ reliability.  
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The initial CFA results showed that most fit indices were close to their 

recommended thresholds. However, two attributes (GP10 and GP8) had very low R² 

values of 0.329 and 0.377, respectively. These two attributes were thus removed to 

enhance the model fit, and the model was re-estimated with 27 attributes. 

The final CFA results depicted in the standard measurement model (Figure 6.3), 

demonstrated an improvement in all fit indices: χ² = 861.88, df = 314, χ²/df = 2.745, 

GFI = 0.821, TLI = 0.876, CFI = 0.889, IFI = 0.890, NFI = 0.837, RMSEA = 0.076, 

and SRMR = 0.072. The χ²/df ratio was acceptable, falling below the threshold of 3.00. 

The GFI and NFI were above the threshold of 0.80, and the TLI, CFI, and IFI were 

close to the threshold of 0.90, while the RMSEA and SRMR were within the threshold 

of 0.08, indicating acceptable model fit (refer to Table Table 3.4 for reference). All 

factor loadings ranged from 0.639 to 0.853, exceeding the 0.50 threshold, and were 

significant at p < 0.001, suggesting convergent validity. The R² values were either 

greater than or close to 0.50, indicating the reliability of the attributes. Furthermore, the 

discriminant validity of the construct was supported, as all correlation coefficients 

between each pair of factors ranged from 0.437 to 0.665 (Table 6.7), which were less 

than 0.850, thereby upholding unidimensionality. 

In summary, the factor structure specified by the EFA was refined and confirmed 

by the final CFA results, as shown in Table 6.8. The final Cronbach’s alpha value, 

which indicated the reliability of the construct, was high at 0.949. Therefore, the CFA 

process produced the final factor structure that is sufficiently reliable, valid, and 

unidimensional, consisting of five factors with 27 attributes. 

 

Table 6.6 CFA results  

Factors/ Attributes Factor loadings t-value (C.R)  R2 

1. Governance and policies (GP) 

GP1 0.849 f.p. 0.722 

GP2 0.853 18.828 0.728 

GP3 0.751 15.389 0.564 

GP4 0.724 14.577 0.524 

GP5 0.774 16.107 0.599 

GP6 0.758 15.611 0.575 

GP7 0.675 13.224 0.455 

GP9 0.716 14.346 0.512 

2. Materials and equipment (ME) 

ME1 0.821 f.p. 0.675 

ME2 0.776 15.359 0.603 
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Factors/ Attributes Factor loadings t-value (C.R)  R2 

ME3 0.804 16.116 0.646 

ME4 0.672 12.674 0.451 

ME5 0.712 13.664 0.507 

ME6 0.731 14.145 0.534 

ME7 0.731 14.142 0.534 

ME8 0.718 13.823 0.516 

3. Requirements and specifications (RS) 

RS1 0.836 f.p. 0.699 

RS2 0.809 15.104 0.654 

RS3 0.677 12.25 0.458 

RS4 0.639 11.417 0.408 

4. Construction information systems (CIS) 

CIS1 0.788 f.p. 0.622 

CIS2 0.811 14.405 0.658 

CIS3 0.705 12.356 0.497 

CIS4 0.713 12.509 0.508 

5. Waste collection facilities (WCF) 

WCF1 0.699 f.p. 0.488 

WCF2 0.773 11.266 0.597 

WCF3 0.791 11.413 0.625 

Note: f.p., fixed parameter for estimation; ***p < 0.001. 

          GP10 and GP8 were removed due to the low R² value 

 

Table 6.7 Correlation between factors of CFA results  

Correlation between factors  

GP <--> ME 0.480 

GP <--> WCF 0.623 

GP <--> RS 0.437 

GP <--> CIS 0.636 

ME <--> RS 0.665 

ME <--> CIS 0.577 

ME <--> WCF 0.506 

RS <--> CIS 0.657 

RS <--> WCF 0.471 

CIS <--> WCF 0.627 
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Figure 6.3 CFA measurement model 
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Table 6.8 Model fit indices   

Fit indices  Threshold and references  
Initial  

model 

Final  

model  

Chi-square(χ2)  - 1,037.96 861.88 

Df - 367 314 

p-value - 0.00 0.00 

x2/Df < 3 (Hair et al., 2019; Kline, 2023) 2.828 2.745 

GFI > 0.8 (Cheng, 2011; Doll et al., 1994) 0.803 0.821 

TLI > 0.9 (Hoyle, 1995; Kline, 2023; Xia et al., 2019) 0.860 0.876 

CFI > 0.9 (Hoyle, 1995; Kline, 2023; Xia et al., 2019) 0.873 0.889 

IFI > 0.9 (Hoyle, 1995; Kline, 2023) 0.874 0.890 

NFI  > 0.8 (Bentler et al., 1980; Simon et al., 2010) 0.818 0.837 

RMSEA < 0.08 (Hair et al., 2019; Xia et al., 2019) 0.078 0.076 

SRMR < 0.08 (Bagozzi et al., 2012; Hu et al., 1999) 0.074 0.072 

 

6.3.4 Summary of CFA results  

In summary, the factor structures identified in the EFA were validated by the CFA 

results, with just two attributes eliminated to improve model fit indices, as shown in 

Table 6.9. The final Cronbach’s alpha value, which showed the construct’s 

dependability, was remarkably high at 0.949. Construct validity was confirmed by the 

significant and substantial loadings that every attribute showed on its corresponding 

factor with acceptable reliability. Furthermore, every fit index showed positive 

outcomes, supporting the model construct’s unidimensionality. So, the comprehensive 

CFA processes produced final factor structures that were sufficiently reliable, valid, 

and unidimensional for the model construct.  

 

Table 6.9 Summary of CFA results  

Factors 

Number 

of  

attributes 

Model Fit Indices  

EFA CFA χ2 df χ2 /df GFI TLI CFI IFI NFI RMSEA SRMR 

Governance and policies (GP) 10 8 861.884 314 2.745 0.821 0.876 0.889 0.890 0.837 0.076 0.072 

Materials and equipment (ME) 8 8           

Requirements and 

specifications (RS) 
4 4           

Construction information 

systems (CIS) 
4 4           

Waste collection facilities 

(WCF) 
3 3                     

Total  29 27                     

Note: Final Cronbach’s alpha (α) = 0.949 



 

 

 

CHAPTER 7 

BEST WORST METHOD FOR WEIGHING ATTRIBUTES  

 

7.1 Introduction   

The analysis and results of the study were presented in two parts: the demographic 

profile of the expert participants and the BWM pairwise comparison. The demographic 

information of the construction professional experts was based on the experts’ 

backgrounds in the pairwise comparison interview. The second part focused on the 

analysis and results of the BWM pairwise comparison, which determined the local and 

global weights of the attributes influencing CWM performance for contractors in 

building construction. 

 

7.2 Demographic information of experts  

The experts involved in this study comprised 10 experienced construction 

professionals from Cambodia and Thailand (five from each country). Most of the 

experts (6 out of 10) were project managers, while the positions of managing director, 

technical director, project architect, lecturer, and researcher in construction 

management accounted for one. All the experts had more than 10 years of experience 

in the building construction industry and were involved in CWM in building 

construction projects. Among them, five had 10-15 years of experience, two had 16-20 

years of experience, and three had over 20 years of experience. The educational 

backgrounds of the experts included at least a Bachelor of Engineering degree. Most 

experts (6) hold a Master of Engineering in construction engineering management or 

civil engineering, followed by a Bachelor of Engineering (3) and a Ph.D. in construction 

engineering and management (1). Most experts also held professional qualifications. 

Specifically, six were Professional Engineers (PE). At the same time, the remainder 

held qualifications such as Professional Safety Management, ASEAN Chartered 

Professional Engineer (ACPE), APEC Engineer, Associate Professional Architect, 
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Registered Civil Engineer, or none. The details of the experts’ demographic information 

are presented in Table 7.1.  

 

Table 7.1 Detailed of experts’ demographic 

Expert 

No. 
Position 

Years of 

experiences 
Education level   

Professional 

qualification  
Country 

1 Managing 

director  

11 B.Eng. in Civil 

engineering   

Professional engineer  Cambodia 

2 Project architect  10 M.Eng. in Housing 

management  

Associate professional 

architect  

Thailand  

3 Lecturer and 

researcher in 

CEM  

25 Ph.D. in Construction 

engineering and 

management  

Professional engineer Thailand  

4 Project manager  11 M.Eng. in Civil 

engineering   

Professional engineer Cambodia 

5 Technical 

director  

18 B.Eng. in Civil 

engineering  

Registered civil engineer  Cambodia 

6 Project manager  14 M.Eng. in Civil 

engineering   

Registered civil engineer  Cambodia  

7 Project manager  11 M.Eng. in Construction 

engineering and 

management  

Professional engineer and 

Professional safety 

management  

Thailand  

8 Project manager  20 M.Eng. in Construction 

engineering and 

management  

Professional engineer, 

ACPE, APEC engineer  

Thailand  

9 Project manager  25 B.Eng. in Civil 

engineering  

None  Cambodia 

10 Project manager  22 M.Eng. in Civil 

engineering   

Professional engineer Thailand  

 

7.3 Result of pairwise comparisons  

7.3.1 Local weight   

The pairwise comparison inputs obtained from each expert were analyzed. The first 

step was to determine the local weight of each attribute and factor using the BWM 

Solvers (Rezaei, 2015, 2016, 2022). The local weights were calculated for 27 attributes 

across five factors: eight attributes for “Governance and policies”, eight attributes for 

“Materials and equipment”, four attributes for “Requirements and specifications”, four 

attributes for “Construction information systems”, and three attributes for “Waste 

collection facilities”. The local weights were calculated separately from the pairwise 

comparison inputs provided by each expert, and the average local weights of attributes 

were determined by taking the geometric mean of the local weights across all experts. 

The same approach was used to calculate the local weights for all five factors. The local 
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weights were calculated separately for all attributes within each of the five factors and 

for the five factors themselves. The local weight represents the relative importance of 

each attribute within its respective factor, and the local weight of each factor represents 

its relative importance within the overall contractors’ CWM performance in building 

construction. Calculating the local weights formed the basis for further determining the 

global weights of each attribute in the overall hierarchy. The results of the local weight 

for each factor and attribute are presented in Table 7.2 and Table 7.3, respectively.  

 

Table 7.2 Local weights of factors by geometric mean  

Code  Factors  

Local weight of factors  

Expert number  
Geometric 

mean 

1 2 3 4 5 6 7 8 9 10  

GP Governance and 

policies 

0.32 0.36 0.36 0.45 0.48 0.35 0.45   0.27 0.35 0.41 0.377 

ME Materials and 

equipment 

0.32 0.11 0.20 0.17 0.18 0.13 0.17 0.27 0.21 0.15 0.183 

RS Requirements 

and 

specifications 

0.12 0.40 0.20 0.13 0.08 0.06 0.17 0.31 0.21 0.15 0.160 

CIS Construction 

information 

systems 

0.06 0.04 0.11 0.08 0.14 0.10 0.08 0.08 0.09 0.06 0.079 

WCF Waste 

collection 

facilities 

0.18 0.09 0.13 0.17 0.11 0.35 0.13 0.06 0.14 0.23 0.142 

 

7.3.2 Global weight   

The global weight of each attribute from each expert was calculated. The local 

weights of attributes under each factor were multiplied by the local weights of their 

respective factors to calculate the global weights. The global weights were calculated 

using the geometric mean for each attribute. However, the sum of the global weights of 

all attributes was 0.82 or 82%. Therefore, the global weight of each attribute was 

normalized to ensure the sum is 1.00 or 100% (Chitsaz et al., 2017; Rezaei, 2015; Saaty, 

2004). These normalized global weights are also known as standardized weights, and 

the sum of all standardized weights was equal to 1.00 or 100%, representing the 

finalized weight of each attribute (Chitsaz et al., 2017). The global weights of the 

attributes, including the normalized or standardized global weights, are presented in 

Table 7.4.  
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Overall, the analysis of global weights revealed that Governance and policies-

related attributes were the most critical, followed by waste collection facilities and 

requirements and specifications-related attributes. Though still important, the Materials 

and equipment and Construction information systems-related attributes were relatively 

less critical for contractors’ CWM performance. A radar chart, as shown in Figure 7.1, 

presents the standardized global weights of all 27 attributes across the five factors. 

 

Table 7.3 Local weights of attributes by geometric mean 

Code 

(Attributes) 

Local weight of attributes 

Expert number  Geometric mean 

1 2 3 4 5 6 7 8 9 10  

GP 
           

GP1 0.10 0.19 0.03 0.18 0.09 0.08 0.03 0.08 0.10 0.08 0.082 

GP2 0.06 0.07 0.06 0.19 0.06 0.08 0.06 0.03 0.08 0.11 0.071 

GP3 0.19 0.19 0.16 0.19 0.23 0.21 0.3 0.32 0.25 0.08 0.200 

GP4 0.10 0.05 0.09 0.04 0.09 0.14 0.08 0.06 0.06 0.04 0.070 

GP5 0.10 0.11 0.16 0.03 0.09 0.05 0.09 0.07 0.08 0.16 0.085 

GP6 0.19 0.19 0.16 0.21 0.20 0.21 0.13 0.21 0.08 0.08 0.157 

GP7 0.19 0.03 0.16 0.02 0.20 0.08 0.13 0.10 0.08 0.29 0.101 

GP9 0.07 0.19 0.16 0.14 0.03 0.14 0.19 0.14 0.25 0.16 0.130 

ME 
           

ME1 0.25 0.13 0.07 0.08 0.07 0.24 0.32 0.06 0.16 0.07 0.120 

ME2 0.16 0.21 0.11 0.18 0.06 0.11 0.08 0.10 0.04 0.07 0.101 

ME3 0.11 0.25 0.11 0.15 0.10 0.13 0.10 0.13 0.06 0.07 0.113 

ME4 0.06 0.09 0.11 0.06 0.10 0.04 0.07 0.03 0.12 0.03 0.065 

ME5 0.03 0.04 0.03 0.04 0.03 0.05 0.06 0.20 0.03 0.18 0.051 

ME6 0.25 0.09 0.17 0.33 0.21 0.05 0.03 0.07 0.24 0.12 0.122 

ME7 0.08 0.13 0.11 0.08 0.10 0.13 0.21 0.33 0.12 0.12 0.129 

ME8 0.05 0.07 0.28 0.08 0.33 0.24 0.14 0.08 0.24 0.32 0.148 

RS 
           

RS1 0.39 0.09 0.13 0.14 0.13 0.15 0.53 0.47 0.09 0.06 0.169 

RS2 0.39 0.14 0.17 0.14 0.09 0.08 0.31 0.26 0.18 0.08 0.159 

RS3 0.14 0.27 0.45 0.63 0.61 0.54 0.1 0.17 0.36 0.31 0.304 

RS4 0.08 0.50 0.26 0.08 0.17 0.23 0.06 0.11 0.36 0.55 0.179 

CIS 
           

CIS1 0.35 0.55 0.39 0.58 0.53 0.35 0.60 0.33 0.20 0.49 0.417 

CIS2 0.23 0.22 0.36 0.23 0.14 0.11 0.06 0.38 0.15 0.07 0.166 

CIS3 0.16 0.06 0.11 0.06 0.17 0.19 0.11 0.19 0.55 0.26 0.152 

CIS4 0.26 0.16 0.14 0.14 0.17 0.35 0.23 0.10 0.10 0.18 0.168 

WCF 
           

WCF1 0.13 0.11 0.17 0.25 0.13 0.08 0.1 0.17 0.08 0.11 0.124 

WCF2 0.60 0.31 0.29 0.11 0.23 0.67 0.16 0.54 0.38 0.19 0.297 

WCF3 0.27 0.58 0.54 0.64 0.65 0.25 0.74 0.29 0.54 0.70 0.485 
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Table 7.4 Global weights of attributes by geometric mean  
Code 

(Attributes) 

Local weight Global weight 

Attributes Factors Non-normalized Normalized  
GP 

 
0.374 

  
 

GP1 0.082 
 

0.031 0.037  

GP2 0.071 
 

0.026 0.032  

GP3 0.200 
 

0.075 0.091  

GP4 0.070 
 

0.026 0.032  

GP5 0.085 
 

0.032 0.039  

GP6 0.157 
 

0.059 0.072  

GP7 0.101 
 

0.038 0.046  

GP9 0.130 
 

0.049 0.059  

ME 
 

0.186 
 

0.000  

ME1 0.120 
 

0.022 0.027  

ME2 0.101 
 

0.019 0.023  

ME3 0.113 
 

0.021 0.026  

ME4 0.065 
 

0.012 0.015  

ME5 0.051 
 

0.010 0.012  

ME6 0.122 
 

0.023 0.028  

ME7 0.129 
 

0.024 0.029  

ME8 0.148 
 

0.028 0.034  

RS 
 

0.161 
  

 

RS1 0.169 
 

0.027 0.033  

RS2 0.159 
 

0.026 0.031  

RS3 0.304 
 

0.049 0.060  

RS4 0.179 
 

0.029 0.035  

CIS 
 

0.081 
 

  

CIS1 0.417 
 

0.034 0.041  

CIS2 0.166 
 

0.013 0.016  

CIS3 0.152 
 

0.012 0.015  

CIS4 0.168 
 

0.014 0.017  

WCF 
 

0.135 
  

 

WCF1 0.124 
 

0.017 0.021  

WCF2 0.297 
 

0.040 0.049  

WCF3 0.485 
 

0.066 0.080  

  
 

Total 0.820 1.000  
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Figure 7.1 Standardized global weight of all 27 attributes   

 

7.3.3 Ranking of attributes 

The attributes were ranked based on their standardized global weights, with the 

highest-weighted attribute ranked first and the lowest ranked last. The five attributes 

with highest standardized global weights were GP3 “Establishment of a strict CWM 

policy within the company” (0.091), WCF3 “Setting up separated bins according to the 

waste type and sort out waste at the site” (0.080), GP6 “Establishment of an appropriate 

WM plan in the earlier stage of each construction project” (0.072), and RS3 “Detailed 

study and thorough understanding of specifications and drawings” (0.060). GP9 

“Including subcontractor responsibilities for WM targets in the contract” (0.059). These 
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top five attributes out of the total 27 had standardized global weights exceeding 0.05 or 

5%. The five attributes with the lowest standardized global weights were ME5 

“Adopting Just in Time delivery system” (0.012), CIS3 “Professional quality 

management and certification” (0.015), and ME4 “High level of security at the project 

site” (0.015). CIS2, “Utilizing other related information technologies for the project 

and be familiar with their application,” and CIS4, “Keeping lessons learned repository 

about CWM”, had standard global weights of 0.016 and 0.017, respectively. The 

remaining attributes had standardized global weights ranging between 0.02 and 0.05. 

The cumulative standardized weight of the top 17 attributes from GP3 to ME7 

accounted for approximately 80% of the total standardized weight, while the remaining 

10 attributes make up the final of approximately 20%. This distribution is reasonable, 

as the majority (over 60%) of the high-weight attributes contributed to 80% of the 

cumulative standardized weight, indicating a sensible weighting allocation. The top-

ranked attribute is GP3: Establishing a strict construction waste management policy 

within the company, while the attribute with the lowest standardized global weight is 

ME5: Adopting a Just-in-Time delivery system. The detailed ranking of the attributes 

is presented in Table 7.5 and Figure 7.2. This suggests that most attributes play an 

essential role in improving CWM. 

 

Table 7.5 Cumulative standardized global weight and ranking of attributes  

Code Standardized global weight Cumulative weight Ranking 

GP3 0.091 0.091 1 

WCF3 0.080 0.171 2 

GP6 0.072 0.243 3 

RS3 0.060 0.303 4 

GP9 0.059 0.362 5 

WCF2 0.049 0.411 6 

GP7 0.046 0.457 7 

CIS1 0.041 0.498 8 

GP5 0.039 0.537 9 

GP1 0.037 0.575 10 

RS4 0.035 0.610 11 

ME8 0.034 0.643 12 

RS1 0.033 0.677 13 

GP2 0.032 0.709 14 

GP4 0.032 0.741 15 

RS2 0.031 0.772 16 

ME7 0.029 0.801 17 

ME6 0.028 0.829 18 

ME1 0.027 0.856 19 
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Code Standardized global weight Cumulative weight Ranking 

ME3 0.026 0.882 20 

ME2 0.023 0.905 21 

WCF1 0.021 0.926 22 

CIS4 0.017 0.942 23 

CIS2 0.016 0.959 24 

CIS3 0.015 0.974 25 

ME4 0.015 0.988 26 

ME5 0.012 1.000 27 

Total  1.000   

 

 

Figure 7.2 Ranking of attributes based on standardized global weight  

 

7.4 Discussion 

The standardized global weights of 27 attributes across five key factors were 

evaluated to assess their impact on contractors’ CWM performance. These factors 

consist of “Governance and Policies (GP), Materials and Equipment (ME), 

Requirements and Specifications (RS), Construction Information Systems (CIS), and 

Waste Collection Facilities (WCF)”. The standardized global weights provide 

insights into the relative effectiveness of these attributes, helping contractors identify 

the focus areas for improving their CWM practices in building construction. 

 

Top 5 high-weight 

Bottom 5 low-weight attributes  
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7.4.1 Overall weight distribution 

The distribution of standardized global weights highlights the prominence of 

governance and policies and waste collection facilities factors in shaping CWM 

outcomes. Governance and policies factors hold the highest cumulative weight (0.37), 

reflecting the central role of strategic planning and regulatory oversight in driving 

CW reduction. This aligns with the literature that emphasizes the importance of clear 

policies and top-level management involvement in setting the foundation for effective 

CWM (Bakshan et al., 2017; Negash et al., 2023; Udawatta et al., 2015; Wang et al., 

2014a). The concentration of weight in governance and policy-related attributes 

suggests that contractors with well-defined WM frameworks are more likely to 

achieve better CWM and construction sustainability goals than those relying on ad-

hoc or reactive approaches. The cumulative weight distribution shows a steep rise 

(Figure 7.2), with the top five attributes accounting for 36.2% of the total 

standardized global weight, implying that a small number of critical attributes 

disproportionately influence overall contractors’ CWM performance. This 

phenomenon is often observed in sustainability frameworks, where the majority of 

impact on the overall comes from a small number of factors (Magon et al., 2018; 

Mahapatra et al., 2021; Pareto, 1935). 

In contrast, the five attributes with the lowest weights, such as those associated 

with construction information systems and materials and equipment factors, have a 

less significant influence on CWM. The low-weight attribute, ME5 “Adopting Just in 

Time delivery system”, accounts for only 1.2% of the total standardized global 

weight, suggesting that while it plays a role, its impact is minimal compared to high-

weight attributes in governance and policies factor. The results show that the top 80% 

of cumulative influence is concentrated in 17 attributes (Table 7.5 and Figure 7.2). 

This suggests a significant prioritization, with the high-weight attributes receiving the 

majority of focus and interventions. However, although contributing less individually, 

low-weight attributes should not be disregarded as they represent critical components 

of a WM strategy, as indicated by studies on comprehensive approaches to 

construction sustainability (Daoud et al., 2021; Li et al., 2022). 
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7.4.2 High-weight attributes 

As shown in Table 7.5 and Figure 7.2, the attributes with the highest standardized 

global weights, GP3 (0.091), WCF3 (0.080), and GP6 (0.072), provide critical 

insights into the essential attributes of contractors’ effective CWM practices. GP3, 

which refers to establishing a strict CWM policy within the company, holds a high 

weight, emphasizing the importance of a formalized and structured approach to 

CWM. This finding aligns with previous research that stressed the need for 

contractors to establish or adopt clear, enforceable WM policies as a foundation for 

improving performance (Bakshan et al., 2017; Kolaventi et al., 2020; Udawatta et al., 

2015). Such policies ensure compliance with regulations and are crucial for 

organisational operational practices. A companywide CWM system enables the 

alignment of CW reduction objectives with overall project goals, thereby reducing 

inefficiencies and CW generation.  

The second high-weight attribute, WCF3, focuses on practical on-site measures 

such as “setting up separate bins according to waste type and sorting waste at the 

site”. This operational step is vital for reducing the amount of mixed waste, improving 

waste separation, enabling reuse, facilitating recycling by third parties, and 

decreasing landfill contributions (Gangolells et al., 2014; Hyvärinen et al., 2020). By 

allowing better waste sorting, contractors can enhance their WM processes and reduce 

disposal costs while improving their sustainable construction practices (Ajayi et al., 

2015; Newaz et al., 2022). The high weight of this attribute indicates that practical, 

on-site waste collection practices are crucial, complementing higher-level governance 

and policies strategies for a comprehensive WM framework.  

The third high-weight attribute, GP6, related to “establishing an appropriate WM 

plan during the early stages of construction,” underscores the role of proactive 

planning in CWM. Early-stage integration of CWM practices ensures that potential 

waste sources are identified and mitigated before they occur. This aligns with 

Kolaventi et al. (2020) and Newaz et al. (2022), who suggested that projects that 

incorporate CWM in their earlier phases are more likely to achieve substantial waste 

reductions, as planning allows for the allocation of necessary resources and the 

development of appropriate mitigation strategies. These high-weight attributes 
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suggest that a combination of strategic governance and policy and practical site-level 

interventions is essential for contractors to enhance CWM performance.  

Additionally, other high-weight attributes, such as RS3, “Detailed study and 

understanding of specifications and drawings”, and GP9 “Including subcontractor 

responsibilities for WM targets in the contract”, further emphasize the importance of 

precise planning and contractual commitments in enhancing WM efforts (Janani et 

al., 2022; Kolaventi et al., 2020; Osmani et al., 2008). These attributes illustrate the 

balance between high-level governance and policy and on-site operational efficiency 

in achieving waste reduction goals. 

 

7.4.3 Low-weight attributes 

Several low-weight attributes, particularly those related to “materials and 

equipment (ME)” and “construction information systems (CIS)”, reflect the less 

significant influence of these factors in the overall CWM framework. The lowest 

weight is assigned to ME5, “Adopting Just in Time delivery system”, with a 

standardized global weight of only 0.012. While Just in Time (JIT) delivery is 

acknowledged as an effective method for reducing overstocking and potential 

material wastage, it appears that its contribution to waste reduction in the context of 

CWM is minimal compared to broader governance and policies initiatives (Daoud et 

al., 2021; Li et al., 2022). This low weight suggests that while JIT has operational 

benefits, its impact on reducing waste at the source may be limited, possibly due to 

the complexity of coordination and logistics required for its implementation. 

Similarly, attributes within the CIS factor, such as CIS3 “Professional quality 

management and certification”, CIS2 “Utilizing other related information 

technologies for the project and be familiar with their application”, and CIS4 

“Keeping lessons learned repository about CWM”, also rank lower in terms of their 

standardized global weight. The relatively low contribution of CIS-related attributes 

could indicate that while technology and certification processes have the potential to 

support CWM efforts, they are not as integral to immediate waste reduction compared 

to governance and policies and waste collection facilities (Andersson et al., 2022; 
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Ghaffar et al., 2020; Kabirifar et al., 2020a). This finding aligns with the view that 

technological solutions in CWM while promising, require more widespread adoption 

and integration into broader WM strategies to have a significant impact (Ajayi et al., 

2015; Akinade et al., 2018; Andersson et al., 2022; Ganiyu et al., 2020). 

It is also noteworthy that ME4, “High level of security at the project site”, with a 

standardized global weight of 0.015, ranks low in the overall distribution. This 

suggests that while securing materials and equipment is essential, it is not a primary 

driver of waste reduction. Effective CWM seems to rely more heavily on early 

planning, systematic governance and policies than preventing theft or loss at the 

project site. Although low-weight attributes contribute less individually, they serve 

as essential components of a comprehensive WM framework, contributing to the 

higher-weight factors by providing operational and technological support where 

necessary (Fernández-Sánchez et al., 2010). 

 

7.5 Chapter Summary  

This chapter presented the evaluation of the weights of 27 attributes across five key 

factors influencing the effectiveness of building contractors’ CWM practices. The study 

in this phase employed MCDA using the BWM based on insights gathered from 

interviews with 10 experts. The findings revealed that the most influential attribute for 

effective CWM is GP3, “Developing a comprehensive CWM policy within the 

organization, including the establishment of a CWM system,” which achieved the 

highest standardized global weight of 0.091. This underscores the pivotal role of robust 

internal policies in fostering consistent and effective CWM practices. Closely following 

this is WCF3, “Setting up segregated bins for different types of waste and sorting waste 

at the construction site,” with a standardized global weight of 0.080, highlighting the 

operational importance of on-site waste segregation as a critical measure to reduce 

construction waste at its source. Other attributes with significant weights include GP6, 

“Establishing an appropriate waste management plan early in the construction project” 

(0.072), and RS3, “Thoroughly reviewing and understanding project specifications and 

drawings” (0.060). These results emphasize the crucial roles of strategic planning and 
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technical precision in the early phases of construction to minimize errors and prevent 

unnecessary waste generation. Additionally, GP9, “Incorporating waste management 

responsibilities and targets for subcontractors into contracts” (0.059), underscores the 

importance of integrating subcontractor accountability into organizational CWM 

objectives to ensure cohesive and effective waste management practices. 

The findings presented in this chapter provide a comprehensive overview of the 

relative importance and weight of 27 attributes across five factors influencing effective 

building contractors’ CWM. 

 

 

  



 

 

 

CHAPTER 8 

MATURITY MODEL DEVELOPMENT  

 

8.1 Definition of each attribute 

To ensure clarity and facilitate accurate assessment of CWM by contractors, the 

specific definitions and measurement boundaries for each attribute are provided in 

Table 8.1. These definitions establish a practical framework for evaluating the 

attributes, enabling consistent interpretation and application in the assessment process. 

 

Table 8.1 Definition of measuring boundary of each attribute 

Code Attributes Description/ measuring boundary 

GP Governance and policy:  

GP1 Properly following a 

WM plan  

Contractors’ effectiveness in consistently implementing the WM 

plan across all building construction projects, ensuring precise 

adherence to the plan and procedures. 

GP2 Supervision of WM 

activities with clear 

instructions  

Contractors’ effectiveness in overseeing and coordinating WM 

activities across all building construction projects, ensuring the 

management team consistently provides clear and precise 

instructions to the project teams. 

GP3 Establishment of a 

strict CWM policy 

within the company 

(including the CWM 

system)  

Contractors’ effectiveness in developing and enforcing a 

comprehensive CWM policy fully integrated into the contractors’ 

overall management system and consistently applied across all 

building construction projects. 

GP4 Implementing an 

effective 

organizational 

structure for WM  

Contractors’ effectiveness in establishing and adhering to an 

organizational structure within their company and projects that 

enhance efficient WM operations across all building construction 

projects. 

GP5 Monitoring and 

auditing waste 

management systems 

periodically (e.g., 

every 3 months)  

Contractors’ effectiveness in conducting regular reviews and 

audits of their WM systems across all building construction 

projects to ensure compliance and foster continuous 

improvement company-wide. 

GP6 Establishment of an 

appropriate WM plan 

in the earlier stage of 

each construction 

project  

Contractors’ effectiveness in ensuring that each construction 

project under their management develops a comprehensive WM 

plan during the early stages of each building construction project, 

adhering to company-wide standards. 

GP7 Senior management’s 

commitment to 

implementing waste 

management (WM) 

practices  

Contractors’ effectiveness in demonstrating strong dedication 

and actively promoting WM practices across all building 

construction projects through senior management. 

GP9 Including 

subcontractor 

Contractors’ effectiveness in incorporating WM obligations and 

targets in contracts with all subcontractors, ensuring their active 
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Code Attributes Description/ measuring boundary 

responsibilities for 

WM targets in the 

contract  

participation and accountability across all building construction 

projects managed by the contractor. 

ME Material and equipment:  

ME1 Precise on-site 

material/ equipment 

control (e.g., 

inspecting the 

materials/ equipment 

when they arrive, etc.) 

Contractors’ effectiveness in implementing on-site controls with 

proper procedures to verify and manage materials/ equipment on 

construction sites across all building construction projects (e.g., 

inspecting the materials upon arrival, checking materials in and 

out of the warehouse or storage).  

ME2 Adequate protection of 

material/ equipment 

transportation and 

handling (loading and 

unloading) 

Contractors’ effectiveness in ensuring the proper handling and 

protection of materials/ equipment during transportation, loading, 

and unloading across all building construction projects. 

ME3 Adequate protection of 

different categories of 

materials/ equipment 

during storing and 

stacking 

Contractors’ effectiveness in implementing adequate measures to 

protect various types of materials/ equipment during storing and 

stacking, ensuring no breakages or mis-categorizations across all 

building construction projects. 

ME4 High level of security 

at the project site (i.e., 

prevent theft and loss 

of materials/ 

equipment) 

Contractors’ effectiveness in enforcing robust security measures 

across all building construction projects to prevent theft, loss, 

unauthorized removal, or misplacement of materials/ equipment. 

This includes installing sufficient CCTV coverage and 

employing security guards at project sites. 

ME5 Adopting Just in Time 

(JIT) delivery system 

Contractors’ effectiveness in implementing a JIT approach across 

all building construction projects to minimize on-site storage 

requirements and reduce waste associated with material/ 

equipment damage due to over-stacking, exposure to 

environmental elements such as rain, wind, and sunlight (e.g., 

steel corrosion, cement degradation), as well as preventing 

materials from outdated (e.g., cement, painting) when stored for 

extended periods at the site. This approach ensures materials and 

equipment are easily accessible when needed, thereby 

minimizing breakage and waste during construction activities. 

ME6 Precise material/ 

equipment purchasing 

(i.e., preventing order 

errors, right sizes and 

quantities) 

Contractors’ effectiveness in ensuring precise/ equipment 

purchasing across all building construction projects by accurately 

ordering materials/ equipment in the correct sizes and quantities 

to prevent surplus and waste. 

ME7 Using quality, durable, 

and standardized 

materials/ equipment 

(i.e., according to 

specification) 

Contractors’ effectiveness in selecting and consistently using 

high-quality, durable, and standardized materials/ equipment that 

meet specified requirements across all building construction 

projects managed by the contractor. 

ME8 On-time and accurate 

quantification of 

materials or equipment 

/bills of quantities 

Contractors’ effectiveness in ensuring timely and accurate 

quantification of materials/ equipment and bills of quantities 

across all building construction projects to facilitate precise 

purchasing and minimize waste. 

RS Requirements and specifications:  

RS1 Minimizing design 

changes during 

construction 

Contractors’ effectiveness in minimizing design changes during 

construction across all building construction projects. This 

involves the Contractors’ capability to effectively communicate 

with stakeholders to limit design change requests or orders, 



167 

 

 

Code Attributes Description/ measuring boundary 

aiming to reduce the frequency and extent of changes during the 

construction phase. 

RS2 Minimizing variation 

orders (VO) 

Contractors’ effectiveness in minimizing VO across all building 

construction projects. This involves the Contractors’ capability to 

negotiate or persuade stakeholders to limit the number of 

changes to the original plan as specified in contractual 

agreements. 

RS3 Detailed study and 

thorough 

understanding of 

specifications and 

drawings 

Contractors’ effectiveness in conducting detailed studies and 

achieving a thorough understanding of project specifications and 

drawings across all building construction projects. This involves 

ensuring that all project teams within the Contractors’ company 

comprehensively review and deeply understand project 

specifications and drawings.  

RS4 Implementing proper 

method statement for 

each activity, 

including minimizing 

waste from application 

processes 

Contractors’ effectiveness in developing and following to 

comprehensive method statements for each construction activity 

across all building construction projects, including minimizing 

waste during application processes.  

CIS  Construction information system: 

CIS1 Utilizing Building 

Information Modeling 

(BIM) for the project 

and being familiar 

with its application 

Contractors’ effectiveness in utilizing BIM across all building 

construction projects to enhance the management of construction 

processes, including improving CWM practices. 

CIS2 Utilizing other related 

information 

technologies for the 

project and being 

familiar with their 

application 

Contractors’ effectiveness in utilizing other relevant information 

technologies (e.g., drones, document control software/apps) 

across all building construction projects to enhance operational 

efficiency and improve CWM practices. 

CIS3 Professional quality 

management and 

certification (e.g., ISO, 

GREEN, etc.) 

Contractor is actively pursuing professional quality management 

certifications (e.g., ISO, GREEN, etc.) to uphold high standards 

in construction management quality or waste management 

practices for building construction professionals. Achieving at 

least one standardized professional quality management 

certification at the company level qualifies a contractor for a 

level 5 maturity rating. For example, the detailed rating 

breakdown for ISO certification: 

• Level 1: The contractors have not applied for ISO certification. 

• Level 2: The contractors have initiated and submitted all 

required documents for obtaining ISO certification. 

• Level 3: Contractors’ ISO application has been received by the 

ISO’s respective organization and is under consideration. If 

the application is rejected at this stage, the contractor 

remains at level 3. If approved, please refer to the level 

definitions below. 

• Level 4: Contractors’ ISO application is approved and is in the 

final stages of obtaining ISO certification but has not yet 

received it. 

• Level 5: The contractors have been issued the ISO 

certification. 
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Code Attributes Description/ measuring boundary 

CIS4 Keeping lessons 

learned repository 

about CWM 

Contractors’ effectiveness in maintaining and utilizing a 

centralized repository of lessons learned about CWM across all 

building construction projects to facilitate continuous 

improvement of CWM for all projects. 

WCF Waste collection facilities:  

WCF1 Bins are installed on 

every floor 

Contractors’ effectiveness in ensuring that waste collection bins 

are installed on every floor of all building project sites managed 

by the contractor to facilitate easy and organized waste collection 

across all construction projects. 

WCF2 Storing construction 

waste in easily 

accessible areas 

Contractors’ effectiveness in designating and maintaining easily 

accessible areas for storing CW across all building construction 

project sites to facilitate easy collection and removal processes. 

WCF3 Setting up separated 

bins according to the 

waste type and sorting 

out waste at the site 

Contractors’ effectiveness in implementing a company-wide 

system of separated bins for different types of waste and 

ensuring that waste is sorted at all building construction project 

sites. 

 

8.2 CW3M maturity model development  

The CW3M maturity level was developed through a structured approach that 

combined a comprehensive literature review, expert verification, factor analysis, multi-

criteria decision-making, model tool development, model implementation, and model 

validation. This model aimed to assess contractors’ performance in CWM within 

building construction projects. The development process began with an extensive 

literature review to identify attributes relevant to effective CWM concerning 

contractors in building construction. This was followed by expert verification, which 

helped verify the list of attributes to be included for further process. The verified 

attributes were then incorporated into a 5-point Likert scale questionnaire for factor 

analysis. Both EFA and CFA were employed to finalize attributes and factors. This 

analysis identified 27 key attributes across five core factors: Governance and policies 

(8 attributes), Materials and equipment (8 attributes), Requirements and specifications 

(4 attributes), Construction information systems (4 attributes), and Waste collection 

facilities (3 attributes). The detailed calculation processes for the weights of all 

attributes were previously presented in Section 3.8.5.  The global weights were 

normalized to ensure the sum of weight was equal to 1.00, resulting in standardized 

weights (Table 9.2), which served as key inputs for developing the CW3M model.   

In parallel, a literature review was conducted to identify appropriate maturity levels 

for contractors’ CWM practices in building construction. Five maturity levels were 
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adopted: initial, developing, reactive, proactive, and optimized, reflecting a progression 

of CWM capabilities from the most basic to the most advanced. Expert interviews were 

conducted to refine the definitions of these maturity levels and ensure their suitability 

for assessing contractors’ CWM performance in building construction. With the 

standardized global weights of the 27 attributes and the refined five-level maturity 

model, the CW3M assessment tool was developed in Microsoft Excel. This tool 

effortlessly allows contractors to assess their performance in CWM based on the 

CW3M framework. The tool includes a radar chart to visualize the score of all 

attributes, providing a clear picture of the Contractors’ performance, and a vertical bar 

chart to display the overall score, with the maximum score set at 5, allowing users to 

see their maturity level.  

The CW3M assessment tool, as presented in Table 8.2, provides a detailed 

overview of the 27 attributes across five factors, along with their standardized weights. 

The refined maturity levels, illustrated in Figure 8.1, represent the progression from 

initial to optimizing maturity in CWM practices. Furthermore, the radar and vertical 

bar charts in Figure 8.2 visually represent the maximum assessment results (score) for 

each attribute and the total score, serving as a ceiling for contractors seeking to improve 

their CWM performance in building construction. 

 

 

Figure 8.1 Maturity level 



170 

 

 

Table 8.2 Maturity model for the assessment of CWM (CW3M) 

Code  Factors/Attributes Current level  Target level  

1 2 3 4 5 1 2 3 4 5 

GP Governance and policies:           

GP1 Properly following a WM plan            

GP2 Supervision of WM activities with clear instructions            

GP3 Establishment of a strict CWM policy within the company 

(including the CWM system)  

          

GP4 Implementing an effective organizational structure for WM            

GP5 Monitoring and auditing waste management systems periodically 

(e.g., every 3 months)  

          

GP6 Establishment of an appropriate WM plan in the earlier stage of 

each construction project  

          

GP7 Senior management’s commitment to implementing waste 

management (WM) practices  

          

GP9 Including subcontractor responsibilities for WM targets in the 

contract  

          

ME Materials and equipment:            

ME1 Precise on-site material/ equipment control (e.g., inspecting the 

materials/ equipment when they arrive, etc.) 

          

ME2 Adequate protection of material/ equipment transportation and 

handling (loading and unloading) 

          

ME3 Adequate protection of different categories of materials/ 

equipment during storing and stacking 

          

ME4 High level of security at the project site (i.e., prevent theft and 

loss of materials/ equipment) 

          

ME5 Adopting just in time (JIT) delivery system           

ME6 Precise material/ equipment purchasing (i.e., preventing order 

errors, right sizes and quantities) 

          

ME7 Using quality, durable, and standardized materials/ equipment 

(i.e., according to specification) 

          

ME8 On-time and accurate quantification of materials or equipment 

/bills of quantities 

          

RS Requirements and specifications:            

RS1 Minimizing design changes during construction           

RS2 Minimizing variation orders (VO)           

RS3 Detailed study and thorough understanding of specifications and 

drawings 

          

RS4 Implementing proper method statement for each activity, 

including minimizing waste from application processes 

          

CIS Construction information systems:           

CIS1 Utilizing building information modelling (BIM) for the project 

and being familiar with its application 

          

CIS2 Utilizing other related information technologies for the project 

and being familiar with their application 

          

CIS3 Professional quality management and certification (e.g., ISO, 

GREEN, etc.) 

          

CIS4 Keeping lessons learned repository about CWM (including 

tracking the types and quantities of CW) 

          

WCF Waste collection facilities:            

WCF1 Bins are installed on every floor           

WCF2 Storing construction waste in easily accessible areas           
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Code  Factors/Attributes Current level  Target level  

1 2 3 4 5 1 2 3 4 5 

WCF3 Setting up separated bins according to the waste type and sorting 

out waste at the site” 

          

 

 

Figure 8.2 Radar chart for the current score of each attribute and total score (maximum 

score)  



 

 

 

CHAPTER 9 

MODEL IMPLEMENTATION AND VALIDATION  

 

9.1.1 Demographic information of experts  

This study phase involved experts from 16 contractors in Cambodia and Thailand 

who participated in the model implementation and validation process. These experts 

had diverse backgrounds in terms of experience and education. In Cambodia, 8 experts 

from 5 large and 3 medium-sized contractors took part, holding positions such as 

assistant project director, project manager, assistant project manager, site manager, and 

technical director. Most experts from Cambodia hold master’s degrees in civil 

engineering or construction engineering and management. They had between 5 and 19 

years of experience in building construction. In Thailand, 8 experts from 7 large and 1 

medium-sized contractor participated, including the project manager, company deputy 

director, head of business development, and estimator. Most of the experts from 

Thailand held bachelor’s degrees in civil engineering. They had 8 to 37 years of 

experience in building construction. Overall, the 16 experts averaged 15.9 years of 

experience in building construction. The representation of medium and large 

contractors from both countries ensured the model’s applicability was assessed across 

different company sizes and operational capacities. The experts held diverse project 

management positions, providing varied perspectives and operational insights for the 

model implementation and validation. Based on experts' perceptions from 16 

contractors, the results indicated that all contractors validated the developed CW3M 

model as appropriate, reliable, and suitable for contractors to assess their CWM 

capabilities in building construction. The details of the demographic profiles of experts 

for model implementation and validation are presented in Table 9.1.  
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Table 9.1 Demographic of experts for model implementation and validation  

Contractors Representative (experts) Country 

 No.   Size  Position  Education level   

Experi

ence 

(years)  

 

Contractor 1 Medium Asst. Project 

director  

M.Eng. Construction 

engineering and 

management  

5 Cambodia 

Contractor 2 Large Project manager  MSc. Civil engineering   7 Cambodia 

Contractor 3 Large Site manager  B.Eng. Civil engineering   11 Cambodia 

Contractor 4 Medium Technical 

director  

B.Eng. Civil engineering  19 Cambodia 

Contractor 5 Medium Project manager  M.Eng. Civil engineering  14 Cambodia 

Contractor 6 Large Asst. Project 

manager  

M.Eng. CEM 19 Cambodia 

Contractor 7 Large QA/QC BSc. Civil engineering   5 Cambodia 

Contractor 8 Medium Project manager  M.Eng. Civil engineering   10 Cambodia 

Contractor 9 Large Project manager  Bachelor of interior 

design 

8 Thailand 

Contractor 10 Large Project manager  B.Eng. Civil engineering   22 Thailand 

Contractor 11 Large Project manager  B.Eng. Civil engineering   18 Thailand 

Contractor 12 Large Head of business 

development  

B.Eng. Civil engineering   37 Thailand 

Contractor 13 Large Company deputy 

director  

M.Eng. Construction 

engineering and 

management  

10 Thailand 

Contractor 14 Large Project manager  B.Eng. Civil engineering  25 Thailand 

Contractor 15 Large Estimator  M.Eng. Construction 

engineering and 

management  

8 Thailand 

Contractor 16 Medium Project manager  B.Eng. Civil engineering   22 Thailand 

Note: Size of companies based on number of employees: micro contractors (1-9); small contractors 

(10-49); medium contractors (50-249) and large contractors (250 or more) 

 

9.2 CW3M maturity model implementation  

After the CW3M model was developed, the experts were provided with the model 

to use and become familiar with it. The experts were then interviewed and asked to 

assess their companies’ CWM practices using the CW3M model. This assessment 

involved identifying the current and target levels for each CW3M attribute. The 

interviews were conducted individually with each expert, and the current and target 

levels were entered into the CW3M framework to calculate the scores for the 27 

attributes across five factors and the total current and target scores. A typical example 

of a Contractors’ assessment score using CW3M is presented, along with the average 
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assessment results for Cambodian and Thai contractors, as detailed in the sections 

below. 

 

9.2.1 A typical example of an assessment  

The typical example of the assessment results (score) of one contractor from 

Thailand is shown in Table 9.2. The contractor evaluated the current and target levels 

for each of the 27 attributes in the CW3M maturity model. The current score is 

calculated by multiplying the standardized weight of each attribute by its current level, 

and the target score is calculated similarly using the target level. The contractor’s 

current score is 3.38, indicating a “Proactive level” or level 4 of CWM maturity (Figure 

9.1). The target score for this contractor in the next two years is 3.96, indicating a 

“Proactive level” or level 4 of maturity (Figure 9.2), as per the scale defined in the 

CW3M model. However, the overall score demonstrated the potential for improvement 

even though the maturity level was not expected to change. 

 

Table 9.2 A typical example of an assessment score using CW3M by a contractor 
Factors Code 

(Attributes) 

Standardized 

weight 

Current 

level 

Target 

level 

Current 

score 

Target 

score 

Governance and 

policies (GP) 

GP1 0.037 3 4 0.112 0.150 

GP2 0.032 3 3 0.097 0.097 

GP3 0.091 3 4 0.274 0.365 

GP4 0.032 2 3 0.064 0.095 

GP5 0.039 3 3 0.116 0.116 

GP6 0.072 3 4 0.215 0.286 

GP7 0.046 4 5 0.185 0.231 

GP9 0.059 3 4 0.178 0.237 

Materials and 

equipment (ME) 

ME1 0.027 2 3 0.055 0.082 

ME2 0.023 4 4 0.092 0.092 

ME3 0.026 4 4 0.103 0.103 

ME4 0.015 3 4 0.044 0.059 

ME5 0.012 4 5 0.047 0.058 

ME6 0.028 4 4 0.111 0.111 

ME7 0.029 4 4 0.118 0.118 

ME8 0.034 4 5 0.134 0.168 

Requirements and  

Specifications (RS) 

RS1 0.033 4 4 0.133 0.133 

RS2 0.031 3 3 0.094 0.094 

RS3 0.060 4 4 0.239 0.239 
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Factors Code 

(Attributes) 

Standardized 

weight 

Current 

level 

Target 

level 

Current 

score 

Target 

score 

RS4 0.035 3 4 0.106 0.141 

Construction 

information systems  

(CIS) 

CIS1 0.041 3 4 0.123 0.164 

CIS2 0.016 3 4 0.049 0.066 

CIS3 0.015 3 4 0.045 0.060 

CIS4 0.017 3 3 0.050 0.050 

Waste collection  

facilities (WCF) 

WCF1 0.021 4 4 0.082 0.082 

WCF2 0.049 4 5 0.196 0.245 

WCF3 0.080 4 4 0.320 0.320 

 

 

Figure 9.1 A typical assessment result by a contractor in Thailand (Current score) 
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Figure 9.2 A typical assessment result by a contractor in Thailand (Target score) 

 

9.2.2 Average maturity score and level  

The self-assessment results using the CW3M model revealed the average scores 

for the current and target CWM practices of 16 contractors. In Cambodia, contractors 

currently demonstrate an average score of 2.82, indicating a “Reactive” level of 

maturity at the lower end of Level 3. These contractors aim to achieve an average score 

of 3.45 over the next two years, signalling their ambition to move towards the upper 

end of Level 3 maturity. At Level 3, contractors have formal processes, adopt a reactive 

approach, and maintain consistent performance. In Thailand, contractors currently 

demonstrate an average score of 3.58, indicating a “Proactive” level of maturity at the 

lower end of Level 4. The Thai contractors aim to achieve an average score of 4.29 over 

the next two years, signalling their ambition to move towards the upper end of Level 4 

maturity. At Level 4, contractors have well-defined processes and plans, a proactive 

approach, and consistently strong performance. The average current maturity level of 

contractors’ CWM performance in Cambodia is lower than in Thailand, a trend also 

observed in the target maturity levels, with Cambodia’s contractors aiming lower than 

Thailand’s contractors. Considering the results for both countries, the current average 
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score of the contractors is 3.20, indicating a “Reactive” level of maturity at the higher 

end of Level 3. However, the contractors in Cambodia and Thailand aim to achieve an 

average score of 3.87 over the next two years, signalling their ambition to move towards 

Level 4 maturity. The assessment results presenting the average scores of contractors' 

CWM performance are shown in Figure Figure 9.3 and Figure 9.4 for Cambodia and 

Thailand, respectively. Additionally, the average score results for each attribute were 

converted to the average maturity level, as illustrated in Figure 9.5 and Figure 9.6 for 

Cambodia and Thailand, respectively. 

 

 

Figure 9.3 Average score of contractors’ CWM performance in Cambodia 
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Figure 9.4 Average score of contractors’ CWM performance in Thailand 

 

 

Figure 9.5 Average maturity level of each attribute and overall score of contractors’ 

CWM performance in Cambodia 
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Figure 9.6 Average maturity level of each attribute and overall score of contractors’ 

CWM performance in Thailand 

 

9.3 Model validation 

The results of the validation exercise, as shown in Table 9.3, reveal that the maturity 

model’s “degree of appropriateness” has the highest mean score of 3.88 among the six 

assessment criteria. This suggests that the model is perceived as highly suitable and 

aligned with the needs of contractors in building construction. The second highest-rated 

aspect, “overall suitability for CWM for contractors in building construction,” scored a 

mean of 3.81, indicating that the model is well-suited for practical application in the 

industry and offers valuable guidance for contractors to enhance their CWM practices. 

Furthermore, the “degree of objectivity,” “degree of practicality,” and “overall 

reliability” all scored a mean of 3.75, suggesting that the experts find the CW3M to be 

reasonably objective, practical, and reliable in helping contractors manage CW 

effectively. However, the “degree of replicability” received the lowest mean score of 

3.50, although still above 3 (considered good). The mean score values for all six 

validation aspects range from 3.50 to 3.88, implying that respondents generally found 

the maturity model satisfactory across all validation criteria. This suggests that the 
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model has been validated to be appropriate, objective, practical, reliable, and suitable 

for use by contractors in building construction to improve CWM practices. 

 

Table 9.3 Results of the maturity model validation  
No.  Validation aspects/ questions  Experts/ contractors    Mean 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 Degree of appropriateness  4 3 3 4 4 4 4 4 4 4 4 4 4 4 5 3 3.88 

2 Degree of objectivity  4 3 4 3 3 4 4 5 3 4 4 4 5 3 4 3 3.75 

3 Degree of replicability  4 4 3 3 3 3 3 4 4 4 3 4 4 4 4 2 3.50 

4 Degree of practicality  3 4 3 3 3 4 4 5 4 5 4 4 3 4 4 3 3.75 

5 Overall reliability  4 4 4 3 3 3 4 5 3 4 4 4 4 4 4 3 3.75 

6 Overall suitability for CWM for 

contractors in building 

construction  

3 4 4 4 3 4 3 5 4 5 4 4 3 4 4 3 3.81 

Note:  1 representing “poor”, 2 “average”, 3 “good”, 4 “very good”, and 5 “excellent” 

 

 

  



 

 

 

CHAPTER 10 

DISCUSSION OF MODEL DEVELOPMENT AND VALIDATION 

 

10.1 CW3M maturity model development 

This study aimed to develop the construction waste management maturity model 

(CW3M) to assess contractors’ CWM performance in building construction. The model 

was developed using a systematic process based on established maturity model 

principles (De Bruin et al., 2005; Myrberg et al., 2024), ensuring a structured pathway 

for contractors to enhance their CWM capabilities. Grounded in maturity model 

literature, the CW3M model integrates theoretical with practical industry insights, 

making it conceptually sound and relevant to the challenges faced by contractors.  

The CW3M model comprises five key factors: governance and policies, materials 

and equipment, requirements and specifications, construction information systems, and 

waste collection facilities. These factors were identified through an extensive literature 

review (Min et al., 2023) and expert verification processes (Asah-Kissiedu et al., 

2021b). Factor analysis techniques further strengthened The model’s development 

(Lotti Oliva, 2014), ensuring the identified factors and attributes are statistically sound 

and practically relevant for assessing contractors’ CWM practices. The thorough 

validation process highlights the CW3M model’s reliability and capacity to meet 

contractors’ specific needs in the construction industry to enhance CWM in building 

construction. The CW3M model’s attributes were rigorously verified through experts 

and statistical analysis, ensuring the model’s precision and relevance. The BWM was 

employed to assign weight to each attribute and factor (Rezaei, 2015, 2022), generating 

standardized global weights that allow contractors to confidently assess their CWM 

performance across the five critical factors. This data-driven approach ensures the 

CW3M model identifies areas for improvement and prioritizes them based on their real-

world significance.  

The CW3M model includes a Microsoft Excel-based assessment tool that provides 

contractors with a platform to assess their CWM performance (Suprun et al., 2024). 

This tool uses radar charts and vertical bar charts to visualize the Contractors’ 
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performance across 27 attributes, offering a clear and actionable understanding of their 

current maturity level and future target level. This visual representation is crucial for 

decision-making, as it highlights strengths and improvement areas. This enables 

contractors to make informed, strategic choices to enhance their CWM practices. The 

model’s highest maturity score of 5 serves as a threshold, motivating contractors to 

strive for better performance in CWM by progressively working toward the optimized 

level.  

 

10.2 Model implementation  

The implementation of the CW3M by 16 contractors from Cambodia and Thailand 

demonstrated its utility as a structured framework for assessing current CWM practices 

and identifying areas for targeted improvement. The CW3M model provided 

contractors with a clear path to enhance their CWM performance by benchmarking their 

current maturity levels and establishing concrete targets. As with other maturity 

models, such as those described by Röglinger et al. (2012) and Myrberg et al. (2024), 

this process supports progressive capability development and emphasizes the 

importance of structured improvement. 

According to the self-assessment results, as shown in Figure 9.3 and Figure 9.4, 

comparing the two countries, Cambodia’s contractors consistently showed lower 

maturity levels than Thailand’s contractors, both in their current CWM performance 

and targeted improvement. This gap reflects broader socio-economic and regulatory 

differences between the two countries, where Thailand’s more developed construction 

industry and regulatory environment provide more substantial support for higher 

maturity levels (Aksorn et al., 2008). Nevertheless, the target of Cambodian contractors 

to improve their CWM performance underscores a growing recognition of the 

importance of enhancing CWM, even in resource-limited contexts. These results 

aligned with previous research that has emphasized the critical role that resources and 

policy frameworks play in shaping an organization’s ability to mature (Gibson et al., 

2004). 



183 

 

 

Overall, the average current score of all contractors is 3.20, indicating that 

contractors in Cambodia and Thailand are currently operating at the higher end of Level 

3, the “reactive”. However, the collective target score of 3.87 shows that contractors in 

both countries aim to move into the “proactive” stage at level 4 over the next two years. 

This shift reflects a broader industry trend toward more strategic, proactive approaches 

to CWM as contractors increasingly recognize the economic and environmental 

benefits of improving WM practices (Zhang et al., 2019).  

 

10.3 Model validation 

Contractors provided feedback on the CW3M maturity model as part of the model 

validation process, as suggested by Myrberg et al. (2024) and Suprun et al. (2024). The 

validation followed the model’s implementation with a total of experts from 16 

contractors, as described in Section 9.3. Experts were asked to evaluate the model 

across six key assessment criteria: appropriateness, objectivity, replicability, 

practicality, overall reliability, and overall suitability for CWM for contractors in 

building construction (Babatunde et al., 2016; Cheung, 2009; Osei-Kyei et al., 2018). 

The results of this validation exercise, presented in Table 9.3, show the model’s strong 

acceptance among industry professionals, confirming its value as an assessment tool 

for evaluating CWM maturity levels and guiding improvements. 

Among the criteria, the “degree of appropriateness” received the highest mean rate 

of 3.88, indicating that experts view the CW3M model as highly aligned with 

contractors’ operational realities and needs. This result suggests that the model 

effectively addresses key concerns in construction waste management, providing a 

framework that resonates with professionals in the field. The second-highest rate of 

3.81 was “overall suitability for CWM for contractors in building construction,” further 

emphasizing the model’s relevance to real-world practices. This feedback showed that 

the CW3M model is theoretically sound, practical, and applicable for contractors 

aiming to enhance their CWM practices. The rates for “degree of objectivity,” “degree 

of practicality,” and “overall reliability” all at 3.75, indicating that the model is viewed 

as a balanced and credible tool capable of delivering objective assessments and 
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practical insights. This confirms that the CW3M model is theoretical and can be used 

reliably by contractors to assess and improve their CWM practices. The model was 

deemed practical and reliable, suggesting it can be effectively integrated into 

contractors’ operations. However, the “degree of replicability” received the lowest rate 

of 3.50, though still within a satisfactory range. This lower rate highlights a potential 

challenge in ensuring consistent implementation across different contexts and 

contractor sizes. Nevertheless, the rate above 3 suggests that while replicability could 

be improved, most respondents still consider it acceptable. This rate falls between the 

ratings suggested by Babatunde et al. (2016), Cheung (2009), and Osei-Kyei et al. 

(2018), where a rating of 3 represents “good” and 4 is “very good”. 

Therefore, expert feedback demonstrates that the CW3M model is an appropriate, 

objective, practical, and reliable tool for assessing and improving the CWM practices 

of contractors in building construction. The mean rates, ranging from 3.50 to 3.88 

across all validation criteria, imply that professionals perceive the model positively, 

particularly emphasizing its appropriateness and suitability for the building 

construction industry (Babatunde et al., 2016; Cheung, 2009; Osei-Kyei et al., 2018). 

This validation process confirms the CW3M model’s effectiveness as a comprehensive 

framework that contractors can use to assess their current CWM maturity levels and set 

achievable goals for future improvements. The model’s potential to drive systematic 

progress in CWM practices, even in varying contexts, further strengthens its relevance 

in helping contractors navigate the increasing demands for sustainable CWM in the 

building construction sector. 

 

 

 

  



 

 

 

CHAPTER 11 

CONCLUSION AND RECOMMENDATIONS 

 

This study developed a novel Construction Waste Management Maturity Model 

(CW3M), a framework designed to assist building contractors in assessing and 

enhancing their CWM capabilities. The CW3M model bridges a critical gap in the 

construction industry by offering an actionable tool tailored to the construction phase, 

focusing on contractor-controlled practices aligned with the 2R strategy (Reduce and 

Reuse). The key findings and contribution of this study include: 

• Developing the model’s comprehensive structure, consisting of 27 attributes across 

five key factors: governance and policies, materials and equipment, requirements 

and specifications, construction information systems, and waste collection 

facilities. The CW3M model’s five-level maturity framework provides a clear 

progression path for building contractors, enabling self-assessment and targeted 

improvement plans for CWM. Understanding the current practice status empowers 

contractors to target their CWM performance more effectively, thereby minimizing 

construction waste.  

• Through implementation with 16 contractors from Cambodia and Thailand, the 

CW3M model demonstrated its practicality and relevance. Cambodian contractors 

currently average a Level 3 (reactive) with a score of 2.82 and aim for higher 

maturity, while Thai contractors, operating at a Level 4 (proactive) with a score of 

3.58, set benchmarks for progression to the upper bounds of Level 4. This 

underscores the model’s versatility and applicability across socio-economic and 

regulatory contexts. 

• The CW3M model’s validation results show its appropriateness, reliability, and 

suitability as a transformative tool for advancing sustainable practices in building 

construction. Beyond its immediate utility, the CW3M provides a benchmark 

framework for global building contractors seeking to improve their CWM practices 

and supports policymakers in promoting circular economy principles in the 

construction industry. 
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• The CW3M model's alignment with the United Nations' Sustainable Development 

Goals (SDGs) No. 8, 9, and 11 further highlights its potential to contribute to 

sustainable urban development by minimizing construction waste, enhancing 

resource efficiency, and mitigating environmental impacts. 

• This study establishes the CW3M model as a transformative tool for sustainable 

construction, equipping building contractors with the necessary framework to 

improve CWM performance, reduce environmental impact, and achieve long-term 

sustainability goals. 

• The findings suggest that implementing the CW3M model has the potential to 

support more sustainable construction practices by minimizing construction waste, 

reducing costs, and enhancing operational efficiency. Beyond its immediate 

benefits to contractors, the model provides valuable insights for policymakers, 

industry leaders, and researchers seeking to foster sustainable practices, align with 

circular economy principles, and promote sustainable development. 

 

The CW3M model’s implementation and validation process was limited to experts 

from Cambodia and Thailand. Future research could expand its applicability by 

implementing and validating the model in developed countries to account for varying 

contexts. Furthermore, as digital technology rapidly grows and the construction sector 

industrializes, new factors and attributes may emerge, requiring updates to the model 

to ensure its continued relevance and utility in the future.  
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EXPERT  VERIFICATION  QUESTIONNAIRE

Contractor’s  Attributes Contributing  to  Effective Construction Waste

  Management  in Building Construction

Dear  Sir/  Madam,

Greeting  from  our  research  team!

We would like  to seek your input in completing a survey that is part of double Ph.D. degree research that 

seeks  to  assess  effective construction  waste management  (CWM).  This  double  Ph.D.  degree  research  is 
sponsored  by  the  AUN/SEED-Net  Collaborative  Education  Program  (CEP)  under  the  supervision  of  Assoc.

Prof.  Dr.  Kriengsak  PANUWATWANICH  (at  Sirindhorn  International  Institute  of  Technology,

Thammasat University) and Assoc. Prof. Dr. Koji MATSUMOTO (at Hokkaido University).

About  this  survey

The  survey is the initial phase  of  the  development  process  of  the  assessment model  and  is  intended  for 

preliminary validation of a set of attributes relevant to effective construction waste management (CWM).

You have been identified as someone whose expertise in CWM that fit  for the validation exercise.

Confidentiality

The  information  will  be  used  for  academic  purposes  only.  All  information  collected  will  be  stored  securely,

and you will not be identified at any point in this research.

Questionnaire  structure

This  questionnaire contains  five  pages  and  consists  of  two main  parts. Part  I: Background  of  you  and your 

company.  Part  II:  Determination  of  attributes  for  assessing  effective  construction  waste  management

(CWM).

Duration  of  the  survey

The survey should take approximately 15 minutes to complete, and it would be very much appreciated if 

you could kindly finish it on or before  30th  March 2023.

The  research  team  would  be  most  grateful  for  your  time  and  consideration  in  contributing  to  this  research.

Please direct any inquiries about this research to:

Mr.  Vuthea  MIN  (Doctoral  Researcher),  Email:  minvuhea@gmail.com,  Cell  No.:  +66-905909078

The  Research  Team

8th  March 2023
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EXPERT VERIFICATION QUESTIONNAIRE 

 

Part I: Background Information  

 

What is your position in your current organization? (e.g., project manager, lecturer in construction 

management, etc.)  

____________________________

 

What is your highest level of education?  

☐ Bachelor's degree  

☐ Doctorate degree  

☐ Master's degree  

☐ Other (please specify): ______________

How many years of experience do you have in the construction industry? 

☐ 0-5  ☐ 6-10 ☐ 11-20 ☐ 21-30 ☐ Over 30

 

How many years of experience do you have working as contractor(s)? 

☐ 0-5  ☐ 6-10 ☐ 11-20 ☐ 21-30 ☐ Over 30

 

How many years of experience do you have related to construction waste management (CWM)?  

☐ 0-5  ☐ 6-10 ☐ 11-20 ☐ 21-30 ☐ Over 30

 

Please indicate your area(s) of expertise. (Tick as appropriate, multiple options are applicable)  

☐ Construction management profession  

☐ Construction management academic  

☐ Environmental management profession   

☐ Environmental management academic  

☐ Other (please specify): ______________

 

Please provide your professional qualifications/affiliations (e.g., PE certified, PMP certified, member of 

Council of Engineers, etc.) 

______________________________ 

 

Which of the following best describes your current organization? 

☐ Contractor 

☐ Consultant (project management)  

 

☐ University/ Academic Institution  

☐ Other (please specify): _______________

Part II: Determination of Attributes to Assess the Effective Construction Waste Management  

Below is a list of attributes extracted and analyzed from the literature. These attributes were considered 

contractor's attributes contributing to effective construction waste management (CWM) in building 

construction.   

From the best of your knowledge and experience, to what extent do you agree or disagree that each of the 

following should be included for assessing the effective construction waste management (CWM) in 

building construction? Please rate (✔) your agreement on the following statements. 

Note: 1: Strongly disagree; 2: Disagree; 3: Neutral; 4: Agree; 5: Strongly agree. 
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Attributes Agreement 
1 2 3 4 5 

i) Management and leadership 

Awareness of the impact of construction waste (CW) on sustainable construction       

Effective and efficient site management       

Effective coordination and communication with project stakeholders      

Senior management's commitment to implementing waste management (WM) practices      

Implementing an effective organizational structure for WM      

Supervision of WM activities with clear instructions      

Effective implementation of the WM plan      

Action to reduce CW generation      

Action to reuse CW      

Work experience on CWM and waste-minimizing culture within the company      

Monitoring and auditing waste management systems periodically      

Ensuring the participation of all stakeholders in WM activities      

Ability to integrate CWM into the assessment       

ii) Manpower 

Effective training for the engineers and workers on WM      

Tasking workers with the exclusive responsibility of waste minimization      

Having a sufficient number of skilled workers       

Quality of workmanship      

iii) Policy and strategy 

Establishing a strict policy on CWM within the company (including the CWM system)       

Establishing an appropriate waste management plan in the earlier stage of each construction      

Setting waste reduction targets for every project by maximizing the reduction of materials      

Setting waste reuse target for every project by maximizing the reuse of materials      

Including subcontractor responsibilities for WM targets in the contract      

Offering incentives for waste minimization efforts to the project team      

Seeking and receiving client support on WM       

Preventing site accidents      

iv) Materials 

Preventing from ordering errors and purchasing appropriate material sizes and quantities       

On-time and accurate quantification of materials/bills of quantities      

Use of quality, durable, and standardized materials      

Adopt Just in Time delivery (JIT) system      

Adequate protection of material transportation and handling (loading and unloading)      

Precise on-site material control (e.g., inspecting the materials when they arrive, etc.)      

Having central areas for cutting and storage of materials       

Adequate protection of different categories of materials during storing and stacking      

Strong security at the project site (i.e., prevent theft and loss of materials)      

v) Equipment or tools 

Ensure the availability of equipment required for every project (i.e., tools, machines, and vehicles)      

Ensure the quality of all equipment to be used in every project       

Be familiar with the usage of all equipment       

Utilize scaffolding and formwork that can be reused many times (e.g., metal, plastic, etc.)      

Utilize BIM for the project and be familiar with its application      

Utilize other related information technologies for the project and be familiar with their application      

vi) Construction method and process      

Adequate site space and the site layout are cleared for materials movement      
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Attributes Agreement 
1 2 3 4 5 

Adopt prefabricated structural elements      

Adopt preassembled components such as bathroom and kitchen pods      

Efficient use of materials and minimizing the uneconomical cutting shapes and length       

Minimizing waste from application processes (e.g., overpreparation of mortar)      

Minimizing rework at the construction site      

Bins are installed on every floor      

Set up separated bins according to the waste type and sort out waste at the site       

Store waste in easily accessible areas      

vii) Documentation 

Effective document control of CWM (amounts, kinds, etc.)      

Detailed study and thorough understanding of specifications and drawings      

Professional quality management and certification (e.g., ISO, GREEN, etc.)      

Lessons learned repository on CWM      

Preventing shop drawing detailing errors       

Minimizing design changes during construction       

Minimizing variation orders (VO)       

Other related attributes: Apart from the above attributes, could you please suggest other appropriate attributes 
(if any)? 

      

      

      

      

      

      

      

 

Thank you very much for your valuable time in answering this questionnaire!  
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កម្រងសណួំរសម្ាបអ់្នកជំនាញបញ្ជា ក ់
ប៉ា រ៉ា មរ៉ាម្រសម្ាប់ម្ករុហ ៊ុនម ៉ា ការសណំង់(Contractor) ម ើរបវីាសស់ទង់ឬវាយរម្រៃម ើ

ម្បសទិ្ធភាពម្នការម្រប់ម្រងសណំ ស់ណំង់មៅការដ្ឋា នសាងសង់ 
 

សូមគោរពជម្រាបសួរ គោក គោកម្រសី! 

 ម្រកុមការងារម្រាវម្រាវគ ងីខ្ញ ុំសូមគោរពអនញញ្ញា តគោក គោកម្រសីគមត្តា ជួ គ្លី នូវកម្រមងសុំណួរដែលា
ដនែកម ួននការម្រាវម្រាវថ្នែ កប់ណឌិ ត(Double Ph.D. degree) គែីមបបីគងកីតម ូដែលសម្រាបវ់ាស់សទងឬ់វា តនមល
គៅគលីម្របសិទ្ធភាពននការម្ររប់ម្ររងសុំណល់សុំណង់របស់ម្រកមុហ ញនគ  ការាសង(់contractor)។ រគម្រាង
ម្រាវម្រាវថ្នែ កប់ណឌិ តគនេះោុំម្រទ្គោ រគម្រាងសហម្របតបិតាកិារបគចេកគទ្សរបស់អងគការទ្ីភាែ ក់ងារសហម្របតបិតាកិារ
អនារាតជិប ញនសម្រាបប់ណ្ដា ញាកលវទិ្ាល័ អាា ន/បណ្ដា ញអភិវឌ្ឍ ការអប់រ ុំវសិវកមមអាសញភីារអាគរែ  ៍
(AUN/SEED-Net Collaborative Education Program) ដែលានាស្រ្ាា ចារយដណនុំ Assoc. Prof. Dr. 
Kriengsak PANUWATWANICH មកពីវទិ្ាាា ន Sirindhorn International Institute of Technology(SIIT) នន
ាកលវទិ្ាល ័ធមមាត(Thammasat University) ម្របគទ្សនៃ នងិ គោកាស្រ្ាា ចារយ Assoc. Prof. Dr. Koji 
MATSUMOTO មកពាីកលវទិ្យល ័ហញកនកែូ(Hokkaido University)ម្របគទ្សជប ញន ។ 

អុំពីការសទង់មតិគនេះ 
ការសទង់មតិគនេះាដនែកម ួននែុំគណីរការបគងកតីម ូដែលគែីមបវីាស់សទងឬ់វា តនមលគលីម្របសិទ្ធភាពននការ

ម្ររប់ម្ររងសុំណលស់ុំណង ់ដែលគពលគនេះគ ងីកុំពញងកុំណតនូ់វប រ ដម ម្រតគែីមបបីគងកីតម ូដែលសម្រាបវ់ាសស់ទងឬ់
វា តនមល។ គោក គោកម្រសីម្រតវូបនម្រកុមការងារគម្រជសីគរសីាអែកជុំនញកែញងវសិ័ សុំណង់ដែលានចុំគណេះែងឹ 
និងបទ្ពិគាធន៍គលីការម្ររប់ម្ររងសុំណល់សុំណង់ដែលអាចជួ បញ្ញា ក់នូវប រ ដម ម្រតទុំងគនេះបន។ 

ការសាា ត់ 
ព័ត៌ានទុំងគនេះនងឹម្រតូវគម្របសីម្រាប់គោលបុំណងសិកាម្រាវម្រាវដតប ញគណ្ដណ េះ។ ចគមល ីរបសអ់ែកនងឹម្រតូវ

រកាាការសាា តប់ុំនញត និង មនិម្រតូវបនបងាា ញអតាសញ្ញា ណគ  ីកែញងការសិកាម្រាវម្រាវគនេះ។ 

រចនសមព័នធននកម្រមងសុំណួរ  
កម្រមងសុំណួរគនេះ ានចុំននួ៣ ទ្ុំព័រ  ដែលកែញងគនេះាន២ ដនែកសុំខាន់ៗ រឺ ដនែកទ្១ី៖ ាវត្តររបស់អែក 

និងម្រកុមហ ញនរបស់អែក, ដនែកទ្២ី៖ ការបញ្ញា ក់នូវប រ ដម ម្រតនមីួ ៗសម្រាប់វាស់សទង់ ឬវា តនមលគលីម្របសិទ្ធភាព
ននការម្ររប់ម្ររងសុំណលស់ុំណង។់ 

រ ៈគពលននការសទង់មត ិ
ការសទង់មតិគនេះនឹងម្រតូវចុំណ្ដ គពលគវោម្របាណ ១៥ នទ្ី គែីមបបីញ្េប។់ សូមគមត្តា គ្លី តបម្រតមឹនៃា

ទ្ី ១១ ដខ មីន ឆ្ែ ុំ ២០២៣គនេះ។  
គ ងីខ្ញ ុំសូមដៃលងអុំណររញណទ្ញកាមញន សម្រាបក់ារចុំណ្ដ គពលគវោ ការគោរ ល់ នងិចិតាសបបញរស
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របស់អែក កែញងការចូលរមួចុំដណកែល់ការម្រាវម្រាវែ៏ានារៈសុំខាន់គនេះ! 
កែញងករណីានចមាល់ ឬអវបីដនាម សូមទក់ទ្ងគោក មីន វញទធ  (គបកខជនបណឌិ ត) ត្តមរ ៈ Email: 

minvuhea@gmail.com ឬទូ្រស័ពទគលខ +៦៦-៩០៥៩០៩០៧៨ ។ 

គោ កាីគោរពីម្រកមុម្រាវម្រាវ 
 

នៃាទ្ី ០៩ ដខ មនី ឆ្ែ ុំ ២០២៣ 
 

គបកខជនបណឌិ ត                            
      មីន វញទធ  

 

SIIT, Thammasat 
University, Thailand, and 

Hokkaido University, 
Japan 

ាស្រ្ាា ចារយដណនុំ  
Assoc. Prof. Dr. Kriengsak 

PANUWATWANICH 
 

SIIT, Thammasat 
University, Thailand 

ាស្រ្ាា ចារយដណនុំ  
Assoc. Prof. Dr. Koji 

MATSUMOTO 
 

Hokkaido University, 
Japan 
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កម្រងសណួំរសម្ាបអ់្នកជំនាញបញ្ជា ក ់
 

ផ្ននកទ១ី ៖ ព័តា៌នរលូដ្ឋា ន/សាវតារ  
តតើមុខតំណែង ឬមុខងារការងាររបស់អ្នកជាអ្វើ?(ឧទាហរែ៍៖ ប្បធានប្រប់ប្រងរតប្ោង; សាស្រ្សាា ចារយបតប្ងៀនណននក
ការប្រប់ប្រងរតប្ោងសាងសង់ ។ល។) 
____________________________ 
 

តតើអ្នកោនកប្មិតអ្ប់រខំពស់បំនុតដល់កប្មិតណា? 
☐ បរញិ្ញា បប្ត 

☐ បែឌិ ត 

☐ បរញិ្ញា បប្តជាន់ខពស ់

☐ តនេងត ៀត(សូមបញ្ញា ក់)______________ 

តតើអ្នកោនប ពិតសាធនប៍ ុន្មា នឆ្ន តំៅកនុងឧសាហកមាសែំង់? 
☐ 0-៥           ☐ ៦-១០               ☐១១-២០ ☐ ២១-៣០ ☐ តលើសពើ ៣០ 

តតើអ្នកោនប ពិតសាធនស៍រុបប ុន្មា នឆ្ន កំនុងការតធវើការងារតៅកនុងប្កុមហ ុនត  ការសំែង់(Contractors)? 
☐ 0-៥           ☐ ៦-១០               ☐១១-២០ ☐ ២១-៣០ ☐ តលើសពើ ៣០

តតើអ្នកោនប ពិតសាធនស៍រុបប ុន្មា នឆ្ន កំនុងការតធវើការងារទាក់ ងនងឹការប្រប់ប្រងសែំល់សែំង់? 
☐ 0-៥           ☐ ៦-១០               ☐១១-២០ ☐ ២១-៣០ ☐ តលើសពើ ៣០ 

សូមបញ្ញា ក់នូវមុខជំន្មញវជិាា ជើវៈរបស់អ្នក (អាចរូសធើកតលើសពើមួយបាន) 

☐ ប្រប់ប្រងរតប្ោងសាងសង់ 
☐ បតប្ងៀន ឬុប្សាវប្ជាវណននកប្រប់ប្រងរតប្ោងសាង
សង ់

☐ ប្រប់ប្រងបរសិាា ន 

☐ បតប្ងៀន ឬុប្សាវប្ជាវណននកប្រប់ប្រងបរសិាា ន 

☐ តនេងត ៀត (សូមបញ្ញា ក់) ________________ 

 
សូមបញ្ញា ក់នូវវញិ្ញា បនបប្តអាជើពរបសអ់្នកប្បសិនតបើោន?(ឧទាហរែ៍៖ វសិវករអាជើព, PMP, សោជិករែ
វសិវករ ។ល។) 
____________________________ 
 

តតើសាា បន័អ្នកកពុំងតធវើការបចចុបបននសាិតតៅកនុងប្បតេ ណា? 
☐ ប្កុមហ ុនត  ការសាងសង(់Contractor) 

☐ ប្កុមហ ុនប្បឹកាសែំង់ (Consultant) 
☐ សាកលវ ិាល័យ 

☐ តនេងត ៀត (សូមបញ្ញា ក់) ________________ 
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ផ្ននកទី២ ៖ ការបញ្ជា ក់នវូប៉ា រ៉ា ផ្រ៉ាម្តនីរយួៗសម្ាបវ់ាសស់ទង ់ឬវាយតម្រៃលលើម្បសទិធ
ភាពម្នការម្រប់ម្រងសណំលស់ណំង ់

ខាងតប្កាមតនេះជាបញ្ា ើបា រ ណម ប្តសប្ោប់វាស់សទងឬ់វាយតម្មៃប្បសិ ធភាពម្នការប្រប់ប្រងសែំលស់ែំង់របស់
ប្កុមហ ុនសាងសង់(Contractor)សប្ោប់រតប្ោងសាងសង់អ្គារណដលបានមកពើការសកិាតនេងៗពើមុនមក
(Literature review)។ 

តោយតោងតៅតលើចំតែេះដងឹ និងប ពិតសាធន៍របស់អ្នក សូមអ្នកកប្មតិនូវការយល់ប្សប ឬមិនយល់ប្សប
ចំត េះបា រ ណម ប្តនើមួយៗសប្ោប់វាស់សទង់ ឬវាយតម្មៃប្បសិ ធភាពម្នការប្រប់ប្រងសែំលស់ែំង់កនុងរតប្ោង
សាងសង់អ្គារខាងតប្កាមតនេះ តោយធើក(✔)នូវកប្មិតម្នការយល់ប្សប ឬមនិយល់ប្សបកនុងប្បអ្បន់ើមួយៗ
ខាងតប្កាម៖ 

សំគាល់: ១. មិនយល់ប្សបទាងំប្សុង; ២. មិនយល់ប្សប; ៣. អ្ពាប្កឹត; ៤. យល់ប្សប; ៥. យល់ប្សប
ទាងំប្សុង 

 
បា រ ណម ប្ត 

កប្មិត 
មិនប្សប ឬប្សប 

១ ២ ៣ ៤ ៥ 
i) ប្របប់្រង និងភាពជាអ្នកដឹកន្ម ំ
ការយល់ដឹងអំ្ពើនលប េះ ល់ម្នសំែល់សំែង់តលើនិរនារភាពសំែង់      

ប្បសិ ធភាព និងប្បសិ ធនលម្នការប្រប់ប្រងការោា នសាងសង់      

ប្បសិ ធភាពកនុងការ ំន្មក់ ំនង និងសប្មបសប្មួលរតប្ោងជាមួយភារើ ក់ព័នធ      

ការតងំចិតាកនុងការងារប្រប់ប្រងសំែល់សំែង់របស់អ្នកប្រប់ប្រងការសាងសង់      

ប្បសិ ធភាពម្នការតធវើនិងអ្នុវតាតមរចន្មសមព័នធម្នការណបងណចកការងារប្រប់ប្រងសំែល់សំែង់      

ការប្រប់ប្រងសំែល់សំែង់ជាមួយនឹងភាពចាស់លាស់ម្នការណែន្មចំាត់ណចង      

ការអ្នុវតាន៌ណននការប្រប់ប្រងសំែល់សំែង់ប្បកបតោយប្បសិ ធភាព      

សកមាភាពកាត់បនាយសំែល់សំែង់      

សកមាភាពតប្បើប្បាស់ត ើងវញិនូវសំែល់សំែង់      

ប ពិតសាធន៍ម្នការប្រប់ប្រងសំែល់សំែង់ និងវបបធម៌ម្នការសនេសំំម្ចរបស់ប្កុមហ ុនកនុងការតប្បើប្បាស់សោា រៈ      

ការប្តួតពិនិតយ និងតធវើសវនកមាប្បព័នធប្រប់ប្រងសំែល់សំែង់ជាត ៀងទាត់      

ការធាន្មការចូលរមួរបស់ភារើ ក់ព័នធទាងំអ្ស់តៅកនុងសកមាភាពប្រប់ប្រងសំែល់សំែង់      

សមតាភាពកនុងការប្ចបាច់បញ្ចូ លការប្រប់ប្រងសំែល់សំែង់តៅកនុងការវាយតម្មៃប្បសិ ធភាព      

ii) ធនធានមនុសេ ឬកោៃ ងំពលកមា 
ប្បសិ ធភាពម្នការបែាុ េះបណាា លការប្រប់ប្រងកាកសំែល់ដល់វសិវករនិងកមាករ      

ការោក់ភារកិចចោច់តោយណ កដល់កមាករឲ្យោន ំនួលខុសប្តូវកនុងការកាត់បនាយកាកសំែល់សំែង់      

ោនបុរគលិកកមាករជំន្មញប្រប់ប្គាន់      

ទឹកដៃឬរុែភាពការងារពលកមានើមួយ(Qualify of workmanship)      

iii) តគាលនតោបាយ និងយុ ធសាស្រ្សា 
ការបតងកើតតគាលនតោបាយតឹងរងឹតលើការប្រប់ប្រងសំែល់សំែង់តៅកនុងប្កុមហ ុន(រមួទាងំប្បព័នធប្រប់ប្រងសំែល់
សំែង់) 
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បា រ ណម ប្ត 

កប្មិត 
មិនប្សប ឬប្សប 

១ ២ ៣ ៤ ៥ 
ការបតងកើតណននការប្រប់ប្រងកាកសំែល់សំែង់សមរមយមុនចាប់តនាើមរតប្ោងសាងសង់នើមួយៗ      

ការកំែត់តគាលតៅកាត់បនាយកាកសំែល់សំែង់តៅប្រប់រតប្ោងសាងសង់តោយការតប្បើប្បាស់សោា រៈសំែង់
សនេសំំម្ច 

     

ការកំែត់តគាលតៅតប្បើប្បាស់សំែល់សំែង់ត ើងវញិតៅប្រប់រតប្ោងសាងសង់តោយបតងកើន ការតប្បើប្បាស់សោា រៈ
ណដលតៅតសសសល់តហើយអាចតប្បើប្បាស់បាន 

     

រមួបញ្ចូ លតួន្ម ើប្កុមហ ុនត  ការបន្មទ ប់(subcontractor)តៅកនុងកិចចសនាកនុងការ  ួលខុសប្តូវតលើការប្រប់ប្រងកាក
សំែល់សំែង់ 

     

ការនាល់រងាវ ន់តលើក ឹកចិតាដល់កិចចខិតខំប្បឹងណប្បងកាត់បនាយកាកសំែល់សំែង់ដល់ប្កុមការងារ      

ណសវងរកការគាបំ្ ពើោច ស់រតប្ោងតលើការប្រប់ប្រងកាកសំែល់សំែង់      

 ប់សាក ត់តប្គាេះថ្នន ក់តៅការោា នសាងសង់      

iv) សោា រៈសំែង ់
តជៀសវាងការបញ្ញា  ិញខុស និងប្តូវ ិញសោា រៈណដលប្តឹមប្តូវតៅតមខាន ត  ំហ ំនិងបរោិែ      
រែន្មបរោិែសោា រៈ(BoQ) ប្តឹមប្តូវ និងទាន់តពលតវលាសប្ោប់តប្បើប្បាស់      
តប្បើប្បាស់សោា រៈសំែង់ណដលោនរុែភាព និងសាង់ោ      
 ោៃ ប់បញ្ចូ លសោា រៈមកកនុងការោា នតមតប្មូវការតប្បើប្បាស់តោយមិន ុកររ ឬសាុកយូរតៅការោា ន(JIT)      
ប្បុងប្បយត័នខពស់កនុងការដឹកជញ្ាូ ន និងការតលើកោក់សោា រៈតជៀសវាងការបាក់ណបកឬខូចខាត      
ោនភាពចាស់លាស់កនុងការប្តួតពិនិតយសោា រៈតៅការោា ន (ឧ. ប្តួតពិនិតយសោា រៈតៅតពលដឹកមកដល់ការោា ន 
។ល។) 

     

កំណត់និងតរៀបចំ ើតងំគោល(Central areas)សប្ោប់កាត់និងោក់សោា រៈសំែង់       
ការប្បុងប្បយត័នខពស់កនុងការតលើកោក់តៅនឹងកណនៃងរកា ុកសោា រៈតៅតមប្កុមឬប្បតេ របស់វា      
ោនសនាិសុខតឹងរងឹតៅការោា នសាងសង់ (ការ រការលួច និងការបាត់បង់)      
v) តប្រឿងចប្ក ឬឧបករែ៍ 
ោនតប្រឿងចប្ក ោនយនា និងឧបករែ៍ប្រប់ប្គាន់តដើមបើតប្បើប្បាស់តៅប្រប់រតប្ោង       
ធាន្មបាននូវរុែភាពតប្រឿងចប្ក ោនយនា និងឧបករែ៍ ណដលប្តូវតប្បើប្បាស់តៅប្រប់រតប្ោង      
ោនភាពសាទ ត់ជំន្មញកនុងការបញ្ញា ឬតប្បើប្បាស់នូវប្រប់តប្រឿងចប្ក ោនយនា និងឧបករែ៍ ទាងំអ្ស់      
តប្បើប្បាស់ប្បតេ រន្មទ និងជនទល់ណដលអាចតប្បើប្បាស់បានតប្ចើនដង(ឧ. តធវើពើណដក ផ្លៃ សទិក។ល។)      
តប្បើប្បាស់កមាវធិើ BIM សប្ោប់រតប្ោង និងោនភាពសាទ ត់ជំន្មញកនុងកមាវធិើតនេះ      
តប្បើប្បាស់កមាវធិើបតចចកវ ិាព័ត៌ោន ក់ព័នធតនេងត ៀតសប្ោប់រតប្ោង និងោនភាពសាទ ត់ជំន្មញកនុងកមាវធិើតនេះ      
vi) វធិើសាស្រ្សា និងដំតែើ រការសាងសង ់      
 ំហ ំើតងំការោា នធំសមរមយ និងតរៀបចំបៃង់កនុងការោា នោ ងោនប្បសិ ធភាពតដើមបើោនភាពងាយប្សួលកនុងការបំ
លាស់ ើតប្រឿងចប្ក និងសោា រៈ 

     

តប្បើប្បាស់តប្រឿងបងគំណដលចាក់តហើយប្សាប់ (ឧ. តប្បើបនទេះបៃង់តសចាក់ប្សាប់ពើតរងចប្ក)      
តប្បើប្បាស់តប្រឿងសងាា រមិណដលនគុ ំតហើយប្សាប់ពើតរងចប្កឬតរងជាង តួោ ងដូចជាបនទប់ ឹកឬណននកខៃេះម្នចស្រ្ងាក នបាយ      
វាស់ និងកាត់សោា រៈោនការប្បុងប្បយត័នខពស់ និងសនេសំំម្ច      
កាត់បនាយកាកសំែល់ពើដំតែើ រការសកមាភាពការងារនើមួយៗតៅកនុងការសាងសង់ (ឧ. ការលាយបាយអ្តលើស
តប្មូវការតប្បើប្បាស់តប្ចើន) 

     

កាត់បនាយការវាយតចាល និងតធវើត ើងវញិនូវណននកតនេងៗម្នអ្គារ (ឧ. ចាក់ជតែាើ រខុស រចួវាយតចាល និងតធវើត ើងវញិ)      
ោក់ធុងសប្ោមប្រប់ជាន់កនុងអ្គារណដលកំពុងសាងសង់      
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បា រ ណម ប្ត 

កប្មិត 
មិនប្សប ឬប្សប 

១ ២ ៣ ៤ ៥ 
ណបងណចកធុងសប្ោមតៅតមប្បតេ ម្នសប្ោមតៅការោា ន      
ោក់សប្ោមតៅ ើតងំណដលងាយប្សួលោក់ និងដឹកជញ្ាូ ន      
vii) ឯកសារសំែង ់
ការប្រប់ប្រងឯកសារ ក់ព័នធនឹងសំែល់សំែង់ប្បកបតោយប្បសិ ធភាព (ឧ. បរោិែសប្ោម ប្បតេ សប្ោម 
។ល។) 

     

ការសិកាលមអិត និងហាត់ចត់អំ្ពើបៃង់ និងSpec       
  ួលបាននូវវញិ្ញា បនបប្តសាង់ោរុែភាពតនេងៗ (ឧ. ISO, GREEN, etc.)      
ោនការ ុកោក់ និងសិកានូវឯកសារណដលជាប ពិតសាធន៍ធាៃ ប់អ្នុវតាកនៃងមកទាក់ ង និងការប្រប់ប្រងសំែល់
សំែង់ 

     

តជៀសវាងការតធវើបៃង់សមអិត shop drawing ខុស      
កាត់បនាយការណកបៃង់ឌើសាញតពលកំពុងសាងសង់      
កាត់បនាយការផ្លៃ ស់បាូរឬណកកុនការងារសាងសង់ណដលប្តូវតប្បើប្បាស់ថវកិាបណនាម(VO)      
តប្ៅពើបា រ ណម ប្តណដលបានតរៀបរប់ខាងតលើ តតើអ្នករិតថ្នតៅោនបា រ ណម ប្តអ្វើតនេងត ៀតត ? សូមបញ្ញា ក់ខាងតប្កាម៖ 
      

      

      

      

      

      

      

 

ប្កុមការងារសូមណថៃងអ្ំែររុែោ ងប្ជាលតប្ៅចំត េះតពលតវលាដ៏ោនតម្មៃរបស់អ្នកកនុងការត្ៃើយសែួំរតនេះ! 
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แบบสอบถามการทวนสอบความเช่ียวชาญ 
คณุสมบติัของผู้รบัเหมาท่ีมีส่วนช่วยในการจดัการของเสียจากการก่อสร้างในโครงการ

ก่อสร้างอาคารอย่างมีประสิทธิภาพ 
 
เรียนท่านผู้ท่ีเก่ียวข้อง 
ทางทมีนักวจิยัตอ้งการขอความคดิเหน็ของท่าน ในการท าแบบส ารวจซึง่เป็นส่วนหนึ่งของงานวจิยัหลกัสตูรปรญิญาสองประเทศ 

ระดบัปรญิญาเอก (Double Ph.D. degree) ซึ่งเป็นงานวจิยัเกีย่วกบัการประเมนิการการจดัการของเสยีจากการก่อสรา้งอย่างมี
ประสิทธิภาพ (Effective Construction Waste Management หรือ CWM) งานวิจัยนี้ ได้รับการสนับสนุนจากโครงการ 
AUN/SEED-Net Collaborative Education Program หรือ CEP ภายใต้การดูแลของ รองศาสตราจารย์ ดร.เกรียงศักดิ ์ภา
นุวฒัน์วนิชย์ จากสถาบนัเทคโนโลยนีานาชาติสิรนิธร (SIIT) จากมหาวทิยาลยัธรรมศาสตร์ (Thammasat University) และ 
Prof. Dr. Koji MATSUMOTO จากมหาวทิยาลยัฮอกไกโด (Hokkaido University) 

เก่ียวกบัแบบส ารวจ 
งานส ารวจนี้เป็นขัน้ตอนแรกของกระบวนการพฒันารปูแบบการประเมนิ โดยมวีตัถุประสงคเ์พื่อการตรวจสอบเบือ้งตน้ของ
ชุดคุณลกัษณะทีม่ส่ีวนเกีย่วขอ้งในการจดัการของเสยีจากการก่อสรา้งในโครงการก่อสรา้งอย่างมปีระสทิธภิาพ (CWM) โดย
ท่านเป็นผูท้ีถู่กระบุเป็นผูท้ีม่คีวามเกีย่วขอ้งในการจดัการของเสยีจากการก่อสรา้ง (CWM) ซึง่เหมาะสมแก่การทบทวนความ
เหมาะสมของแบบสอบถามนี้ 

การรกัษาความลบั 
ขอ้มูลทัง้หมดจะถูกใชเ้พื่อวตัถุประสงค์ทางการศกึษาเท่านัน้ ขอ้มูลทีถู่กจดัเกบ็จะมกีารรกัษาความปลอดภยั โดยจะไม่มกีาร
ระบุตวัตนของผูต้อบแบบสอบถามในการวจิยันี้ 

โครงสร้างของแบบสอบถาม 
แบบสอบถามนี้มทีัง้หมด 5 หน้า ประกอบไปด้วย 2 ส่วนหลกัไดแ้ก่  ส่วนที่ 1: ขอ้มูลพื้นฐานของผูต้อบแบบสอบถามและ
บรษิทัปัจจุบนัของผูต้อบแบบสอบถาม และส่วนที ่2: การก าหนดคุณลกัษณะส าหรบัการประเมนิการจดัการของเสยีจากการ
ก่อสรา้งในโครงการก่อสรา้งอย่างมปีระสทิธภิาพ  

ระยะเวลาการตอบแบบสอบถาม 
การท าแบบสอบถามจนเสร็จสมบูรณ์จะใช้เวลาประมาณ 15 นาท ีหวงัเป็นอย่างยิง่ว่าจะได้รบัความอนุเคราะห์จากผู้ตอบ
แบบสอบถาม ในการด าเนินการตอบแบบสอบถามใหเ้สรจ็สมบูรณ์ สามารถด าเนินการส่งใหแ้ก่ผูว้จิยัผ่านทางอเีมล์ ไดจ้นถงึ
วนัที ่12 มนีาคม 2566 
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แบบสอบถามส าหรบัการตรวจสอบโดยผู้เช่ียวชาญ 
 

ส่วนท่ี 1: ประวติัส่วนตวั 
ต ำแหน่งปัจจุบนัของท่ำนในองคก์ร (อำท ิผูจ้ดักำรโครงกำร อำจำรยส์ำขำวชิำกำรจดักำรงำนก่อสรำ้ง เป็นตน้) 
____________________________
 
วุฒกิำรศกึษำระดบัสงูสุดของท่ำน 

☐ ปรญิญำตร ี

☐ ปรญิญำเอก  

☐ ปรญิญำโท 

☐ อื่นๆ (โปรดระบุ): _____________

 
ท่ำนมปีระสบกำรณ์ในอุตสำหกรรมกำรก่อสรำ้งกีปี่

☐ 0-5  ☐ 6-10  ☐ 11-20  ☐ 21-30 ☐ มำกว่ำ 30
 

ท่ำนมปีระสบกำรณ์กำรท ำงำนเป็นผูร้บัเหมำกีปี่

☐ 0-5  ☐ 6-10 ☐ 11-20 ☐ 21-30 ☐ Over 30
 

ท่ำนมปีระสบกำรณ์กำรท ำงำนทีเ่กีย่วขอ้งกบักำรจดักำรของเสยีจำกกำรก่อสรำ้งในโครงกำรก่อสรำ้งกีปี่  

☐ 0-5  ☐ 6-10 ☐ 11-20 ☐ 21-30 ☐ Over 30
 
โปรดระบุสำขำทีท่่ำนเชีย่วชำญ (สำมำรถระบุไดม้ำกกวำ่ 1 ตวัเลอืก)  

☐ วชิำชพีบรหิำรงำนก่อสรำ้ง 

☐ กำรบรหิำรงำนก่อสรำ้งเชงิวชิำกำร 

☐ วชิำชพีกำรจดักำรสิง่แวดลอ้ม 

☐ กำรจดักำรสิง่แวดลอ้มเชงิวชิำกำร 

☐ อื่นๆ (โปรดระบุ): ______________

 
โปรดระบุคุณสมบตัทิำงวชิำชพี/สงักดัของท่ำน (เช่น วศิวกรมอือำชพี หรอื PE, PMP, สมำชกิสภำวศิวกร และอื่นๆ) 
______________________________ 
 
ตวัเลอืกใดต่อไปนี้อธบิำยลกัษณะองคก์รของท่ำนไดด้ทีีสุ่ด 

☐ ผูร้บัเหมำ 

☐ ทีป่รกึษำ (บรหิำรโครงกำร) 

☐ มหำวทิยำลยั/สถำบนักำรศกึษำ 

☐ อื่นๆ (โปรดระบุ): ______________
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ส่วนท่ี 2: การก าหนดคณุลกัษณะส าหรบัการประเมินการจดัการของเสียจากการก่อสร้างในโครงการก่อสร้าง
อย่างมีประสิทธิภาพ 

ดำ้นล่ำงนี้คอืรำยกำรคุณสมบตัทิีถู่กคดัแยกและวเิครำะห์จำกงำนวจิยัทีเ่กี่ยวขอ้ง คุณสมบตัเิหล่ำนี้ถอืเป็นคุณสมบติัของ
ผู้รบัเหมาท่ีมีส่วนช่วยในการจดัการของเสียจากการก่อสร้าง (CWM) ในโครงการก่อสร้างอย่างมีประสิทธิภาพ  

จำกควำมรูแ้ละประสบกำรณ์ของท่ำน ท่ำนเหน็ดว้ยหรอืไม่เหน็ดว้ยมำกน้อยเพยีงใด ทีร่ำยกำรแต่ละขอ้ดงัต่อไปนี้มคีวำม
เกีย่วขอ้งกบัการจดัการของเสียจากการก่อสร้าง (CWM) ในโครงการก่อสร้างอยา่งมีประสิทธิภาพ โปรดท ำ

เครื่องหมำย (✔) ตำมระดบัควำมเหน็ของท่ำนต่อขอ้ควำมดงักล่ำว 

หมายเหตุ: 1: ไม่เหน็ดว้ยอย่างยิง่; 2: ไม่เหน็ดว้ย; 3: ปานกลาง; 4: เหน็ดว้ย; 5: เหน็ดว้ยอย่างยิง่ 

คณุสมบติั 
ระดบั
ความเหน็ 
1 2 3 4 5 

๑) การบริหารจดัการและความเป็นผู้น า 
ควำมตระหนักถงึผลกระทบจำกของเสยีจำกกำรก่อสรำ้งทีส่่งผลต่อกำรก่อสรำ้งอย่ำงยัง่ยนื      
กำรจดักำรสถำนทีก่่อสรำ้งทีม่ปีระสทิธภิำพและประสทิธผิล      
กำรประสำนงำนและกำรสื่อสำรทีม่ปีระสทิธภิำพกบัผูม้ส่ีวนไดเ้สยีในโครงกำร (Stakeholders)      
ควำมมุ่งมัน่ของผูบ้รหิำรระดบัสงูในกำรด ำเนินกำรตำมแนวทำงปฏบิตัดิำ้นกำรจดักำรของเสยี      
กำรจดัโครงสรำ้งองคก์รทีม่ปีระสทิธภิำพในกำรจดักำรของเสยี      
กำรก ำกบัดแูลขัน้ตอนกำรจดักำรของเสยีพรอ้มคูม่อืกำรปฏบิตังิำนทีม่คีวำมชดัเจนและค ำสัง่ทีช่ดัเจน      
กำรด ำเนินกำรตำมแผนกำรจดัของเสยีอย่ำงมปีระสทิธภิำพ      
มกีำรด ำเนินกำรเพื่อลดกำรเกดิของเสยีจำกกำรก่อสรำ้ง      
มกีำรใชซ้ ้ำเพื่อลดของเสยีจำกกำรก่อสรำ้ง      
มปีระสบกำรณ์กำรท ำงำนเกีย่วกบักำรจดักำรของเสยีจำกกำรก่อสรำ้ง และวฒันธรรมองคก์รทีม่กีำรลด
กำรสรำ้งของเสยี 

     

ตดิตำมและตรวจสอบระบบกำรจดักำรของเสยีอย่ำงสม ่ำเสมอ      
ตรวจสอบควำมเกีย่วขอ้งของผูม้ส่ีวนไดส่้วนเสยีทัง้หมดในกจิกรรมกำรจดักำรของเสยี      
ควำมสำมำรถในกำรปรบัใชก้ำรจดักำรของเสยีจำกกำรก่อสรำ้งเพื่อกำรประเมนิ      
๒) ก าลงัแรงงาน 
กำรฝึกอบรมทีม่ปีระสทิธภิำพส ำหรบัวศิวกรและแรงงำนในดำ้นกำรจดักำรของเสยี      
มอบหมำยงำนใหพ้นักงำนมคีวำมรบัผดิชอบเป็นพเิศษในกำรลดของเสยีทีเ่กดิขึน้จำกกจิกรรมกำร
ก่อสรำ้งใหเ้หลอืน้อยทีสุ่ด 

     

มจี ำนวนแรงงำนฝีมอืทีเ่พยีงพอ      
คุณภำพของแรงงำนฝีมอื      
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คณุสมบติั 
ระดบั
ความเหน็ 
1 2 3 4 5 

๓) นโยบายและกลยุทธ ์
ก ำหนดนโยบำยทีเ่ขม้งวดในกำรจดักำรของเสยีจำกกำรก่อสรำ้งภำยในองคก์ร (รวมถงึระบบกำรจดักำร
ของเสยีจำกกำรจำกกำรก่อสรำ้ง) 

     

จดัท ำแผนกำรจดักำรของเสยีทีเ่หมำะสมในช่วงเริม่ตน้ของกำรกอ่สรำ้งแต่ละขัน้ตอน      
ก ำหนดเป้ำหมำยกำรลดของเสยีในทุกโครงกำร โดยลดกำรใชว้สัดุใหไ้ดม้ำกทีสุ่ด      
ก ำหนดเป้ำหมำยกำรน ำของเสยีกลบัมำใชใ้หม ่ (Waste Resuse) ในทุกโครงกำร โดยเพิม่กำรน ำวสัดุ
กลบัมำใชใ้หม่ (Reuse of Material) ใหไ้ดม้ำกทีสุ่ด 

     

เพิม่ควำมรบัผดิชอบใหแ้ก่ผูร้บัเหมำช่วง (subcontract) ส ำหรบัเป้ำหมำยในกำรจดักำรของเสยีใน
เอกสำรสญัญำ 

     

มขีอ้เสนอสิง่จงูใจใหเ้กดิควำมพยำยำมในกำรลดของเสยีใหก้บัทมีงำนในโครงกำร      
ไดร้บักำรคดัเลอืกและกำรสนับสนุนจำกเจำ้ของโครงกำร ส ำหรบักำรจดักำรของเสยีจำกงำนก่อสรำ้ง      
กำรหลกีเลีย่งอุบตัเิหตุในพืน้ทีก่อ่สรำ้ง      
๔) วสัด ุ
กำรหลกีเลีย่งจำกค ำสัง่ซื้อทีผ่ดิพลำดและกำรสัง่ซื้อวสัดุทีม่ปีรมิำณและขนำดทีเ่พยีงพอ      
กำรจดัดำ้นกำรถอดปรมิำณวสัดแุละ/หรอืใบเสรจ็ทีม่คีวำมแม่นย ำและตรงตำมก ำหนดเวลำ      
กำรใชว้สัดุทีม่คีุณภำพ ทนทำน และไดม้ำตรฐำน      
กำรเลอืกใชร้ะบบกำรผลติแบบทนัเวลำพอด ี(Just in Time delivery  หรอื JIT)      
มกีำรป้องกนัทีเ่พยีงพอในขัน้ตอนกำรขนส่งและล ำเลยีง (ทัง้แบบ Loading และ Unloading)      
มกีำรควบคมุวสัดุในสถำนทีอ่ย่ำงแม่นย ำ (เช่น กำรตรวจสอบวสัดุเมื่อมำถงึ เป็นตน้)      
มพีืน้ทีส่่วนกลำงส ำหรบังำนตดัแต่งและจดัเกบ็วสัด ุ      
มกีำรป้องกนัวสัดุแต่ละประเภท อย่ำงเหมำะสมระหว่ำงกำรจดัเกบ็และกำรกองเกบ็วสัด ุ      
มกีำรรกัษำควำมปลอดภยัอย่ำงเขม้งวดในบรเิวณโครงกำร (เชน่ กำรป้องกนักำรโจรกรรมและกำรสญู
หำยของวสัดุ) 

     

๕) อปุกรณ์หรือเคร่ืองมือ 
ควำมมัน่ใจดำ้นควำมพรอ้มของอุปกรณ์ทีจ่ ำเป็นในกำรใชง้ำนส ำหรบัทุกโครงกำร (เช่น เครื่องมอื 
เครื่องจกัร และยำนพำหนะ) 

     

ควำมมัน่ใจดำ้นคุณภำพของอุปกรณ์ทัง้หมดทีจ่ะถูกใชใ้นทุกโครงกำร      
มคีวำมคุน้เคยและมคีวำมช ำนำญในกำรใชอุ้ปกรณ์ทัง้หมด      
กำรใชง้ำนนัง่รำ้นและแบบหล่อทีส่ำมำรถใชซ้ ้ำไดห้ลำยครัง้ (เชน่ โลหะ พลำสตกิ ฯลฯ)      
กำรประยุกตใ์ช ้Building Information Modeling หรอื BIM ส ำหรบัโครงกำรเพื่อท ำควำมคุน้เคยกบักำร
ใชง้ำน 

     

กำรประยุกตใ์ชเ้ทคโนโลยสีำรสนเทศอื่นๆ ทีเ่กีย่วขอ้งส ำหรบัโครงกำรและท ำควำมคุน้เคยกบักำรใชง้ำน      
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คณุสมบติั 
ระดบั
ความเหน็ 
1 2 3 4 5 

๖) วิธีการและขัน้ตอนการก่อสร้าง      
มพีืน้ทีภ่ำยในโครงกำรทีเ่พยีงพอ และผงับรเิวณทีม่กีำรจดักำรส ำหรบักำรเคลื่อนยำ้ยวสัด ุ      
มกีำรใชอ้งคป์ระกอบโครงสรำ้งส ำเรจ็รปู หรอื Prefabricated Structural Elements      
ใชส่้วนประกอบทีป่ระกอบไวล่้วงหน้ำ หรอื Preassembled Components เช่น หอ้งน ้ำและชุดครวัแบบ
โมดลูำร ์

     

กำรใชว้สัดุอย่ำงมปีระสทิธภิำพและลดรปูทรงและควำมยำวกำรตดัทีส่ิน้เปลอืงใหน้้อยทีสุ่ด      
ลดของเสยีจำกกระบวนกำรก่อสรำ้งใหเ้หลอืน้อยทีสุ่ด (เช่น กำรเตรยีมปนูมำกเกนิกว่ำกำรใชง้ำน)      
ลดกำรท ำงำนซ ้ำซอ้นทีบ่รเิวณก่อสรำ้ง      
มกีำรตดิตัง้ถงัส ำหรบัใส่ของเสยีทุกชัน้ในอำคำร      
มกีำรแยกประเภทถงัส ำหรบัใส่ของเสยีตำมประเภทของของเสยีและมกีำรคดัแยกของเสยีทีห่น้ำงำน      
มกีำรจดัเกบ็ของเสยีในพืน้ทีท่ีส่ำมำรถเขำ้ถงึไดง้ำ่ย      
๗) เอกสารในโครงการ 
กำรควบคุมจดักำรเอกสำรใหม้ปีระสทิธภิำพในกำรจดักำรของเสยีจำกกำรก่อสรำ้ง (จ ำนวน ชนิด ฯลฯ)      
มกีำรศกึษำรำยละเอยีดและมคีวำมเขำ้ใจอย่ำงถ่องแทเ้กีย่วกบัขอ้ก ำหนดและแบบรำยละเอยีด      
กำรจดักำรคุณภำพระดบัมอือำชพีและกำรรบัรอง (เช่น ISO, GREEN เป็นตน้)      
เกบ็บนัทกึบทเรยีนจำกกำรเรยีนรูเ้กีย่วกบักำรจดักำรของเสยีจำกกำรก่อสรำ้ง      
กำรป้องกนัขอ้ผดิพลำดในกำรจดัท ำรำยละเอยีดของงำนก่อสรำ้ง      
ลดกำรเปลีย่นแปลงแกไ้ขกำรออกแบบระหว่ำงกำรก่อสรำ้ง      
ลดกำรใชค้ ำสัง่เปลีย่นแปลงงำน Variation Order หรอื VO (ใบลดงำน หรอืใบเพิม่งำน)      
คณุสมบติัอ่ืน ๆ : นอกเหนือจำกคุณสมบตัทิีก่ ำหนดให ้ท่ำนสำมำรถแนะน ำคุณสมบตัอิื่นๆทีเ่กีย่วขอ้งได ้(ถำ้ม)ี 
      
      
      
      
      
      
      

 

ขอบพระคุณส ำหรบักำรสละเวลำของท่ำนในกำรท ำแบบสอบถำมนี้ 
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APPENDIX 2 

QUESTIONNAIRE FOR DATA COLLECTION EFA AND CFA IN 

ENGLISH, KHMER, AND THAI 

 

  



 

 

 
 

QUESTIONNAIRE  

Attributes Contributing to Better Construction Waste Management in 

Building Construction 

 
Dear Sir/ Madam, 

I would like to seek your input in completing a survey that is part of double Ph.D. degree research that seeks 

to improve construction waste management (CWM). This double Ph.D. degree research is sponsored by the 

AUN/SEED-Net Collaborative Education Program (CEP) under the supervision of Assoc. Prof. Dr. 

Kriengsak PANUWATWANICH (at Sirindhorn International Institute of Technology, Thammasat 

University) and Assoc. Prof. Dr. Koji MATSUMOTO (at Hokkaido University). 

About this survey 

The aim of this survey is to assess the significant of attributes contributing to the better performance of 

CWM. The survey is the phase of the development process of the assessment model for CWM. You have 

been identified as an expert who can provide valuable input to this survey. 

Confidentiality 

The information will be used for academic purposes only. All information collected will be stored securely, 

and you will not be identified at any point in this research. Any reporting or summaries derived from the 

data will be presented in an aggregated form, without any individual identification or specific answers. 

Questionnaire structure 

This questionnaire contains three pages and consists of two main parts. Part I: Background of you and your 

company. Part II: Rating the effect level of attributes on the better performance of construction waste 

management.  

Duration of the survey 

The survey takes approximately 15 minutes to complete, and it would be very much appreciated if you 

could kindly finish it on or before 31st August 2023. 

The research team would be most grateful for your time and consideration in contributing to this research. 

Please direct any inquiries about this research to: 

Mr. Vuthea MIN (Doctoral Researcher), Email: minvuthea@gmail.com, Cell No.: +66-905909078 

 
Thanks, and regards,  

16th August 2023 

 
Vuthea MIN 

 

 

SIIT, Thammasat University, 

Thailand, and 
Hokkaido University, Japan 

Assoc. Prof. Dr. Kriengsak 

PANUWATWANICH 

 
 

SIIT, Thammasat University, 

Thailand 

Assoc. Prof. Dr. Koji 

MATSUMOTO 

 
 

Hokkaido University, Japan 
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QUESTIONNAIRE 

Part I: Background Information  

 

Note: Respondents are expected to have a minimum of approximately 1 year experience as a contractor 

(this experience could be at any point in your entire career) 

 

Please provide the necessary information. 

 

1.1)  Country where your company located:  

☐ Cambodia ☐ Thailand  

 

1.2)  Your current position within your company: (Please tick only one option that best describes your 

position.)

☐ Owner/ Executive   

☐ Project Manager (PM)   

☐ Senior staff  

☐ Staff  

☐ Other (please specify): ______________ 

 

1.3) Your current professional role within your company:

☐ Engineer 

☐ Architect  

☐ Other (please specify): ______________ 

 

1.4)  Your highest level of education:   

☐ Vocational training/diploma or lower  

☐ Bachelor's degree  

☐ Master's degree or higher  

☐ Other (please specify): ______________

1.5)  Your years of experience in the construction industry: 

☐ Below 5  ☐ 5-10 ☐ 11-20 ☐ 21-30 ☐ Over 30

 

1.6)  Your years of experience working as contractor(s): (Note: Contractor means main contractor/ general 

contractor/ contractor, but exclude sub-contractor) 

☐ Below 5  ☐ 5-10 ☐ 11-20 ☐ 21-30 ☐ Over 30 

 

1.7)  Your years of experience working in building construction project(s):  

☐ Below 5 ☐ 5-10 ☐ 11-20 ☐ 21-30 ☐ Over 30 

 

1.8)  To what extent have you been involved in construction waste management (CWM) throughout your 

experience in building construction projects? (e.g., participated in CWM activities at the project site, 

discussed CWM in meetings, taken steps to minimize material usage, etc.)

☐ Never    ☐ Rarely   ☐ Sometimes     ☐ Often  ☐ Always   

 

1.9)  Your professional qualification(s): (Tick as appropriate, multiple options are applicable):  

☐ Professional Engineer (PE)   

☐ ACPE/ APEC Engineer  

☐ Professional Architect   

☐ Project Management Professional (PMP)  

☐ TREES/ LEED 

☐ None  

☐ Other (please specify): ______________
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Part II: Rating the Effect Level of Attributes on the Better Performance of Construction Waste 

Management  

To the best of your knowledge and experience, please rate (✔) the level of effect that each of the following 

attributes has on improving the performance of construction waste management (CWM) in building 

construction. 

Note: 1:  No effect; 2:  Minor effect; 3:  Moderate effect; 4:  Significant effect; 5:  Very significant effect. 

   Attributes Effect level  
1 2 3 4 5 

A) Management and leadership       

A1: Effective site management       

A2: Effective communication with all stakeholders      

A3: Senior management's commitment to implementing waste management (WM) practices      

A4: Implementing an effective organizational structure for WM      

A5: Supervision of WM activities with clear instructions      

A6: Properly following a WM plan      

A7: Monitoring and auditing waste management systems periodically (e.g., every 3 months)      

B) Manpower       

B1: Having enough skilled workers in every project       

C) Policy and strategy      

C1: Establishment of a strict CWM policy within the company (including the CWM system)       

C2: Establishment of an appropriate WM plan in the earlier stage of each construction project       

C3: Setting a “Waste Reduction Target” for every project by maximizing the reduction of materials 
usage (e.g., reducing wastage from 15% to 10% of all materials usage) 

     

C4: Including subcontractor responsibilities for WM targets in the contract      

C5: Offering incentives for waste minimization efforts to the project team (e.g., money, certificate)       

C6: Preventing site accidents (e.g., fires and deaths causing material waste and project delays)      

D) Materials      

D1: Precise material purchasing (i.e., preventing order errors, right sizes and quantities)      

D2: On-time and accurate quantification of materials/bills of quantities       

D3: Using quality, durable, and standardized materials (i.e., according to specification)      

D4: Adopting Just in Time delivery (JIT) system      

D5: Adequate protection of material transportation and handling (loading and unloading)      

D6: Precise on-site material control (e.g., inspecting the materials when they arrive, etc.)      

D7: Adequate protection of different categories of materials during storing and stacking      

D8: High level of security at the project site (i.e., prevent theft and loss of materials)      

E) Equipment or tools      

E1: Ensuring the availability of equipment required for every project (i.e., tools, machines, and 
vehicles) 

     

E2: Ensuring the quality of all equipment to be used in every project       

E3: Be familiar with the usage of all equipment (i.e., persons in charge)      

E4: Utilizing scaffolding and formwork that can be reused many times (e.g., metal, plastic, etc.)      

E5: Utilizing Building Information Modeling (BIM) for the project and be familiar with its 
application 

     

E6: Utilizing other related information technologies for the project and be familiar with their 
application 

     

F) Construction method and process      

F1: Adequate site space and the site layout are cleared for materials movement      
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   Attributes Effect level  
1 2 3 4 5 

F2: Adopting preassembled components such as bathroom and kitchen pods      

F3: Efficient use of materials and minimizing the uneconomical cutting shapes and length       

F4: Implementing proper method statement for each activity, including minimizing waste from 
application processes 

     

F5: Minimizing rework at the construction site      

F6: Bins are installed on every floor      

F7: Setting up separated bins according to the waste type and sort out waste at the site       

F8: Storing construction waste in easily accessible areas      

G) Documentation      

G1: Effective document control of CWM, including tracking the amounts and kinds of CW 
generated 

     

G2: Detailed study and thorough understanding of specifications and drawings      

G3: Professional quality management and certification (e.g., ISO, GREEN, etc.)      

G4: Keeping lessons learned repository about CWM      

G5: Preventing shop drawing detailing errors (i.e., implementing a proper process check)      

G6: Minimizing design changes during construction       

G7: Minimizing variation orders (VO)       

 

 

In case you have any comment or question, please add bellow: 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

 

 

Thank you very much for your valuable time in answering this questionnaire!  
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កម្រងសណួំរ 
ប៉ា រ៉ា មរ៉ាម្រ/កត្តា សម្ាបវ់ាសស់ទងឬ់វាយរម្រៃលលើម្បសទិ្ធភាពម្ៃការម្រប់ម្រងសណំល់

សណំង់លៅការដ្ឋា ៃសាងសង ់
 

សូមគោរពជម្រាបសួរ គោក គោកម្រសី! 

 ខ្ញ ុំបាទសូមគោរពអនញញ្ញា តគោក គោកម្រសីគមត្តា ជួយគ្លីយនូវកម្រមងសុំណួរដែលជាដនែកមយួននការ
ម្រាវម្រជាវថ្នែ កប់ណឌិ ត(Double Ph.D. degree) ដែលជាដនែកមួយគែីមបគី្វីឲ្យម្របគសីរគ ងីកែញងការម្ររប់ម្ររងសុំណល់
សុំណង។់ រគម្រាងម្រាវម្រជាវថ្នែ កប់ណឌិ តគនេះោុំម្រទគោយរគម្រាងសហម្របតិបតាិការបគចេកគទសរបស់អងគការទី
ភ្នែ ក់ងារសហម្របតិបតាិការអនារជាតជិប ញនសម្រាបប់ណ្ដា ញាកលវទិាលយ័អាា៊ា ន/បណ្ដា ញអភិវឌ្ឍ ការអប់រ ុំវសិវក
មមអាសញភី្នរអាគរែយ ៍ (AUN/SEED-Net Collaborative Education Program) ដែលានាស្រ្ាា ចារយដណនុំ 
Assoc. Prof. Dr. Kriengsak PANUWATWANICH មកពីវទិាាា ន Sirindhorn International Institute of 
Technology(SIIT) ននាកលវទិាល័យ្មមាត(Thammasat University) ម្របគទសនៃ នងិ គោកាស្រ្ាា ចារយ 
Assoc. Prof. Dr. Koji MATSUMOTO មកពីាកលវទិាល័យហញកនកែូ(Hokkaido University)ម្របគទសជប ញន ។ 

អុំពីការសទង់មតិគនេះ 
គោលបុំណងននការសទង់មតិគនេះរឺគែមីបវីាយតនមលគលីបា រ ដម ម្រតឬកត្តា នីមួយៗដែលានឥទធពិលគលី

ម្របសិទធភ្នពននការម្ររប់ម្ររងសុំណល់សុំណង់ ដែលគនេះជាដនែកមយួគែីមបបីគងកតីម ូដែលសម្រាប់វាស់សទងឬ់វាយតនមល
គលីម្របសទិធភ្នពននការម្ររប់ម្ររងសុំណលស់ុំណង។់ គោក គោកម្រសីម្រតវូបានម្រកមុការងារគម្រជសីគរសីជាអែកជុំនញ
គែីមបនីាលព់័តា៌នសម្រាប់ការម្រាវម្រជាវគនេះ ។ 

ការសាា ត់ 
ព័ត៌ានទុំងគនេះនងឹម្រតូវគម្របសីម្រាប់គោលបុំណងសិកាម្រាវម្រជាវដតប ញគណ្ដណ េះ។ ចគមលយីរបសអ់ែកនងឹម្រតូវ

រកាជាការសាា តប់ុំនញត និង មនិម្រតូវបានបងាា ញអតាសញ្ញា ណគ យីកែញងការសិកាម្រាវម្រជាវគនេះ។ 

រចនសមព័នធននកម្រមងសុំណួរ  
កម្រមងសុំណួរគនេះ ានចុំននួ៣ទុំព័រ  ដែលកែញងគនេះាន២ ដនែកសុំខាន់ៗ រ ឺដនែកទ១ី៖ ពត័៌ានមូលោា ន/

ាវត្តររបស់អែក នងិម្រកុមហ៊ាញនរបស់អែក, ដនែកទ២ី៖ ការគ្វចីុំណ្ដត់ថ្នែ ក់ឥទធពិលរបស់បា រ ដម ម្រតនីមួយៗគលី
ម្របសិទធភ្នពននការម្ររប់ម្ររងសុំណលស់ុំណង។់ 

រយៈគពលននការសទង់មត ិ
ការសទង់មតិគនេះនឹងម្រតូវចុំណ្ដយគពលគវោម្របាណ ១៥នទី គែីមបបីញ្េប់។ សូមគមត្តា គ្លយីតបម្រតឹមនៃា

ទី៣១ ដខសីហា ឆ្ែ ុំ២០២៣ គនេះ។  
គយងីខ្ញ ុំសូមដៃលងអុំណររញណទញកជាមញន សម្រាបក់ារចុំណ្ដយគពលគវោ ការគោរយល់ នងិចិតាសបបញរស

របស់អែក កែញងការចូលរមួចុំដណកែល់ការម្រាវម្រជាវែ៏ានារៈសុំខាន់គនេះ! 
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កែញងករណីានចមាល់ ឬអវបីដនាម សូមទក់ទងគោក មីន វញទធ  (គបកខជនបណឌិ ត) ត្តមរយៈ Email: 
minvuthea@gmail.com ឬទូរស័ពទគលខ +៦៦-៩០៥៩០៩០៧៨ ។ 

គោយកាគីោរពពីខ្ញ ុំបាទ 
 

នៃាទី១៦ ដខសីហា ឆ្ែ ុំ២០២៣ 
 

គបកខជនបណឌិ ត                            
      មីន វញទធ  

 

SIIT, Thammasat 
University, Thailand, and 

Hokkaido University, 
Japan 

ាស្រ្ាា ចារយដណនុំ  
Assoc. Prof. Dr. Kriengsak 

PANUWATWANICH 
 

SIIT, Thammasat 
University, Thailand 

ាស្រ្ាា ចារយដណនុំ  
Assoc. Prof. Dr. Koji 

MATSUMOTO 
 

Hokkaido University, 
Japan 
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កម្រងសណួំរ 
 

ផ្នែកទ១ី ៖ ព័តម៌ានរលូដ្ឋា ន/សាវតារ  
សំគាល៖់ អ្នកឆ្លើយសណួំរត្រូវបានរពំឹងថាមានបទពិឆោធនក៍ារងារយ៉ា ងរិច១ឆ្ន ឆំៅកនុងត្កុមហ ុនោងសង់
(Contractor)ឆោយបទពិឆោធន៍ឆនេះអាចឆៅកនុងកឡុំងឆពលណាមួយននអាជើពការងាររបស់របសអ់្នក។ 
 
សូមឆមត្តា ផ្ាល់នូវព័រ៌មានដូចខាងឆត្កាម៖ 

1.1. ទើត្តងំត្កុមហ ុនដដលអ្នកកំពុងឆធវើការ៖
☐ ត្បឆទសកមពុជា ☐ ត្បឆទសនៃ   

1.2. រនួាទើរបស់អ្នកឆៅកនុងត្កុមហ ុន (សូមគូសធើកឆលើជឆត្មើសមួយដដលសខំាន់បផុំ្រអ្ពំើអ្នក) 

☐ អ្គគនាយកត្កុមហ ុន ឬគណៈត្គប់ត្គង ☐ បុគគលិកទូឆៅ 

☐ ត្បធានគឆត្មាង  ☐ ឆផ្េងឆទៀរ(សូមបញ្ជា ក់)______________ 
☐ បុគគលិកជានខ់្ពស/់ ឆរៀមចបង(Senior staff) 

1.3. សូមបញ្ជា ក់នូវមុខ្ជនំាញវជិាា ជើវៈរបស់អ្នក៖ 

☐ វសិវករ  ☐ ឆផ្េងឆទៀរ(សូមបញ្ជា ក់)______________ 

☐ ោា បរយករ   
1.4. កត្មរិអ្ប់រ/ំកត្មរិវបបធម៌របស់អ្នក៖ 

☐ បរញិ្ជា បត្ររង ឬទាបជាងឆនេះ ☐ អ្នុបណឌិ រ ឬបណឌិ រ 

☐ បរញិ្ជា បត្រ  ☐ ឆផ្េងឆទៀរ(សូមបញ្ជា ក់)______________ 
1.5. បទពិឆោធនរ៍បស់អ្នកឆៅកនុងឧសាហកមមសណំង់គរិជាឆ្ន ៖ំ
☐ រិចជាង៥           ☐ ៥-១០               ☐១១-២០ ☐ ២១-៣០ ☐ ឆលើសពើ ៣០ 

1.6. បទពិឆោធនរ៍បស់អ្នកឆៅកនុងត្កុមហ ុនឆ ៉ាការសណំង់(Contractors)គិរជាឆ្ន ៖ំ 
☐ រិចជាង៥           ☐ ៥-១០               ☐១១-២០ ☐ ២១-៣០ ☐ ឆលើសពើ ៣០

1.7. បទពិឆោធនរ៍បស់អ្នកឆៅកនុងគឆត្មាងោងសង់អ្គារគិរជាឆ្ន ៖ំ
☐ រិចជាង៥           ☐ ៥-១០               ☐១១-២០ ☐ ២១-៣០ ☐ ឆលើសពើ ៣០

1.8. ឆរើអ្នករមួចំដណកកត្មិរណាកនុងការងារទាក់ទងនឹងការត្គប់ត្គងសំណល់សណំង់កនុងគឆត្មាងោងសង់អ្គារ? 
(ឧទាហរណ៍៖ ការរមួចំដណកកនុងការត្គប់ត្គងសណំល់សណំង់ឆៅការោា ន ឬចូលរមួការត្បជុំដដលពាក់ព័នធនឹងការ
ត្គប់ត្គងសណំល់សណំង ់ឬការចូលរមួសនេសំំនចការឆត្បើត្បាស់សមាា រៈសណំង់ ។ល។)
☐មិនដដលឆោេះ           ☐ កត្មណាស់               ☐មាងមាា ល ☐ ញឹកញាប ់ ☐ ជាត្បច ំ
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1.9. សូមបញ្ជា ក់នូវវញិ្ជា បនបត្រជំនាញវជិាា ជើវៈរបសអ់្នក៖ (អាចគូសធើកឆលើសពើមួយបាន) 

☐ វសិវករអាជើព(PE) 

☐ វសិវករអាោ នឆ្នើម(ACPE) ឬវសិវករ APEC 

☐ ោា បរយករអាជើព 
☐ Project Management Professional (PMP) 

 

☐ TREES/ LEED 
☐ គាម ន 

☐ ឆផ្េងឆទៀរ (សូមបញ្ជា ក់) ________________

238 



ផ្នែកទី២ ៖ ការធ្វើចណំាត់ថ្នែ កឥ់ទធពិលរបសប់៉ា រ៉ា ផ្រ៉ាម្តនីរយួៗ ធលើម្បសទិធភាពននការ
ម្រប់ម្រងសណំលស់ណំង់ 

ឆោយឆយងឆៅត្តមបទពិឆោធន៍នងិចំឆណេះដឹងរបស់អ្នក សូមវាយរនមលឆោយគូស(✔)ឆលើកត្មរិននឥទធពិលឬភាព
សំខាន់ននបា៉ា រ៉ា ដម៉ាត្រ(កត្តា )នើមួយៗឆៅឆលើត្បសិទធភាពននការត្គប់ត្គងសណំលស់ណំងក់នុងគឆត្មាងោងសង់អ្គារ៖ 

សំគាល់: ១. គាម នឥទធពិលឆោេះ; ២. មានឥទធពិលរចិរួច; ៣. មានឥទធពិលមធយម; ៤. មានឥទធពិលខាល ងំ; ៥. មានឥទធិ
ពលខាល ងំណាស ់

 
បា៉ា រ៉ា ដម៉ាត្រ/ កត្តា  

កត្មិរ 
ននឥទធិពល 

១ ២ ៣ ៤ ៥ 
A) ត្គបត់្គង និងភាពជាអ្នកដឹកនា ំ
A1: ត្បសិទធភាពននការត្គប់ត្គងការោា នោងសង់      

A2: ត្បសិទធភាពកនុងការទំនាក់ទំនងឬសត្មបសត្មួលគឆត្មាងជាមួយភាគើពាក់ព័នធ      

A3: ការត្តងំចិរាកនុងការងារត្គប់ត្គងសំណល់សំណង់របស់អ្នកត្គប់ត្គងការោងសង់      

A4: ត្បសិទធភាពននការឆធវើនិងអ្នុវរាត្តមរចនាសមព័នធននការដបងដចកការងារត្គប់ត្គងសំណល់សំណង់      

A5: ការត្គប់ត្គងសំណល់សំណង់ជាមួយនឹងភាពចាស់លាស់ននការដណនាចំរ់ដចង      

A6: ការអ្នុវរានូវដផ្នការត្គប់ត្គងសំណល់សំណង់យ៉ា ងត្រឹមត្រូវ      

A7: ការត្រួរពិនិរយ និងឆធវើសវនកមមត្បព័នធត្គប់ត្គងសំណល់សំណង់ជាឆទៀងទារ់ (ឧ. ឆរៀងរល់បើដខ្មាង)      

B) ធនធានមនុសេ ឬកមាល ងំពលកមម 
B1: មានបុគគលិកកមមករជំនាញត្គប់ត្គាន់ត្គប់គឆត្មាងោងសង់      

C) ឆគាលនឆយបាយ និងយុទធោស្រសា 
C1: ការបឆងាើរឆគាលនឆយបាយរឹងរុងឹឆលើការត្គប់ត្គងសំណល់សំណង់ឆៅកនុងត្កុមហ ុន(រមួទាងំត្បព័នធត្គប់ត្គង
សំណល់សំណង់) 

     

C2: ការបឆងាើរដផ្នការត្គប់ត្គងកាកសំណល់សំណង់ចាស់លាស់មុនចប់ឆផ្ាើមគឆត្មាងោងសង់នើមួយៗ      

C3: ការកំណរ់ឆគាលឆៅការ់បនាយកាកសំណល់សំណង់ឆៅត្គប់គឆត្មាងោងសង់ឆោយការឆត្បើត្បាស់សមាា រៈ
សំណង់សនេសំំនច (ឧ. ការ់បនាយសំណល់សំណង់ពើ១៥%មកត្រឹម១០%សត្មាប់ត្គប់សមាា រៈឆត្បើត្បាស់) 

     

C4: ការរមួបញ្ចូ លរួនាទើត្កុមហ ុនឆ ៉ាការបនាា ប់(subcontractor)ឆៅកនុងកិចចសនាកនុងការទទួលខុ្សត្រូវឆលើការ
ត្គប់ត្គងកាកសំណល់សំណង់ 

     

C5: ការផ្ាល់រងាវ ន់ឆលើកទឹកចិរាដល់កិចចខិ្រខំ្ត្បឹងដត្បងការ់បនាយកាកសំណល់សំណង់ដល់ត្កុមការងារគឆត្មាង      

C6: ការទប់ោា រ់ឆត្គាេះថាន ក់ឆៅការោា នោងសង់ (ឧ. អ្គគិសភ័យបងាឲ្យឆ្េះឬខូ្ចខារសមាា រៈ ឆត្គាេះថាន ក់ោល ប់បងាឲ្យ
មានការពនារឆពលឬបិទការោា ន ដដលជាឆហរុឆធចើឲ្យសមាា រៈដដលបញ្ជា ទិញឆហើយខូ្ចខារឬខ្ាេះខាា យ) 

     

D) សមាា រៈសំណង ់
D1: ការបញ្ជា ទិញសមាា រៈឲ្យបានត្រឹមត្រូវ (ឧ. ឆជៀសវាងការបញ្ជា ទិញខុ្ស និងត្រូវទិញសមាា រៈដដលត្រឹមត្រូវឆៅត្តម
ខាន រ ទំហ ំនិងបរមិាណ) 

     

D2: ការគណនាបរមិាណសមាា រៈ (BoQ) ត្រឹមត្រូវ និងទាន់ឆពលឆវលាសត្មាប់ឆត្បើត្បាស់      
D3: ការឆត្បើត្បាស់សមាា រៈសំណង់ដដលមានគុណភាព និងសាង់ោ (ឆោយឆយងឆៅត្តម Spec)      
D4: ទមាល ប់បញ្ចូ លសមាា រៈមកកនុងការោា នត្តមរត្មូវការឆត្បើត្បាស់ឆោយមិនទុកគរ ឬសាុកយូរឆៅការោា ន (JIT)      
D5: ត្បុងត្បយរ័នខ្ពស់កនុងការដឹកជញ្ាូ ន និងការឆលើកោក់សមាា រៈឆជៀសវាងការបាក់ដបកឬខូ្ចខារ      
D6: ចាស់លាស់កនុងការត្រួរពិនិរយសមាា រៈឆៅការោា ន (ឧ. ត្រួរពិនិរយសមាា រៈឆៅឆពលដឹកមកដល់ការោា ន ។ល។)      
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បា៉ា រ៉ា ដម៉ាត្រ/ កត្តា  

កត្មិរ 
ននឥទធិពល 

១ ២ ៣ ៤ ៥ 
D7: ត្បុងត្បយរ័នខ្ពស់កនុងការឆលើកោក់ឆៅនឹងកដនលងរកាទុកសមាា រៈនិងទុកោក់ឆៅត្តមត្កុមឬត្បឆភទរបស់វា      
D8: មានសនាិសុខ្រឹងរុងឹឆៅការោា នោងសង់ (ការពារការលួច និងការបារ់បង់សមាា រៈ)      
E) ឆត្គឿងចត្ក ឬឧបករណ៍ 
E1: មានឆត្គឿងចត្ក យនយនា និងឧបករណ៍ត្គប់ត្គាន់ឆដើមបើឆត្បើត្បាស់ឆៅត្គប់គឆត្មាង       
E2: ធានាបាននូវគុណភាពឆត្គឿងចត្ក យនយនា និងឧបករណ៍ ដដលត្រូវឆត្បើត្បាស់ឆៅត្គប់គឆត្មាង      
E3: មានភាពោា រ់ជំនាញកនុងការបញ្ជា ឬឆត្បើត្បាស់នូវត្គប់ឆត្គឿងចត្ក យនយនា និងឧបករណ៍ទាងំអ្ស់      
E4: ឆត្បើត្បាស់ត្បឆភទរនាា និងជនាល់ដដលអាចឆត្បើត្បាស់បានឆត្ចើនដង (ឧ. ឆធវើពើដដក ផ្លល សាិក។ល។)      
E5: ឆត្បើត្បាស់កមមវធិើ Building Information Modeling (BIM) សត្មាប់គឆត្មាង និងមានភាពោា រ់ជំនាញកនុងកមមវធិើ
ឆនេះ 

     

E6: ឆត្បើត្បាស់កមមវធិើបឆចចកវទិាព័រ៌មានពាក់ព័នធឆផ្េងឆទៀរសត្មាប់គឆត្មាងនិងមានភាពោា រ់ជំនាញកនុងកមមវធិើទាងំ
ឆនេះ 

     

F) វធិើោស្រសា និងដំឆណើ រការោងសង ់      
F1: ទំហទំើត្តងំការោា នធំសមរមយ និងឆរៀបចំបលង់កនុងការោា ន (site layout) ចាស់លាស់ឆដើមបើមានភាពងាយត្សួលកនុង
ការបំលាស់ទើឆត្គឿងចត្ក សាូចឬឆលើកោក់សមាា រៈ 

     

F2: ឆត្បើត្បាស់ឆត្គឿងសងាា រមិឬឆត្គឿងបងគុដំដលផ្គុ ំឬចក់ឆហើយត្ោប់ពើឆរងចត្កឬឆរងជាង រួយ៉ា ងដូចជាបនាប់ទឹកឬដផ្នក
ខ្លេះននចស្រងាា នបាយ 

     

F3: វាស់ និងការ់សមាា រៈមានការត្បុងត្បយរ័នខ្ពស់ និងសនេសំំនច      
F4: ភាពចាស់លាស់កនុងការអ្នុវរាការងារនើមួយៗឆៅកនុងការោងសង់ឆោយឆយងឆៅត្តមដផ្នការលមអិរ (method 
statement) ឆោយពាយមការ់បនាយសំណល់ពើដំឆណើ រការសកមមភាពការងារទាងំឆនេះ 

     

F5: ការ់បនាយការវាយឆចលនិងឆធវើឆឡើងវញិនូវដផ្នកឆផ្េងៗននអ្គារ ឧ.ចក់ជឆណាើ រខុ្សរចួវាយឆចលនិងឆធវើឆឡើងវញិ)      
F6: ោក់ធុងសំរមត្គប់ជាន់កនុងអ្គារដដលកំពុងោងសង់       
F7: ដបងដចកធុងសំរមឆៅត្តមត្បឆភទននសំរមឆៅការោា ន (ឆោយដបងដចកសត្មាប់សំណល់សំណង់ផ្ងដដរ)      
F8: ោក់សំណល់សំណង់ឆៅទើត្តងំដដលងាយត្សួលោក់ និងដឹកជញ្ាូ ន      
G)ឯកោរសំណង ់
G1: ការត្គប់ត្គងឯកោរពាក់ព័នធនឹងសំណល់សំណង់ត្បកបឆោយត្បសិទធភាព រួយ៉ា ងបចចុបបននភាពននបរមិាណ
សំណល់ ត្បឆភទសសំណល់ជាឆដើម 

     

G2: ការសិកាលមអរិ និងហមរ់ចរ់អំ្ពើបលង់ និងSpec       
G3: ទទួលបាននូវវញិ្ជា បនបត្រសាង់ោរគុណភាពឆផ្េងៗ (ឧ. ISO, GREEN, etc.)      
G4: មានការទុកោក់និងសិកានូវឯកោរដដលជាបទពិឆោធន៍ធាល ប់អ្នុវរាកនលងមកទាក់ទងនឹងការត្គប់ត្គងសំណល់
សំណង់ 

     

G5: ឆជៀសវាងកំហុសកនុងការឆធវើបលង់លមអិរ shop drawing (មានការត្រួរពិនិរយត្រឹមត្រូវ)      
G6: ការ់បនាយការដកបលង់ឌើសាញ (Design drawing) ឆពលកំពុងោងសង់      
G7: ការ់បនាយការផ្លល ស់បាូរឬដកកុនការងារោងសង់ដដលត្រូវឆត្បើត្បាស់ៃវកិាបដនាម (VO)      

 

ត្បសិនឆបើអ្នកមានមរិឆយបល់ ឬសណួំរបដនាម សូមបញ្ជា ក់ខាងឆត្កាម៖ 
______________________________________________________________________________________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

ត្កុមការងារសូមដៃលងអ្ំណរគុណយ៉ា ងត្ជាលឆត្ៅចំឆពាេះឆពលឆវលាដ៏មានរនមលរបស់អ្នកកនុងការឆ្លើយសណួំរឆនេះ! 
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ផ្នែកទី២ ៖ ការធ្វើចណំាត់ថ្នែ កឥ់ទធពិលរបសប់៉ា រ៉ា ផ្រ៉ាម្តនីរយួៗ ធលើម្បសទិធភាពននការ
ម្រប់ម្រងសណំលស់ណំង់ 

ឆោយឆយងឆៅត្តមបទពិឆោធន៍នងិចំឆណេះដឹងរបស់អ្នក សូមវាយរនមលឆោយគូស(✔)ឆលើកត្មរិននឥទធពិលឬភាព
សំខាន់ននបា៉ា រ៉ា ដម៉ាត្រ(កត្តា )នើមួយៗឆៅឆលើត្បសិទធភាពននការត្គប់ត្គងសណំលស់ណំងក់នុងគឆត្មាងោងសង់អ្គារ៖ 

សំគាល់: ១. គាម នឥទធពិលឆោេះ; ២. មានឥទធពិលរចិរួច; ៣. មានឥទធពិលមធយម; ៤. មានឥទធពិលខាល ងំ; ៥. មានឥទធិ
ពលខាល ងំណាស ់

 
បា៉ា រ៉ា ដម៉ាត្រ/ កត្តា  

កត្មិរ 
ននឥទធិពល 

១ ២ ៣ ៤ ៥ 
A) ត្គបត់្គង និងភាពជាអ្នកដឹកនា ំ
A1: ត្បសិទធភាពននការត្គប់ត្គងការោា នោងសង់      

A2: ត្បសិទធភាពកនុងការទំនាក់ទំនងឬសត្មបសត្មួលគឆត្មាងជាមួយភាគើពាក់ព័នធ      

A3: ការត្តងំចិរាកនុងការងារត្គប់ត្គងសំណល់សំណង់របស់អ្នកត្គប់ត្គងការោងសង់      

A4: ត្បសិទធភាពននការឆធវើនិងអ្នុវរាត្តមរចនាសមព័នធននការដបងដចកការងារត្គប់ត្គងសំណល់សំណង់      

A5: ការត្គប់ត្គងសំណល់សំណង់ជាមួយនឹងភាពចាស់លាស់ននការដណនាចំរ់ដចង      

A6: ការអ្នុវរានូវដផ្នការត្គប់ត្គងសំណល់សំណង់យ៉ា ងត្រឹមត្រូវ      

A7: ការត្រួរពិនិរយ និងឆធវើសវនកមមត្បព័នធត្គប់ត្គងសំណល់សំណង់ជាឆទៀងទារ់ (ឧ. ឆរៀងរល់បើដខ្មាង)      

B) ធនធានមនុសេ ឬកមាល ងំពលកមម 
B1: មានបុគគលិកកមមករជំនាញត្គប់ត្គាន់ត្គប់គឆត្មាងោងសង់      

C) ឆគាលនឆយបាយ និងយុទធោស្រសា 
C1: ការបឆងាើរឆគាលនឆយបាយរឹងរុងឹឆលើការត្គប់ត្គងសំណល់សំណង់ឆៅកនុងត្កុមហ ុន(រមួទាងំត្បព័នធត្គប់ត្គង
សំណល់សំណង់) 

     

C2: ការបឆងាើរដផ្នការត្គប់ត្គងកាកសំណល់សំណង់ចាស់លាស់មុនចប់ឆផ្ាើមគឆត្មាងោងសង់នើមួយៗ      

C3: ការកំណរ់ឆគាលឆៅការ់បនាយកាកសំណល់សំណង់ឆៅត្គប់គឆត្មាងោងសង់ឆោយការឆត្បើត្បាស់សមាា រៈ
សំណង់សនេសំំនច (ឧ. ការ់បនាយសំណល់សំណង់ពើ១៥%មកត្រឹម១០%សត្មាប់ត្គប់សមាា រៈឆត្បើត្បាស់) 

     

C4: ការរមួបញ្ចូ លរួនាទើត្កុមហ ុនឆ ៉ាការបនាា ប់(subcontractor)ឆៅកនុងកិចចសនាកនុងការទទួលខុ្សត្រូវឆលើការ
ត្គប់ត្គងកាកសំណល់សំណង់ 

     

C5: ការផ្ាល់រងាវ ន់ឆលើកទឹកចិរាដល់កិចចខិ្រខំ្ត្បឹងដត្បងការ់បនាយកាកសំណល់សំណង់ដល់ត្កុមការងារគឆត្មាង      

C6: ការទប់ោា រ់ឆត្គាេះថាន ក់ឆៅការោា នោងសង់ (ឧ. អ្គគិសភ័យបងាឲ្យឆ្េះឬខូ្ចខារសមាា រៈ ឆត្គាេះថាន ក់ោល ប់បងាឲ្យ
មានការពនារឆពលឬបិទការោា ន ដដលជាឆហរុឆធចើឲ្យសមាា រៈដដលបញ្ជា ទិញឆហើយខូ្ចខារឬខ្ាេះខាា យ) 

     

D) សមាា រៈសំណង ់
D1: ការបញ្ជា ទិញសមាា រៈឲ្យបានត្រឹមត្រូវ (ឧ. ឆជៀសវាងការបញ្ជា ទិញខុ្ស និងត្រូវទិញសមាា រៈដដលត្រឹមត្រូវឆៅត្តម
ខាន រ ទំហ ំនិងបរមិាណ) 

     

D2: ការគណនាបរមិាណសមាា រៈ (BoQ) ត្រឹមត្រូវ និងទាន់ឆពលឆវលាសត្មាប់ឆត្បើត្បាស់      
D3: ការឆត្បើត្បាស់សមាា រៈសំណង់ដដលមានគុណភាព និងសាង់ោ (ឆោយឆយងឆៅត្តម Spec)      
D4: ទមាល ប់បញ្ចូ លសមាា រៈមកកនុងការោា នត្តមរត្មូវការឆត្បើត្បាស់ឆោយមិនទុកគរ ឬសាុកយូរឆៅការោា ន (JIT)      
D5: ត្បុងត្បយរ័នខ្ពស់កនុងការដឹកជញ្ាូ ន និងការឆលើកោក់សមាា រៈឆជៀសវាងការបាក់ដបកឬខូ្ចខារ      
D6: ចាស់លាស់កនុងការត្រួរពិនិរយសមាា រៈឆៅការោា ន (ឧ. ត្រួរពិនិរយសមាា រៈឆៅឆពលដឹកមកដល់ការោា ន ។ល។)      
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បា៉ា រ៉ា ដម៉ាត្រ/ កត្តា  

កត្មិរ 
ននឥទធិពល 

១ ២ ៣ ៤ ៥ 
D7: ត្បុងត្បយរ័នខ្ពស់កនុងការឆលើកោក់ឆៅនឹងកដនលងរកាទុកសមាា រៈនិងទុកោក់ឆៅត្តមត្កុមឬត្បឆភទរបស់វា      
D8: មានសនាិសុខ្រឹងរុងឹឆៅការោា នោងសង់ (ការពារការលួច និងការបារ់បង់សមាា រៈ)      
E) ឆត្គឿងចត្ក ឬឧបករណ៍ 
E1: មានឆត្គឿងចត្ក យនយនា និងឧបករណ៍ត្គប់ត្គាន់ឆដើមបើឆត្បើត្បាស់ឆៅត្គប់គឆត្មាង       
E2: ធានាបាននូវគុណភាពឆត្គឿងចត្ក យនយនា និងឧបករណ៍ ដដលត្រូវឆត្បើត្បាស់ឆៅត្គប់គឆត្មាង      
E3: មានភាពោា រ់ជំនាញកនុងការបញ្ជា ឬឆត្បើត្បាស់នូវត្គប់ឆត្គឿងចត្ក យនយនា និងឧបករណ៍ទាងំអ្ស់      
E4: ឆត្បើត្បាស់ត្បឆភទរនាា និងជនាល់ដដលអាចឆត្បើត្បាស់បានឆត្ចើនដង (ឧ. ឆធវើពើដដក ផ្លល សាិក។ល។)      
E5: ឆត្បើត្បាស់កមមវធិើ Building Information Modeling (BIM) សត្មាប់គឆត្មាង និងមានភាពោា រ់ជំនាញកនុងកមមវធិើ
ឆនេះ 

     

E6: ឆត្បើត្បាស់កមមវធិើបឆចចកវទិាព័រ៌មានពាក់ព័នធឆផ្េងឆទៀរសត្មាប់គឆត្មាងនិងមានភាពោា រ់ជំនាញកនុងកមមវធិើទាងំ
ឆនេះ 

     

F) វធិើោស្រសា និងដំឆណើ រការោងសង ់      
F1: ទំហទំើត្តងំការោា នធំសមរមយ និងឆរៀបចំបលង់កនុងការោា ន (site layout) ចាស់លាស់ឆដើមបើមានភាពងាយត្សួលកនុង
ការបំលាស់ទើឆត្គឿងចត្ក សាូចឬឆលើកោក់សមាា រៈ 

     

F2: ឆត្បើត្បាស់ឆត្គឿងសងាា រមិឬឆត្គឿងបងគុដំដលផ្គុ ំឬចក់ឆហើយត្ោប់ពើឆរងចត្កឬឆរងជាង រួយ៉ា ងដូចជាបនាប់ទឹកឬដផ្នក
ខ្លេះននចស្រងាា នបាយ 

     

F3: វាស់ និងការ់សមាា រៈមានការត្បុងត្បយរ័នខ្ពស់ និងសនេសំំនច      
F4: ភាពចាស់លាស់កនុងការអ្នុវរាការងារនើមួយៗឆៅកនុងការោងសង់ឆោយឆយងឆៅត្តមដផ្នការលមអិរ (method 
statement) ឆោយពាយមការ់បនាយសំណល់ពើដំឆណើ រការសកមមភាពការងារទាងំឆនេះ 

     

F5: ការ់បនាយការវាយឆចលនិងឆធវើឆឡើងវញិនូវដផ្នកឆផ្េងៗននអ្គារ ឧ.ចក់ជឆណាើ រខុ្សរចួវាយឆចលនិងឆធវើឆឡើងវញិ)      
F6: ោក់ធុងសំរមត្គប់ជាន់កនុងអ្គារដដលកំពុងោងសង់       
F7: ដបងដចកធុងសំរមឆៅត្តមត្បឆភទននសំរមឆៅការោា ន (ឆោយដបងដចកសត្មាប់សំណល់សំណង់ផ្ងដដរ)      
F8: ោក់សំណល់សំណង់ឆៅទើត្តងំដដលងាយត្សួលោក់ និងដឹកជញ្ាូ ន      
G)ឯកោរសំណង ់
G1: ការត្គប់ត្គងឯកោរពាក់ព័នធនឹងសំណល់សំណង់ត្បកបឆោយត្បសិទធភាព រួយ៉ា ងបចចុបបននភាពននបរមិាណ
សំណល់ ត្បឆភទសសំណល់ជាឆដើម 

     

G2: ការសិកាលមអរិ និងហមរ់ចរ់អំ្ពើបលង់ និងSpec       
G3: ទទួលបាននូវវញិ្ជា បនបត្រសាង់ោរគុណភាពឆផ្េងៗ (ឧ. ISO, GREEN, etc.)      
G4: មានការទុកោក់និងសិកានូវឯកោរដដលជាបទពិឆោធន៍ធាល ប់អ្នុវរាកនលងមកទាក់ទងនឹងការត្គប់ត្គងសំណល់
សំណង់ 

     

G5: ឆជៀសវាងកំហុសកនុងការឆធវើបលង់លមអិរ shop drawing (មានការត្រួរពិនិរយត្រឹមត្រូវ)      
G6: ការ់បនាយការដកបលង់ឌើសាញ (Design drawing) ឆពលកំពុងោងសង់      
G7: ការ់បនាយការផ្លល ស់បាូរឬដកកុនការងារោងសង់ដដលត្រូវឆត្បើត្បាស់ៃវកិាបដនាម (VO)      

 

ត្បសិនឆបើអ្នកមានមរិឆយបល់ ឬសណួំរបដនាម សូមបញ្ជា ក់ខាងឆត្កាម៖ 
______________________________________________________________________________________ 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

ត្កុមការងារសូមដៃលងអ្ំណរគុណយ៉ា ងត្ជាលឆត្ៅចំឆពាេះឆពលឆវលាដ៏មានរនមលរបស់អ្នកកនុងការឆ្លើយសណួំរឆនេះ! 
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แบบสอบถาม  

ปจัจยัทีส่ง่ผลตอ่การเพิม่ประสทิธภิาพ การจดัการของเสยีจากการกอ่สรา้งในงาน

กอ่สรา้งอาคาร 

 
เรยีน ทา่นผูต้อบแบบสอบถาม 

กระผม นาย Vuthea MIN นักศกึษาปรญิญาเอก จากสถาบันเทคโนโลยนีานาชาตสิรินิธร มหาวทิยาลัยธรรมศาสตร ์มี

ความประสงคท์ีจ่ะขอความอนุเคราะหจ์ากทา่นในการกรอกแบบสอบถามเกีย่วกับปัจจัยทีส่ง่ผลตอ่การเพิม่ประสทิธภิาพ

การจัดการของเสยีจากการกอ่สรา้ง โดยแบบสอบถามนี้เป็นสว่นหนึง่ของงานวจิัยในหลักสตูรปรญิญาเอกทีไ่ดร้ับการ

สนับสนุนจากโครงการความร่วมมอืภายใตเ้ครอืข่ายพัฒนาการศกึษาดา้นวศิวกรรมศาสตรใ์นเอเชยีตะวันออกเฉียงใต ้

(AUN/SEED-Net Collaborative Education Program) โดยมอีาจารยท์ีป่รกึษาโครงการวจิัยคอื รศ. ดร.เกรยีงศักดิ ์ภา

นุวัฒนว์นชิย ์ (สถาบันเทคโนโลยนีานาชาตสิรินิธร มหาวทิยาลัยธรรมศาสตร)์ และ รศ. ดร.โคจ ิ มัตสโึมโตะ 

(มหาวทิยาลัยฮอกไกโด) 

เกีย่วกบัแบบส ารวจนี ้

แบบสอบถามนี้มจีุดมุง่หมายเพือ่ประเมนิความส าคัญของปัจจัยตา่ง ๆ ทีส่ง่ผลต่อการเพิม่ประสทิธภิาพการจัดการของ

เสยีจากการกอ่สรา้งในงานกอ่สรา้งอาคาร โดยผลจากการส ารวจนี้จะถูกน าไปวเิคราะหเ์พือ่พัฒนาระบบประเมนิการ

จัดการของเสยีจากการกอ่สรา้ง โดยกระผมเห็นว่าท่านมคีวามเชีย่วชาญทีส่ามารถใหข้อ้มลูทีเ่ป็นประโยชนต์่อ

โครงการวจิัยนี้ได ้

การรกัษาความลบั 

ขอ้มลูจากทา่นจะถกูใชเ้พือ่วัตถปุระสงคท์างวชิาการเทา่นัน้ โดยขอ้มลูทัง้หมดทีร่วบรวมไดจ้ะถกูเก็บไวอ้ย่างเป็นความลับ 

และจะไมม่กีล่าวอา้งถงึตัวตนของท่าน ไม่วา่ในกรณีใด ๆ การรายงานหรอืการสรุปผลการศกึษา โดยใชข้อ้มลูเหลา่นี้จะ

ถกูน าเสนอในแบบภาพรวม และจะไมม่กีารระบตุัวบคุคลหรอืค าตอบทีเ่ฉพาะเจาะจงจากผูต้อบแบบสอบถาม 

ขอ้มลูแบบสอบถาม 

แบบสอบถามนี้มดีว้ยกันสามหนา้และประกอบดว้ยสองสว่นหลัก สว่นที ่ 1 คอื ขอ้มูลภมูหิลังท่ัวไปของทา่นและบรษัิท 

สว่นที ่2 คอื การใหค้ะแนนปัจจัยทีส่ง่ผลต่อการจัดการของเสยีจากการกอ่สรา้ง 

ระยะเวลาในการท าแบบสอบถาม 

แบบสอบถามนี้ใชเ้วลาประมาณ 15 นาทใีนการตอบค าถาม และจะเป็นพระคณุอย่างยิง่หากทา่นสามารถตอบ

แบบสอบถามใหแ้ลว้เสร็จไดภ้ายในวันที ่31 สงิหาคม 2566 

กระผมขอขอบคุณท่านเป็นอยา่งยิง่ทีส่ละเวลาและการมสีว่นร่วมในการวจัิยนี้ หากทา่นมขีอ้สงสยัหรอืตอ้งการขอ้มเูพิม่เตมิ 

เกีย่วกับการวจิัยนี้ สามารถตดิตอ่กระผมไดท้ี:่ 

นาย Vuthea MIN อเีมล: minvuthea@gmail.com เบอรโ์ทร: +66-905909078 

 

16 สงิหาคม 2566 

 
Vuthea MIN 

 

สถาบันเทคโนโลยนีานาชาตสิรินิธร 

มหาวทิยาลัยธรรมศาสตร ์ 
ประเทศไทย  

และ 
มหาวทิยาลัยฮอกไกโด  

ประเทศญีปุ่่ น 

รศ. ดร.เกรยีงศกัดิ ์ภานุวฒันว์านชิ 

 
 

สถาบันเทคโนโลยนีานาชาตสิรินิธร 

มหาวทิยาลัยธรรมศาสตร ์ประเทศไทย 

รศ. ดร.โคจ ิมตัสโึมโตะ 

 
 

มหาวทิยาลัยฮอกไกโด 

ประเทศญีปุ่่ น 

 

243 

mailto:minvuthea@gmail.com


แบบสอบถาม 

สว่นที ่1: ขอ้มลูท ัว่ไป  
 

หมายเหต:ุ ผูต้อบแบบสอบถามควรมปีระสบการณ์ท างานในบรษัิทผูร้ับเหมา (ผูร้ับเหมากอ่สรา้ง ผูร้ับเหมางาน
สถาปัตยกรรม และ/หรอืผูร้ับเหมางานระบบ) อยา่งนอ้ยประมาณ 1 ปี (อาจเป็นชว่งเวลาใดก็ไดใ้นการท างานของท่าน) 

 
โปรดตอบค าถามต่อไปนี้ 

 

1.1)  ประเทศทีต่ัง้บรษัิทของคณุ:  

☐ กัมพูชา ☐ ไทย  

 

1.2)  ต าแหน่งงานปัจจุบันของท่านในบรษัิท: (โปรดท าเครือ่งหมายถกูในชอ่งทีอ่ธบิายถงึต าแหน่งของคณุไดด้ทีีส่ดุ

เพยีงชอ่งเดยีว)

☐ เจา้ของ/ผูบ้รหิาร   

☐ ผูจ้ัดการโครงการ (PM)   

☐ พนักงานอาวโุส  

☐ พนักงาน  

☐ อืน่ ๆ (โปรดระบ)ุ: ______________ 

 

1.3)  สายงานอาชพีปัจจุบันของทา่นภายในบรษัิท:

☐ วศิวกร 

☐ สถาปนกิ  

☐ อืน่ ๆ (โปรดระบ)ุ: ______________ 

 

1.4)  ระดับการศกึษาของท่าน:   

☐ ปวช./ปวส. หรอืต ่ากวา่  

☐ ปรญิญาตร ี 

☐ ปรญิญาโท หรอืสงูกวา่ 

☐ อืน่ ๆ (โปรดระบ)ุ: ______________

1.5)  ประสบการณ์ของทา่นในอตุสาหกรรมการกอ่สรา้ง: 

☐ ต ่ากวา่ 5 ปี  ☐ 5-10 ปี ☐ 11-20 ปี ☐ 21-30 ปี ☐ มากกวา่ 30 ปี

 

1.6)  ประสบการณ์ของทา่นในการท างานเป็นผูร้ับเหมาหรอืท างานในบรษัิทผูร้ับเหมา: (หมายเหต:ุ ผูร้ับเหมาในทีน่ี้ 
หมายถงึ ผูร้ับเหมาหลัก/ผูร้ับเหมาท่ัวไป ในงานกอ่สรา้ง งานสถาปัตยกรรม หรอืงานระบบ แตไ่มร่วมถงึผูร้ับเหมา

ชว่ง) 

☐ ต ่ากวา่ 5 ปี  ☐ 5-10 ปี ☐ 11-20 ปี ☐ 21-30 ปี ☐ มากกวา่ 30 ปี 

 

1.7)  ประสบการณ์ของทา่นในการท างานในโครงการกอ่สรา้งอาคาร:  

☐ ต ่ากวา่ 5 ปี ☐ 5-10 ปี ☐ 11-20 ปี ☐ 21-30 ปี ☐ มากกวา่ 30 ปี 

 

1.8)  ตลอดประสบการณ์ของทา่นในโครงการกอ่สรา้ง ท่านมสีว่นร่วมในการจัดการขยะจากการกอ่สรา้งมากนอ้ยเพยีงใด

(เชน่ เขา้ร่วมในกจิกรรมการจัดการของเสยีจากการกอ่สรา้งในพืน้ทีโ่ครงการ หารอืเกีย่วกับการจัดการของเสยีจาก
การกอ่สรา้งในการประชมุ ด าเนนิการเพือ่ลดการใชวั้สด ุฯลฯ)

☐ ไมเ่คย    ☐ นอ้ยครัง้   ☐ บางครัง้     ☐ บ่อยครัง้  ☐ ประจ า   

 
1.9)  คณุวฒุวิชิาชพีของท่าน: (ท าเครือ่งหมายถกูไดห้ลายตัวเลอืกตามความเหมาะสม)  

☐วศิวกรผูไ้ดร้ับใบอนุญาตประกอบวชิาชพี

วศิวกรรมควบคมุ (ภาควีศิวกร สามัญวศิวกร หรอื 
วฒุวิศิวกร)   

☐ วศิวกร ACPE/ APEC  

☐ สถาปนกิมอือาชพี   

☐ผูไ้ดร้ับใบรับรองการเป็นผูบ้รหิารโครงการมอื

อาชพี (PMP)  

☐ TREES/ LEED 

☐ ไมม่ ี 

☐ อืน่ ๆ (โปรดระบ)ุ: ______________
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สว่นที ่2: ใหค้ะแนนตอ่ปจัจยัทีส่ง่ผลตอ่การปรบัปรงุประสทิธภิาพในการจดัการของเสยีจากการกอ่สรา้งใน

งานกอ่สรา้งอาคาร 

โปรดใหค้ะแนนโดยท าเครือ่งหมาย (✔) เพือ่ระบรุะดับของปัจจัยทีส่ง่ผลตอ่การปรบัปรงุประสทิธภิาพในการจดัการ

ของเสยีจากการกอ่สรา้ง (CWM) ในงานกอ่สรา้งอาคาร ตามความรูแ้ละประสบการณ์ของท่านทีผ่า่นมา 

หมายเหต:ุ 1: ไม่สง่ผล; 2: สง่ผลเล็กนอ้ย; 3: สง่ผลปานกลาง; 4: สง่ผลมาก; 5: สง่ผลมากทีส่ดุ 

   คณุลกัษณะ ระดบั  
1 2 3 4 5 

A) การจดัการและความเป็นผูน้ า       

A1: การจัดการพืน้ทีโ่ครงการอยา่งมปีระสทิธภิาพ       

A2: การสือ่สารกับผูม้สีว่นไดส้ว่นเสยีทัง้หมดอยา่งมปีระสทิธภิาพ      

A3: ผูบ้รหิารระดับสงู มคีวามมุง่มั่นในการน าแนวปฏบัิตดิา้นการจัดการของเสยีไปใช ้      

A4: การน าโครงสรา้งองคก์รทีม่ปีระสทิธภิาพมาประยกุตใ์ชก้ับการจัดการของเสยี      

A5: การก ากับดแูลกจิกรรมการจัดการของเสยีพรอ้มค าแนะน าทีช่ดัเจน      

A6: การท าตามแผนการจัดการของเสยีอยา่งถกูตอ้ง      

A7: การตดิตามและตรวจสอบระบบการจัดการของเสยีเป็นระยะ (เชน่ ทกุ 3 เดอืน)      

B) ก าลงัคน       

B1: การมแีรงงานฝีมอืเพยีงพอในทกุโครงการ       

C) นโยบายและกลยทุธ ์      

C1: การก าหนดนโยบายการจัดการของเสยีจากการกอ่สรา้งทีเ่ขม้งวดภายในบรษัิท (รวมถงึระบบการจัดการ
ของเสยีจากงานกอ่สรา้ง)  

     

C2: การจัดท าแผนการจัดการของเสยีทีเ่หมาะสมตัง้แตข่ัน้ตอนแรก ๆ ของโครงการกอ่สรา้ง       

C3: การตัง้เป้าหมายการลดของเสยีส าหรับทกุโครงการ โดยการลดการใชวั้สดใุหม้ากทีส่ดุ (เชน่ ลดการสญูเสยี
จาก 15% เป็น 10% ของการใชวั้สดทุัง้หมด) 

     

C4: ความรับผดิชอบในการจัดการของเสยีของผูรั้บเหมาชว่งถกูรวมอยูใ่นสัญญากอ่สรา้ง      

C5: การเสนอสิง่จูงใจใหแ้กท่มีงานในโครงการ เพือ่สรา้งความพยายามในการลดของเสยีใหเ้หลอืนอ้ยทีส่ดุ      

C6: การป้องกันอบัุตเิหตใุนพืน้ทีโ่ครงการ       

D) วสัด ุ      

D1: การจัดซือ้วัสดทุีถ่กูตอ้ง (เชน่ การป้องกันขอ้ผดิพลาดในการสั่งซือ้ ขนาด และปรมิาณทีเ่หมาะสม)      

D2: การตรวจสอบปรมิาณวัสด/ุรายการปรมิาณทีถ่กูตอ้งและตรงเวลาส าหรับงานกอ่สรา้งนัน้ๆ       

D3: การใชวั้สดทุีม่คีณุภาพ คงทน และไดม้าตรฐาน       

D4: การน า "ระบบทันเวลาพอด"ี (Just in Time) มาปรับใช ้      

D5: การขนสง่และการขนถา่ยวัสดอุยา่งเหมาะสม      

D6: การควบคมุวัสดใุนสถานทีท่ างานอยา่งถกูตอ้ง (เชน่ การตรวจรับวัสดเุมือ่มาถงึ เป็นตน้)      

D7: การป้องกันทีเ่หมาะสม ส าหรับการจัดเก็บและการวางซอ้นวัสดปุระเภทตา่ง ๆ      

D8: การรักษาความปลอดภัยระดับสงูในพืน้ทีโ่ครงการ (เชน่ ป้องกันการโจรกรรมและการสญูหายของวัสดุ)      

E) อุปกรณ์หรอืเครือ่งมอื      

E1: การตรวจสอบความพรอ้มของอปุกรณ์ทีจ่ าเป็นส าหรับทกุโครงการ       

E2: การตรวจสอบคณุภาพของอปุกรณ์ทัง้หมดใหม้ั่นใจกอ่นทีจ่ะใชใ้นทกุโครงการ       

E3: ผูป้ฏบัิตงิานมคีวามคุน้เคยกับการใชอ้ปุกรณ์ทีเ่กีย่วขอ้ง       

E4: การใชน่ั้งรา้นและแบบหลอ่ทีส่ามารถน ากลับมาใชใ้หมไ่ดห้ลายครัง้ (เชน่ โลหะ พลาสตกิ เป็นตน้)      

E5: การใชเ้ทคโนโลยแีบบจ าลองสารสนเทศอาคาร (BIM) และท าความคุน้เคยกับการใชง้าน      

E6: การใชเ้ทคโนโลยสีารสนเทศอืน่ ๆ ทีเ่กีย่วขอ้งส าหรับโครงการและท าความคุน้เคยกับการใชง้าน      

F) วธิกีารและข ัน้ตอนการกอ่สรา้ง      

F1: การมพีืน้ทีโ่ครงการทีเ่พยีงพอและแผนผังโครงการทีเ่หมาะสมตอ่การเคลือ่นยา้ยวัสดุ      

F2: การใชร้ะบบกอ่สรา้งแบบส าเร็จรูป หรอืแบบประกอบส าเร็จ      

F3: การใชวั้สดอุยา่งคุม้คา่ รวมถงึวธิกีารตัดวัสดเุพือ่ลดการสญูเสยี      

F4: การปฏบัิตติามวธิกีารกอ่สรา้งทีเ่ป็นมาตรฐาน      

F5: การลดการท างานซ ้าในพืน้ทีก่อ่สรา้งใหเ้หลอืนอ้ยทีส่ดุ      

F6: การตดิตัง้ถังขยะในทกุชัน้      

F7: การตัง้ถังขยะแบบแยกประเภทและการคัดแยกขยะในพืน้ทีโ่ครงการ       

F8: การจัดเก็บของเสยีจากการกอ่สรา้งในพืน้ทีท่ีเ่ขา้ถงึไดง้่าย      

G) เอกสาร      
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   คณุลกัษณะ ระดบั  
1 2 3 4 5 

G1: การมเีอกสารควบคมุการจัดการของเสยีจากการกอ่สรา้งอยา่งมปีระสทิธภิาพ รวมถงึการตดิตามจ านวนและ
ชนดิของของเสยีจากการกอ่สรา้งทีเ่กดิขึน้ 

     

G2: การศกึษารายละเอยีดและมคีวามเขา้ใจอยา่งถอ่งแทเ้กีย่วกับขอ้ก าหนดและแบบแปลน      

G3: การจัดการคณุภาพในระดับมอือาชพีและการไดร้ับการรับรอง (เชน่ มาตรฐาน ISO)      

G4: การจัดเก็บเอกสารการจัดการของเสยีจากการกอ่สรา้งเพือ่ใชเ้ป็นบทเรยีนในอนาคต      

G5: การป้องกันขอ้ผดิพลาดในการจัดท าแบบกอ่สรา้ง       

G6: การลดการแกไ้ขการออกแบบระหวา่งการกอ่สรา้ง       

G7: การลดค าสั่งเปลีย่นแปลงงาน (Variation Order)       

 

 
หากทา่นมคีวามคดิเห็นหรอืค าถามใด ๆ โปรดระบุไวด้า้นลา่ง: 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 
_____________________________________________________________________________________ 

_____________________________________________________________________________________ 
 

 

ขอบคุณอย่างยิง่ทีท่่านสละเวลาอันมคี่าในการตอบแบบสอบถามนี้ 
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                APPENDIX 3

   INPUT DATA FROM EXPERT VERIFICATION PROCESS (32 SETS)



Sets/ 

Q
1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 2.10 2.11 2.12 2.13 2.14 2.15 2.16 2.17 2.18 2.19 2.20 2.21 2.22 2.23 2.24 2.25

1 1 1 2 2 2 2 1 1 1 5 4 4 5 5 4 4 5 4 5 5 5 4 5 3 4 2 5 5 5 5 4 4 4 4

2 1 1 3 2 2 1 1 2 1 5 4 5 4 4 5 5 4 4 5 5 5 4 4 5 4 4 5 5 5 4 5 5 4 5

3 2 3 2 1 1 1 1 1 2 5 4 5 5 4 5 5 3 4 3 5 5 3 5 4 5 4 5 5 3 4 3 4 5 4

4 1 1 3 1 1 1 1 2 1 4 5 5 5 5 5 5 5 4 5 5 5 4 5 4 5 5 5 5 4 4 5 4 4 5

5 2 4 3 3 2 1 2 1 3 5 5 5 5 5 5 5 3 3 4 5 4 5 5 5 4 5 5 5 5 5 5 4 5 5

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

7 2 6 2 2 1 1 1 2 4 3 3 4 4 4 4 4 5 3 3 4 3 4 4 4 3 3 5 5 4 4 4 5 4 5

8 2 4 2 2 2 1 1 1 3 4 5 4 3 4 4 3 3 4 3 4 4 4 3 3 3 3 5 4 5 4 4 4 4 4

9 2 1 1 3 1 1 1 2 2 5 5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4

10 2 5 3 5 5 2 1 3 2 4 5 4 5 4 4 4 5 5 4 5 4 4 4 4 4 4 5 4 5 5 4 5 4 4

11 2 7 2 2 1 2 1 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 3 3 4 4 4 4 4 4 4 4

12 1 2 1 4 3 2 1 2 2 4 5 5 5 5 5 5 5 4 4 5 4 4 5 4 5 4 5 5 4 2 4 4 4 5

13 2 1 2 3 3 1 1 1 2 5 5 4 5 4 5 5 5 5 5 5 4 4 5 5 4 4 5 5 4 4 5 4 4 5

14 1 8 1 2 2 1 5 2 4 2 4 5 3 4 4 4 5 4 5 4 5 3 5 5 5 5 4 4 3 4 4 4 3 2

15 2 4 3 2 2 2 2 2 3 4 4 4 4 4 4 4 5 5 5 5 3 3 5 5 3 5 3 3 3 3 3 4 3 5

16 2 6 2 3 1 1 1 4 2 5 5 5 4 5 5 5 5 5 4 5 5 5 5 4 5 5 4 5 4 4 4 5 5 5

17 1 1 2 2 2 1 1 2 1 5 5 4 4 4 3 4 4 5 5 4 4 4 5 5 5 4 5 5 5 5 5 4 5 4

18 1 5 2 3 3 2 1 1 1 4 4 5 4 5 5 5 4 3 4 4 5 4 4 4 5 5 4 3 4 4 3 4 4 5

19 2 1 2 4 3 1 1 1 2 4 4 4 4 4 4 5 2 2 4 4 4 4 5 3 4 4 5 5 3 3 2 3 4 1

20 1 1 2 2 2 2 1 2 1 4 5 3 4 4 5 4 5 3 5 3 4 4 4 5 4 3 5 3 5 4 5 3 3 5

21 2 4 3 2 1 2 2 2 3 5 5 5 5 2 3 5 5 5 5 5 5 5 5 4 5 3 5 5 5 5 3 2 5 1

22 1 6 2 2 2 1 5 2 2 5 3 4 4 4 4 4 5 5 5 4 4 3 4 4 4 3 4 3 3 4 3 3 5 5

23 2 4 3 3 2 2 2 1 3 4 5 3 5 5 5 4 4 4 3 4 4 3 4 5 3 4 4 4 5 5 4 5 4 3

24 1 5 3 2 2 2 1 1 1 4 5 4 5 4 4 4 4 5 4 5 5 4 5 5 4 4 5 4 5 5 5 4 3 5

25 1 2 2 3 1 3 1 1 2 4 4 4 5 4 5 4 3 3 4 4 4 3 3 4 4 4 4 4 4 3 4 4 4 4

26 1 1 2 2 1 1 1 5 2 4 5 4 3 3 3 4 4 3 5 4 5 4 5 2 3 3 5 5 5 4 5 2 2 5

27 1 6 2 1 1 1 1 5 1 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 3 4 3 3 4 4 3 3 3 5

28 1 1 2 2 2 1 1 1 1 4 5 4 3 4 5 5 5 3 4 4 5 4 5 4 5 5 5 5 4 5 5 4 4 5

29 1 1 2 3 2 1 1 2 2 3 4 4 4 4 3 4 4 4 4 4 4 4 4 3 4 4 4 3 5 3 5 4 3 5

30 1 1 2 3 3 2 1 1 1 5 4 4 4 3 4 3 4 5 5 4 3 3 5 4 5 4 3 4 4 4 3 4 4 5

31 1 1 2 5 3 3 1 1 4 5 5 4 4 4 4 4 4 4 4 5 5 4 4 4 4 3 5 5 4 4 5 5 4 4

32 2 6 2 2 1 1 5 1 2 4 3 5 5 3 4 4 3 5 5 5 5 3 5 5 3 3 5 5 5 5 3 5 3 5
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Sets/ 

Q

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

2.26 2.27 2.28 2.29 2.30 2.31 2.32 2.33 2.34 2.35 2.36 2.37 2.38 2.39 2.40 2.41 2.42 2.43 2.44 2.45 2.46 2.47 2.48 2.49 2.50 2.51 2.52 2.53 2.54 2.55 2.56

5 5 4 3 4 4 3 4 5 4 4 4 4 4 4 5 5 4 4 4 4 3 4 4 5 5 4 4 4 4 4

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 5 5 5 5 5 4 5 5 5 5 5 5

4 3 3 4 4 5 5 3 4 3 5 3 3 5 3 3 3 2 2 1 2 3 5 3 5 3 5 3 3 1 1

5 5 5 4 5 5 5 5 5 5 5 5 5 4 4 5 5 4 5 5 5 4 5 5 5 5 4 5 5 5 5

5 5 5 4 5 5 4 5 5 5 5 5 5 5 5 5 4 5 5 5 5 4 5 5 5 5 5 5 5 5 5

4 4 4 3 4 4 3 3 4 4 4 3 4 3 3 4 3 2 4 3 3 3 3 4 3 4 3 4 4 4 3

3 3 5 4 5 5 4 4 5 5 5 4 5 4 4 4 3 3 4 4 4 4 5 5 4 4 4 4 3 4 4

4 4 5 4 4 5 5 5 5 4 4 4 4 5 5 4 3 4 4 4 4 4 4 4 4 4 5 3 4 3 3

4 4 4 4 4 5 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 4 5 5 4 5 5 5 4 5 5 4 5 5 4 5 4 5 4 4 4 4 4 4 5 4 5 5

3 3 5 3 5 5 4 4 5 4 4 4 4 3 5 5 4 4 3 3 3 3 4 3 4 4 5 4 3 3 3

5 5 5 4 4 5 5 4 5 5 4 5 4 5 4 5 4 4 5 5 5 4 5 5 4 5 5 4 4 5 5

4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 5 4 4 4 4 4 5 5 5 4 4 4 5 3 3 3

5 5 3 4 4 3 5 4 3 4 3 4 4 4 4 2 3 3 5 5 5 1 4 1 4 5 2 4 5 5 2

3 3 4 4 3 4 3 3 4 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 4 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4 5 5 5 5 5 5 5 4 5 5 4 3

5 5 3 4 5 3 1 4 3 5 5 5 5 4 4 3 4 4 5 5 5 5 5 5 5 5 5 5 5 5 3

4 5 4 4 4 5 4 5 4 4 4 5 4 4 4 4 3 4 4 4 4 4 4 4 4 5 4 4 4 4 5

4 3 3 3 4 4 4 4 3 4 3 4 4 4 5 3 5 5 5 4 5 4 4 3 5 4 4 4 3 4 4

5 5 4 4 5 5 4 5 5 4 4 5 5 3 4 5 3 3 5 5 5 3 4 4 4 5 4 4 4 5 3

3 3 3 5 3 3 3 3 3 5 3 4 4 5 4 3 5 5 5 4 4 4 5 4 4 3 5 3 4 4 4

3 3 4 3 4 3 3 4 3 2 2 3 4 4 3 3 4 4 4 5 5 2 4 4 3 2 3 3 3 2 2

4 4 4 4 3 4 3 4 4 4 4 4 3 4 4 4 4 3 4 5 5 4 4 4 4 4 3 4 4 5 4

5 4 5 5 5 5 5 5 4 5 4 5 5 5 5 4 4 5 5 5 5 5 4 5 4 5 4 5 5 5 4

5 5 5 5 5 5 4 4 4 5 5 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 4 3 3 4 4 3 3 3 3 5 2 2 3 4 3 4 4 5 3 5 5 4 4 4 5 5 5 4

5 5 5 4 5 5 4 5 4 4 4 4 4 3 3 4 3 4 4 4 4 4 3 4 3 4 4 4 4 4 4

4 4 5 4 5 5 5 4 5 5 4 5 5 4 4 5 3 3 5 5 5 5 5 4 4 4 4 4 5 3 4

5 5 4 4 4 4 4 4 4 4 4 4 3 3 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4

4 5 4 2 4 4 3 4 4 4 4 4 5 3 3 4 4 4 4 4 5 5 5 4 4 4 4 4 4 3 3

4 4 4 4 4 3 3 3 3 4 4 4 4 3 3 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4

5 5 3 4 4 4 5 4 3 4 4 5 5 5 5 4 2 2 5 5 5 2 3 4 4 5 3 3 5 4 4
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APPENDIX 4

INPUT DATA FROM RESPONDENTS FOR EFA AND CFA  (304  SETS)



Sets/ 

 Q
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

1 1 3 1 3 1 1 1 4 6 4 3 4 4 4 4 4 4 4 3 4 4 4 4 2 2 3 4 3 2 2 2 2 4 2 2 1 2 3 3 2 4 4 3 3 4 2 2 3 3 2 3 2

2 1 1 1 2 1 1 1 5 5 5 4 4 4 4 4 3 5 4 3 4 4 3 4 4 4 4 4 5 4 4 4 4 5 5 5 4 4 4 4 4 4 5 4 3 5 4 4 4 3 4 5 4

3 1 2 1 2 2 2 2 5 1 5 4 4 4 4 4 5 4 4 4 4 3 4 4 5 5 4 2 4 3 3 3 3 3 4 4 3 4 4 3 4 4 4 3 3 4 3 3 3 3 4 4 2

4 1 1 1 3 3 1 1 2 6 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4 3 3 3 3 4 4 4 3 3 3 3 4 3 3 4 4 4

5 1 2 1 3 2 2 1 4 4 4 4 5 3 2 3 3 2 4 4 3 2 1 4 4 3 3 3 4 3 3 4 3 3 4 4 4 4 3 3 3 3 5 3 3 3 3 3 3 3 4 4 2

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

7 1 4 1 3 1 1 1 2 6 4 3 4 3 4 4 5 3 4 4 3 4 4 4 3 4 4 3 4 4 4 4 4 3 4 4 4 3 4 3 4 4 4 3 3 3 4 4 4 4 3 3 3

8 1 3 1 2 4 3 2 3 1 4 4 5 4 4 4 4 4 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 5 4 4 4 4 4 4 4 5 1 1

9 1 3 1 3 1 1 1 2 6 4 3 2 3 2 4 4 4 4 3 3 3 3 3 4 5 4 3 4 3 3 3 3 3 4 4 4 4 4 3 3 4 4 4 4 3 3 4 3 4 4 5 4

10 1 3 2 3 2 1 1 3 6 5 4 3 2 2 2 2 2 2 2 3 3 4 4 4 5 5 4 5 4 4 4 4 4 3 4 2 4 4 2 4 4 4 4 2 4 3 4 3 2 4 3 4

11 1 4 3 2 3 3 3 4 6 3 3 2 2 2 2 3 3 3 3 4 2 2 4 4 1 4 3 4 4 4 3 3 3 2 3 1 2 2 3 4 4 3 3 3 4 4 3 3 3 4 3 3

12 1 1 1 2 3 2 3 2 1 3 4 4 4 3 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5

13 1 4 1 2 1 1 1 3 6 3 4 3 3 3 3 2 4 3 3 3 3 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 4 4 4 3 3 3 4 3 3 3 3 4 3

14 1 1 1 2 2 2 2 4 4 5 5 5 5 5 5 5 4 5 5 4 5 4 5 5 5 5 5 4 5 4 5 5 5 5 5 5 5 4 5 5 4 4 4 4 5 5 5 4 4 4 5 4

15 1 2 1 2 1 1 1 5 6 4 5 4 4 5 4 4 4 4 4 4 3 3 5 4 4 3 4 4 4 4 4 5 3 4 3 4 4 4 2 3 3 4 3 3 4 4 5 4 4 4 3 3

16 1 3 1 3 2 2 1 3 6 3 3 3 2 2 3 2 3 3 3 3 3 2 3 3 3 3 3 3 3 3 4 4 4 3 4 2 3 4 2 3 3 3 4 3 3 2 3 1 3 4 3 3

17 1 4 1 2 1 1 1 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

18 1 3 1 2 3 3 3 3 1 4 5 5 5 5 5 2 3 5 5 4 4 5 5 5 5 3 4 3 3 3 3 3 3 3 4 3 3 3 4 4 4 5 5 5 5 5 4 3 5 5 4 5

19 1 3 1 3 1 1 1 3 1 4 4 5 4 3 4 3 5 3 4 3 5 3 5 2 2 3 3 1 3 2 4 4 3 4 3 2 2 4 2 2 3 4 4 3 3 2 5 3 3 4 4 3

20 1 1 3 3 1 1 1 3 6 3 3 3 2 3 2 2 2 3 3 3 2 3 2 2 2 3 2 2 2 2 3 3 2 3 2 2 3 2 3 2 2 2 2 2 2 3 3 3 3 3 3 3

21 1 3 1 2 3 2 1 3 6 5 4 4 4 4 4 3 5 4 3 3 4 4 5 4 4 4 3 4 4 4 3 4 3 4 4 3 4 4 3 4 4 3 4 4 5 4 5 5 4 3 4 4

22 1 4 1 3 4 1 1 2 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4

23 1 1 1 3 4 4 4 4 6 4 4 3 4 4 4 4 3 3 4 4 4 4 3 3 3 4 4 3 2 2 2 3 3 2 4 2 2 3 3 4 4 4 4 4 4 3 3 4 3 3 4 4

24 1 3 1 2 3 2 3 4 6 4 4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 3 3 3 3 3 1 1 3 3 3 3 3 3 3 3 2 3 1 1 2 3 3

25 1 3 1 3 2 1 2 3 6 5 4 5 5 5 5 5 4 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 4 5 5 5 5 5 5 5 5 5 5 5 5

26 2 4 1 3 2 2 2 3 6 4 4 4 3 3 3 2 3 4 5 4 4 3 5 5 5 5 4 4 4 4 5 5 5 5 5 4 5 4 4 4 4 2 2 4 4 4 4 4 4 5 4 4

27 1 2 1 2 3 2 2 4 1 5 5 4 4 5 5 4 5 4 4 4 4 4 4 5 5 4 4 4 5 5 5 5 5 4 4 4 4 4 4 4 4 5 4 3 3 4 5 4 3 4 4 4

28 1 3 1 3 4 1 1 4 1 5 4 4 5 5 5 4 5 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 3 3 3 4 5 4 4 3 3 5 4 3 3 4 3 2 2

29 1 2 1 3 2 2 2 3 5 4 4 4 4 3 3 3 4 3 4 3 4 3 4 4 3 4 4 4 4 4 4 4 4 4 3 4 4 4 3 4 4 4 3 3 4 3 4 3 4 4 4 4

30 1 2 1 3 3 1 2 3 1 3 4 5 5 5 5 5 4 5 5 5 5 5 4 4 4 3 4 4 4 4 4 4 4 3 5 4 4 4 4 4 4 5 5 5 5 4 3 3 5 4 3 3

31 1 4 1 2 1 1 1 3 5 4 3 3 4 4 5 2 3 4 3 5 4 2 5 4 3 3 4 5 5 4 4 3 3 3 4 1 3 4 2 4 3 4 3 3 4 4 4 3 3 4 3 2

32 1 2 1 2 3 3 3 3 6 4 4 4 4 4 4 3 4 4 4 2 3 4 4 4 4 4 4 4 3 3 4 4 4 4 1 4 3 4 4 4 3 2 2 3 4 5 4 5 2 4 4 3

33 1 2 1 3 2 2 1 3 6 5 5 5 5 5 5 5 5 5 5 4 5 4 4 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 3 5 5 5 4 5 5 5 5 5 5 5 4 4

34 1 3 1 2 1 1 1 5 1 3 4 3 4 4 3 3 3 3 4 2 4 2 4 4 3 5 4 4 4 4 5 5 3 3 4 5 3 5 3 3 3 3 5 5 3 4 4 2 4 4 2 4

35 1 3 1 3 2 2 2 4 1 4 3 3 3 4 5 4 4 5 4 4 3 3 4 3 3 3 4 4 3 3 2 2 3 2 3 2 2 3 2 3 4 4 4 4 4 3 3 3 2 3 3 3

36 1 2 1 2 3 2 1 4 1 4 3 4 4 4 4 4 5 4 4 5 5 5 5 5 5 5 4 4 5 5 5 4 4 4 5 5 4 5 4 5 5 5 4 4 4 4 4 4 4 5 5 5

37 1 3 1 3 2 1 1 2 1 5 5 5 5 5 5 5 5 4 3 3 4 2 5 3 4 5 4 3 3 3 3 4 3 4 3 2 4 5 2 3 4 5 2 2 3 3 5 2 3 3 4 5

38 1 1 1 2 3 3 3 3 6 4 4 4 4 4 4 3 4 3 3 4 3 3 4 4 4 4 4 4 4 4 4 4 4 4 3 3 3 4 3 4 4 4 3 3 3 3 4 3 3 4 4 4

39 1 2 1 3 2 1 2 4 6 4 3 4 4 5 5 3 3 3 5 3 3 3 3 3 4 3 4 3 3 3 3 4 3 3 4 4 4 4 4 4 3 4 4 3 4 3 4 4 4 3 4 4

40 1 1 2 2 1 1 1 4 6 5 4 3 4 4 4 5 5 4 4 3 5 4 5 4 4 3 5 2 4 5 5 5 5 5 3 3 5 5 3 4 3 4 3 3 4 3 5 3 3 5 5 5

41 1 3 1 2 2 2 2 4 6 3 4 4 5 4 4 3 3 3 3 3 4 4 5 4 4 4 4 4 5 4 4 4 4 2 5 3 3 4 3 3 4 4 4 4 4 3 4 5 4 3 3 3

42 1 4 1 2 2 1 1 5 1 3 3 3 3 3 3 3 3 3 3 3 3 2 4 4 4 3 3 4 4 3 3 3 3 4 4 3 3 4 3 4 4 3 4 3 3 3 4 3 3 4 4 4

43 1 2 1 2 2 1 1 5 6 5 5 4 5 5 4 4 4 5 5 4 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 4 4 5 3 4 5 5 5 5 5 4 5 4 3 5 5 5

44 1 4 2 2 1 1 1 4 1 3 3 4 3 4 3 3 4 4 3 4 3 4 4 4 4 3 3 3 4 4 4 4 3 3 3 4 4 4 4 3 3 4 4 4 4 4 4 4 3 4 4 4

45 1 4 1 2 1 1 1 3 7 4 4 5 3 3 5 3 5 5 5 3 5 2 3 2 2 2 3 3 3 3 3 3 3 3 2 5 4 4 2 3 4 4 2 3 3 3 3 3 3 3 3 3

46 1 2 1 2 3 2 3 4 6 4 4 3 3 3 3 2 4 3 3 2 2 2 3 4 4 3 4 4 4 3 4 4 3 4 3 2 3 4 3 4 3 4 2 2 2 2 4 1 2 3 4 4

47 1 2 1 2 3 3 3 1 1 4 5 3 3 3 3 3 5 3 3 4 3 3 5 5 5 4 4 5 5 5 5 5 5 5 4 5 5 4 4 5 5 5 4 3 3 5 5 4 4 4 4 4

48 2 3 1 3 2 1 1 3 6 5 5 4 4 5 5 5 3 4 3 3 4 3 3 5 5 4 5 4 3 4 3 3 3 4 5 3 3 4 4 5 5 5 3 3 3 5 5 3 4 5 5 4

49 1 1 1 3 4 1 4 2 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 3 5 5 5 5 5 5 5 5 5

50 1 2 1 2 2 1 1 3 4 4 4 4 4 3 3 3 3 3 4 4 3 4 3 4 4 4 4 3 4 3 4 4 3 4 4 3 4 3 4 3 4 4 4 4 4 4 3 4 4 3 3 4

51 1 4 1 2 1 1 1 2 6 5 5 4 5 4 5 5 5 5 4 4 4 5 3 4 5 5 5 4 4 4 3 4 4 4 5 4 4 3 3 4 4 5 4 4 4 4 4 5 5 4 4 3

52 1 3 1 3 1 1 1 4 6 4 2 4 3 5 5 4 4 3 4 3 4 2 5 5 5 3 3 2 5 3 4 2 2 2 3 3 3 3 2 4 4 5 3 3 3 4 3 3 4 5 1 1

53 1 3 1 2 2 2 2 3 1 4 4 4 4 5 4 4 4 4 4 4 4 4 5 5 5 5 4 4 4 5 4 4 4 5 5 5 4 4 3 4 4 5 4 3 3 4 4 5 5 4 4 5

54 1 4 3 3 2 1 1 2 1 4 2 3 4 4 4 4 4 4 4 4 3 4 3 4 4 3 4 3 4 3 3 2 2 2 4 2 3 3 4 4 4 4 3 4 3 4 4 3 4 4 4 4

251 



Sets/ 

 Q
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

55 1 4 1 3 2 2 2 4 6 4 3 5 3 3 4 4 3 5 3 2 3 3 3 4 3 3 4 3 3 4 2 3 2 3 5 3 3 5 4 4 3 3 5 4 4 3 3 4 4 3 4 4

56 1 3 2 3 1 1 1 3 6 3 4 3 3 3 4 3 2 4 4 4 4 4 4 4 5 5 5 5 5 5 5 4 4 4 4 5 4 4 4 4 5 5 4 4 4 4 4 4 4 5 5 5

57 1 3 1 3 2 2 2 4 6 5 5 3 4 4 3 2 3 5 3 1 2 3 3 3 3 1 2 1 1 4 3 3 2 3 4 3 3 5 5 5 4 2 4 1 4 2 2 5 3 2 3 1

58 1 1 1 2 3 2 1 3 1 4 4 3 3 3 3 3 4 3 3 4 3 3 4 4 4 4 5 4 4 4 3 3 3 4 5 1 2 4 3 4 4 4 3 3 3 4 4 1 2 4 3 3

59 1 2 1 2 2 2 2 4 7 4 4 3 4 4 5 4 4 5 4 4 4 4 4 4 5 4 4 3 3 3 4 4 4 3 3 5 4 4 4 4 4 4 4 4 4 3 3 4 4 3 3 3

60 1 2 1 2 2 2 2 5 1 4 4 4 4 4 3 3 5 4 3 3 3 3 3 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 4 5 5 4 5 5 5

61 1 2 1 3 2 2 2 4 6 5 5 5 4 4 5 3 4 4 4 4 5 3 4 4 5 4 3 3 3 3 3 4 4 4 4 3 3 3 3 4 4 4 3 2 3 4 4 4 4 4 3 3

62 1 2 1 3 3 3 3 4 6 4 5 3 4 4 3 3 5 3 4 5 4 4 5 5 5 4 3 4 4 4 5 5 4 4 3 3 3 4 2 3 4 5 4 3 4 3 5 3 3 4 3 3

63 1 3 1 3 2 2 2 4 6 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

64 1 4 1 2 1 1 1 2 6 4 4 4 4 5 4 3 4 4 4 3 4 4 4 4 3 3 3 4 3 3 3 4 4 4 4 4 3 4 3 4 4 4 4 4 4 3 3 3 3 3 3 3

65 1 1 1 3 3 2 2 3 1 3 3 5 4 4 5 3 3 3 3 4 3 4 4 5 5 5 5 5 5 5 3 4 3 3 4 3 3 4 5 5 5 5 3 3 5 4 4 4 4 3 5 3

66 1 3 1 3 1 1 1 4 6 4 4 4 4 4 4 3 4 4 4 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 3 3 3 3 3 4 4 3 3 4 4 3 3 4 4 4 4

67 1 4 1 3 1 1 1 1 6 5 5 5 5 5 5 5 5 5 5 3 5 2 5 5 5 5 5 5 5 5 3 5 5 5 5 5 5 5 2 5 5 5 2 5 5 5 5 5 5 5 5 5

68 1 3 1 2 2 1 2 2 5 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

69 1 4 1 3 1 1 1 4 1 5 5 4 5 5 5 4 5 4 3 4 5 3 4 5 5 5 4 3 5 4 5 4 3 3 5 5 5 5 4 4 3 5 4 3 3 5 5 5 5 5 3 3

70 1 4 1 3 1 1 1 3 6 5 5 4 4 4 4 4 5 5 3 4 5 4 5 5 4 3 5 5 4 3 5 5 4 3 5 3 3 5 3 4 4 5 4 5 4 3 5 4 5 5 5 5

71 1 3 1 3 1 1 1 4 6 4 4 3 3 3 3 4 4 4 3 4 4 5 4 4 3 3 3 2 3 3 4 3 4 4 5 2 2 4 4 3 4 5 3 2 4 2 3 3 2 4 3 2

72 1 3 1 2 2 1 2 4 6 2 2 3 3 3 3 3 2 2 3 2 2 1 2 1 1 4 1 3 1 1 1 2 2 1 2 3 3 4 1 2 5 5 5 4 3 3 3 1 2 3 3 1

73 1 3 1 2 2 2 2 2 6 3 3 3 3 3 3 3 3 3 2 2 2 2 3 3 3 3 4 4 4 4 4 3 3 3 3 2 2 3 3 3 3 3 3 3 3 2 3 1 1 3 3 3

74 1 3 1 3 2 1 1 4 1 4 3 4 4 4 3 5 4 5 4 4 5 5 4 5 5 5 4 4 3 4 4 5 4 4 5 5 4 3 3 3 4 4 4 4 4 5 4 5 3 3 4 4

75 1 2 1 2 3 3 3 4 7 5 5 4 4 4 4 4 5 4 4 3 4 3 4 4 5 4 5 4 5 4 5 4 3 4 4 3 3 3 3 4 4 4 4 3 4 3 5 4 4 5 4 5

76 1 2 1 2 3 3 3 5 6 4 5 4 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

77 1 4 3 3 1 1 1 3 6 4 5 4 4 4 3 3 4 3 4 3 3 3 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

78 2 3 1 3 2 1 2 3 1 4 4 3 3 3 3 3 4 3 3 4 3 4 3 4 4 4 4 4 4 4 3 3 3 4 4 3 4 3 3 4 4 4 3 3 3 3 4 2 3 4 4 4

79 1 2 1 3 2 2 2 5 7 4 4 5 3 4 4 5 4 4 4 5 5 4 5 5 5 5 5 5 5 5 5 5 5 4 4 3 3 5 3 5 5 5 4 3 4 3 4 1 4 5 5 5

80 1 4 1 2 1 1 1 3 6 4 4 4 3 3 4 4 5 4 4 3 4 4 2 5 4 4 4 3 5 3 5 4 4 5 4 4 3 4 3 4 4 4 4 4 5 4 4 4 4 4 3 3

81 1 4 3 3 1 1 1 3 7 4 5 5 4 4 4 3 4 4 3 3 3 3 3 4 4 4 3 3 3 3 3 4 4 4 3 4 3 3 3 3 4 3 2 2 2 3 4 3 4 4 4 4

82 1 4 1 2 1 1 1 4 6 4 4 4 5 5 5 5 5 3 3 4 4 5 3 4 3 3 2 3 3 3 4 4 3 5 5 4 3 5 4 4 4 4 4 3 4 4 3 4 3 5 4 3

83 1 3 1 2 3 2 2 1 1 4 4 2 2 2 1 2 4 2 2 2 2 2 4 4 4 4 4 4 4 4 4 3 3 3 4 1 1 5 2 4 2 4 4 2 4 3 4 3 3 3 3 3

84 1 3 1 3 3 1 3 3 6 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 2 4 3 4 2 3 3 3 3 2 2 3 2 3 2 2 4 2 3 3 3 3 3 3 3 3

85 1 4 1 2 1 1 1 3 6 3 3 5 4 5 5 5 3 3 5 5 4 5 5 4 4 5 5 4 4 4 4 4 3 4 5 5 5 5 5 5 5 5 5 1 5 5 4 5 4 5 5 4

86 1 4 1 2 1 1 1 3 6 5 5 4 4 3 3 3 2 3 3 3 3 2 4 3 3 3 2 2 1 2 1 2 3 2 3 3 3 4 3 3 3 3 3 4 3 4 3 3 4 4 4 4

87 1 4 1 2 1 1 1 2 6 5 4 3 4 2 4 4 4 3 4 4 4 4 4 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 3 4 4

88 1 4 1 2 1 1 1 1 6 3 2 3 2 3 3 2 3 2 3 2 3 2 3 3 4 3 3 3 2 3 3 4 3 2 3 4 3 2 3 3 2 2 3 2 3 3 2 3 4 3 2 3

89 1 1 1 2 2 2 2 5 6 4 4 5 4 4 4 4 5 5 4 3 3 3 4 3 3 5 4 4 4 4 2 4 4 4 4 1 3 3 3 4 3 3 2 1 2 2 4 3 3 3 3 4

90 1 4 1 2 1 1 1 4 5 5 5 5 5 5 5 1 5 3 5 3 3 4 5 5 5 5 1 5 5 5 5 5 5 5 5 1 2 5 5 5 5 5 3 1 5 5 5 1 5 5 5 5

91 1 1 1 2 3 3 3 3 6 3 3 3 3 3 3 2 4 3 3 4 3 3 4 4 4 5 5 5 5 5 4 4 4 4 4 1 4 4 4 4 4 5 5 5 5 2 4 1 1 4 3 4

92 1 4 2 2 1 1 1 1 6 2 3 3 2 2 3 3 4 2 2 3 3 3 4 4 4 3 4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 3 4 2 3 4 4 2 3 4 4 4

93 1 3 1 2 3 2 3 5 4 4 4 5 3 3 4 1 5 1 2 4 4 1 1 3 4 3 3 3 2 1 1 2 2 3 3 2 3 3 3 3 3 3 3 3 3 3 4 3 3 2 2 3

94 1 1 1 3 3 3 3 3 1 5 4 4 4 4 4 4 4 3 3 4 3 3 4 4 4 3 4 2 3 3 4 3 2 3 4 4 4 4 4 4 4 3 3 4 3 3 4 4 4 4 4 3

95 1 3 1 3 3 1 1 2 6 5 4 3 4 4 5 4 4 5 3 5 4 4 4 4 5 4 4 3 4 3 3 4 3 3 4 5 4 4 4 4 5 4 3 3 3 4 4 4 3 4 5 4

96 1 4 1 2 2 2 1 3 1 3 3 4 4 4 5 4 4 4 4 5 4 5 5 3 4 5 5 4 4 5 5 4 4 5 5 5 5 4 3 4 4 4 5 5 5 5 5 4 4 4 3 3

97 1 1 1 3 3 3 3 3 1 4 4 3 4 4 4 4 4 4 3 5 4 4 5 5 4 5 4 4 5 4 4 4 4 4 4 3 4 4 4 4 5 4 4 4 4 4 5 3 3 4 4 4

98 1 4 1 2 2 2 1 3 1 3 4 4 4 4 4 4 3 4 4 4 4 4 5 4 5 4 5 4 4 4 5 4 4 5 4 4 4 4 5 3 4 4 4 5 5 4 5 4 5 3 4 4

99 1 1 1 3 2 2 1 2 6 3 3 5 4 4 4 3 3 3 3 4 3 3 5 5 4 5 5 5 5 5 5 4 4 3 4 3 3 5 3 4 4 3 3 2 4 3 4 3 5 4 4 3

100 1 3 1 2 2 2 1 3 1 3 3 4 4 3 5 4 5 4 4 4 5 5 5 5 5 5 5 5 5 5 5 4 4 4 4 4 4 5 4 5 5 5 5 5 5 4 5 4 4 5 4 4

101 1 4 2 2 1 1 1 3 6 3 4 5 5 4 4 4 4 5 5 4 4 5 5 4 5 5 5 4 4 4 4 5 4 4 3 4 4 5 4 4 4 5 4 5 5 4 5 5 4 4 4 4

102 1 3 1 3 2 1 1 2 6 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1 3 3 3 3 4 4 4 3 3 3 3 5 4 3 4 5 4 3 4 4 3 3 3 3 3 3

103 1 3 1 3 2 1 1 3 6 4 4 2 5 5 5 5 5 3 3 2 4 5 5 2 2 2 3 3 5 4 2 2 2 2 5 4 4 5 5 4 4 3 5 5 4 3 3 3 2 2 2 5

104 1 4 1 3 1 1 1 3 6 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 4 3 4 3 5 4 3 3 4 2 3 3 4 4 3 3 3 4 3 3 4 4 3

105 1 1 1 3 2 1 2 3 1 4 4 3 4 4 5 4 3 4 5 3 3 3 3 5 4 3 4 4 4 4 3 2 3 3 4 4 3 4 3 4 5 3 3 3 3 3 5 3 3 5 4 4

106 1 1 1 3 3 2 2 3 1 4 4 2 3 3 4 3 4 3 3 4 4 5 4 4 4 4 4 5 4 4 5 4 3 4 4 2 4 4 2 4 4 4 3 3 4 4 5 4 4 4 5 4

107 1 4 1 2 1 1 1 3 1 3 3 4 4 4 4 4 4 3 3 4 3 4 4 4 3 4 3 3 3 3 4 3 3 3 4 3 3 4 3 3 3 4 3 3 3 4 4 4 3 3 3 3

108 1 2 1 2 2 2 2 5 4 4 4 4 4 4 4 3 3 3 3 3 3 3 4 4 4 4 3 3 4 4 4 3 3 3 3 3 3 4 4 4 4 4 3 3 4 4 4 4 4 4 4 4

252 



Sets/ 

 Q
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

109 1 4 1 3 1 1 1 2 6 3 3 2 1 2 2 1 3 2 2 2 1 3 3 4 4 5 3 5 5 3 4 3 4 4 4 2 2 4 4 5 5 4 2 2 3 3 4 3 3 4 5 5

110 1 2 1 2 3 3 2 5 1 5 4 5 4 4 4 4 4 4 3 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 3 2 3 4 3 4 4 4 3 3 4 3 4 3 2 3 4 4

111 1 1 1 2 3 3 3 5 4 5 4 5 4 5 5 5 5 4 4 5 3 4 4 5 5 4 3 5 5 5 5 3 3 2 3 4 4 3 5 5 5 5 4 4 5 5 5 3 4 5 5 5

112 1 2 1 3 3 2 2 5 1 4 4 4 4 4 4 4 4 3 3 3 4 3 4 5 5 5 3 3 5 5 5 3 3 4 5 3 3 3 4 5 5 5 4 4 4 5 5 3 3 5 5 5

113 1 1 2 3 4 1 4 2 2 3 5 5 3 3 4 2 3 3 2 3 4 2 5 4 5 4 4 5 5 5 3 3 3 3 5 2 2 3 3 3 3 3 3 2 4 2 3 3 3 4 4 4

114 1 2 1 2 3 3 2 3 1 3 4 3 3 2 3 2 2 2 2 2 2 1 3 4 3 2 4 4 3 3 4 4 3 3 4 2 3 3 2 3 2 4 2 1 3 2 3 1 2 3 3 2

115 1 4 1 3 2 1 1 2 6 3 4 4 4 4 4 4 4 4 3 3 4 4 4 3 3 3 3 3 4 4 3 3 3 3 4 4 4 4 3 4 4 4 4 4 4 4 3 3 3 3 3 3

116 1 3 1 2 2 1 2 4 7 4 4 4 3 4 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 3

117 1 4 1 3 2 2 2 4 6 4 4 4 4 3 3 3 4 3 3 3 3 3 4 4 4 4 4 4 3 3 4 4 5 5 5 2 2 5 1 5 4 4 4 4 5 3 4 4 3 4 4 4

118 1 3 1 3 3 2 3 4 6 4 4 3 5 3 4 3 5 5 4 4 5 5 4 5 5 5 5 5 5 5 5 3 3 3 3 2 4 5 5 5 5 3 2 4 3 3 5 3 3 4 5 4

119 1 3 1 2 2 2 2 3 7 3 3 2 3 2 3 2 3 3 3 3 4 4 3 4 4 5 3 4 5 4 4 4 4 4 4 4 4 4 3 4 4 4 3 3 3 3 5 4 3 4 5 4

120 1 1 1 2 3 2 3 5 1 4 4 5 5 5 5 3 3 5 5 5 4 3 4 5 5 5 5 5 5 4 5 4 3 3 5 3 4 4 3 5 5 5 5 3 5 3 5 3 5 3 5 5

121 2 4 1 3 1 1 1 1 6 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

122 2 4 1 2 1 1 1 1 6 2 2 3 3 3 4 4 3 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3 4 4 3 3 4 3 4 4 3 3 3 3

123 1 3 1 2 3 2 3 4 1 5 5 5 5 5 5 5 5 4 4 4 5 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 2 5 5 4 4 4 4 5 5 5 5 5 5 5

124 1 3 1 2 2 2 1 3 1 4 3 2 3 3 2 2 3 2 2 2 2 2 2 3 3 3 2 4 3 3 3 3 3 3 3 3 3 3 2 3 3 3 2 2 2 3 3 2 3 3 3 3

125 1 2 1 2 3 1 1 3 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4 4 5 4 4 5 5 4 5 5 5

126 1 4 1 2 3 1 1 1 7 4 4 3 3 3 3 3 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3 2 2 2 2 2 2 2 2 3 2 2 2 2 2 2

127 1 2 1 2 2 1 2 4 2 4 5 4 5 5 4 3 4 5 5 3 4 5 4 4 5 4 4 4 4 4 4 4 4 5 3 4 4 5 3 4 4 5 3 3 4 4 4 3 3 4 3 5

128 1 1 1 3 2 1 1 4 1 3 3 4 4 4 3 3 4 4 3 5 5 4 5 5 5 5 4 5 5 4 4 5 4 5 5 4 4 4 4 5 5 5 5 4 4 4 3 3 4 5 3 5

129 1 1 1 3 3 2 2 3 6 2 2 4 4 4 4 4 4 4 4 2 4 2 4 4 5 5 5 5 5 4 4 4 4 4 4 2 2 4 2 4 4 4 4 3 5 2 5 2 2 4 4 3

130 1 4 1 2 2 2 2 5 7 5 4 5 5 5 5 4 5 4 4 4 4 4 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 4 4 5 5 4 4 5 5 5 4 4 5 4 5

131 1 2 1 2 2 2 2 5 6 5 4 4 4 4 4 4 5 4 3 4 3 3 5 5 5 5 4 4 4 4 4 5 4 4 4 3 3 5 3 4 5 5 4 3 4 2 5 3 2 4 5 5

132 1 3 1 3 1 1 1 1 7 5 5 5 5 5 5 5 5 3 4 3 5 5 5 4 5 4 5 5 3 3 4 3 3 4 4 3 3 3 1 2 5 3 2 3 3 3 4 4 4 4 4 3

133 1 4 1 3 2 2 2 2 2 4 4 4 4 3 3 4 3 3 3 4 3 3 3 4 4 4 4 4 3 3 3 4 3 3 3 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4

134 1 3 1 3 2 1 1 3 6 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 2 2 3 2 2 2 3 3 2 2 2 2 2 2 2 2 2

135 1 3 2 2 2 1 1 4 3 5 4 5 5 5 5 4 4 5 5 4 5 4 5 4 5 3 5 5 5 5 3 3 3 4 5 3 3 4 4 4 5 4 3 4 5 4 3 3 3 2 2 2

136 1 2 1 2 3 3 3 5 6 3 3 4 3 4 3 4 4 4 3 3 3 3 5 4 5 4 4 4 4 4 4 4 4 3 4 3 3 4 3 4 4 4 3 3 3 3 4 3 4 4 4 4

137 1 3 1 2 2 2 2 5 1 5 4 5 4 4 4 5 3 4 4 5 4 4 5 5 5 5 4 4 4 4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4

138 1 3 2 3 1 1 1 1 6 4 4 4 4 4 4 3 5 3 4 3 4 3 4 4 4 4 4 4 5 4 5 4 4 4 4 4 3 4 3 4 5 4 4 3 4 4 4 4 3 4 3 3

139 1 4 1 3 1 1 1 5 7 4 4 3 5 2 2 3 5 2 2 3 5 1 3 4 3 3 3 4 4 4 4 4 4 4 3 1 3 5 4 3 3 4 3 1 3 2 3 4 3 3 3 4

140 1 4 1 2 1 1 1 1 6 3 3 3 3 3 3 3 3 4 3 3 3 3 3 3 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

141 1 4 1 2 1 1 1 4 7 4 4 3 3 3 4 4 4 4 3 2 3 4 4 3 3 4 4 3 3 4 4 4 4 4 5 5 4 3 2 3 4 4 4 3 3 3 4 4 4 4 3 3

142 1 4 1 2 1 1 1 3 6 5 4 4 5 5 4 4 4 5 4 3 5 4 4 5 5 4 4 4 5 5 4 4 4 4 4 3 4 4 3 4 4 4 4 4 4 3 4 3 4 4 4 4

143 1 3 1 3 2 1 1 1 1 5 4 5 4 4 5 3 4 4 4 4 3 3 5 5 4 4 5 4 4 4 5 4 3 2 3 3 2 5 3 4 4 5 4 3 5 3 5 3 3 4 5 4

144 1 4 1 2 2 2 2 4 1 4 4 4 4 4 4 4 4 5 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4 5 4 5 4 4 4 4 4 4 4

145 1 3 1 2 2 1 1 3 5 5 4 4 4 4 5 3 5 4 4 5 4 5 5 4 4 5 5 4 4 4 5 4 4 4 3 4 4 3 4 3 4 4 4 5 3 5 5 5 4 5 4 4

146 1 3 1 2 1 1 1 1 7 4 4 3 3 4 4 4 3 3 4 2 4 5 2 4 4 3 2 3 4 3 5 4 3 3 4 3 3 4 4 4 3 3 4 3 4 4 4 3 4 3 3 4

147 1 3 1 3 2 1 2 3 6 5 5 5 5 5 5 5 5 5 5 4 4 5 4 5 4 4 4 4 5 5 5 3 3 3 4 5 4 4 5 4 4 5 3 2 3 4 5 1 4 5 4 4

148 1 3 1 3 2 1 2 3 6 3 3 4 3 3 3 2 4 2 2 2 2 1 2 3 4 4 4 4 4 3 4 4 4 3 4 1 2 3 1 3 3 4 1 1 3 2 4 2 2 4 2 2

149 1 3 1 2 2 1 2 4 6 4 4 5 4 4 5 2 4 4 3 3 5 2 4 4 4 5 4 5 4 4 4 4 4 5 4 4 4 4 4 4 5 5 4 4 4 5 4 4 2 5 4 4

150 1 3 2 2 2 1 2 4 7 4 5 4 4 4 4 4 5 3 4 4 4 4 5 4 5 5 4 4 5 5 4 5 4 4 4 4 4 5 3 4 4 5 4 4 4 4 5 4 4 5 5 4

151 1 4 1 2 1 1 1 4 5 5 5 4 4 5 4 5 4 4 5 4 4 4 5 5 4 4 5 4 5 4 4 5 3 4 4 4 3 4 4 5 3 4 3 4 4 4 5 4 4 4 5 5

152 1 4 1 2 2 2 1 3 5 3 3 4 4 3 3 3 4 3 4 4 4 4 4 3 4 3 3 4 3 3 4 3 4 3 4 3 4 3 3 3 3 4 3 3 4 4 4 4 3 4 3 4

153 1 3 1 2 3 1 2 3 7 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 2 3 4 2 4 4 4 4 4 4 4 4 3 3 4 4 4

154 1 3 1 3 2 1 2 3 6 5 4 5 5 5 5 5 5 4 5 5 4 5 5 5 5 5 5 4 5 5 5 4 5 5 5 4 4 5 4 5 4 5 4 4 4 5 5 5 4 5 5 5

155 1 4 1 2 2 2 2 3 2 4 3 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 3 4 3 4 4 4 3 4 3 4 4 4 4 4 3 4 4 4 3 4 4

156 1 4 1 2 1 1 1 1 1 4 4 3 4 4 3 4 3 4 3 4 4 4 4 3 4 3 3 3 2 3 3 3 3 2 4 3 3 4 4 4 4 4 4 4 4 3 3 3 3 3 3 3

157 1 4 1 3 2 1 1 2 6 5 5 5 5 5 5 5 5 4 4 4 4 4 4 5 5 5 5 5 5 5 5 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

158 1 4 1 2 2 2 2 4 7 4 4 3 3 4 4 3 4 4 3 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4

159 1 4 1 3 1 1 1 1 6 3 3 2 2 2 2 1 4 2 1 3 1 1 3 4 4 3 3 4 4 4 3 4 3 3 4 4 2 3 2 3 3 4 2 1 3 2 3 1 1 4 3 4

160 1 3 1 2 1 1 1 5 6 5 4 4 3 4 3 3 4 3 4 2 2 5 5 4 4 3 3 3 5 3 3 5 3 4 4 3 2 4 1 2 3 2 2 5 3 5 5 3 5 5 1 1

161 1 4 1 2 2 1 1 2 6 4 4 4 4 4 4 3 4 3 4 4 3 4 3 4 5 4 3 4 3 4 3 3 3 3 3 3 3 3 3 3 4 4 3 3 3 3 4 3 4 4 3 3

162 1 4 1 3 1 1 1 3 6 5 4 4 4 4 4 4 4 3 4 4 4 4 5 4 4 4 3 3 3 4 3 3 3 3 3 4 4 4 3 4 4 4 4 3 3 4 5 5 4 4 5 5

253 



Sets/ 

 Q
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

163 1 3 1 2 3 3 2 4 6 4 4 4 4 4 4 4 3 3 3 3 3 2 4 4 3 4 3 4 4 4 3 4 3 3 4 2 2 3 3 4 4 4 3 2 3 3 4 3 4 4 3 3

164 1 3 1 2 2 1 2 3 1 4 3 4 4 3 3 3 4 4 4 3 4 3 5 5 5 5 5 5 5 5 5 4 3 3 4 4 4 4 3 4 5 4 4 4 4 4 4 4 4 4 4 4

165 1 4 1 2 1 1 1 4 1 3 4 3 4 4 4 4 4 4 4 4 4 4 3 4 4 5 4 4 4 3 4 4 3 4 3 4 4 4 4 4 4 4 3 3 3 4 4 4 5 4 4 4

166 1 4 1 2 2 2 2 3 7 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 3 3 2 4 1 4 4 3 4 4 3 4 4 4 4 4 3 4 3 4 3

167 1 4 1 1 1 1 1 3 1 3 3 4 3 4 4 4 4 3 4 4 4 4 4 4 3 5 5 4 4 4 4 4 4 4 4 3 3 4 4 4 3 4 4 4 4 4 4 3 4 4 3 3

168 1 4 1 2 1 1 1 3 6 4 4 3 3 4 4 3 4 4 3 4 4 4 4 4 4 4 4 3 3 3 3 4 4 4 4 4 4 5 4 5 5 3 4 4 4 4 4 4 3 5 5 4

169 1 4 1 1 1 1 1 3 1 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 3 4 4 5 4 4 4 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 3 3 3 4 3 3

170 1 4 1 2 1 1 1 5 6 4 4 4 4 4 4 4 3 4 4 3 4 4 3 4 1 4 3 4 4 4 2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

171 1 3 1 2 2 2 1 1 6 4 4 3 3 3 3 3 3 2 3 4 3 4 4 4 4 4 4 5 4 5 5 4 4 4 3 3 4 4 3 4 4 3 4 3 5 4 4 4 3 5 4 5

172 1 3 1 2 3 3 3 3 6 5 5 5 5 5 5 4 4 4 4 4 5 4 5 5 5 4 4 4 4 4 5 4 4 5 5 4 4 4 5 5 5 5 5 4 5 5 4 4 4 5 4 4

173 1 3 1 3 2 1 2 3 6 3 4 3 3 4 3 3 3 3 2 3 4 3 4 3 3 3 3 4 4 3 3 4 3 3 4 2 2 3 2 2 3 2 3 2 2 2 3 2 3 4 4 3

174 1 3 1 3 3 2 2 4 4 3 4 4 4 3 3 2 4 3 4 4 4 4 4 4 3 3 4 4 4 4 4 4 3 4 4 2 2 3 3 2 2 3 4 4 2 3 2 2 2 2 3 3

175 1 3 1 2 2 1 2 4 1 4 4 4 4 4 5 5 5 5 5 4 4 4 5 5 4 4 4 4 4 3 3 4 5 5 3 5 4 5 4 4 4 4 3 3 3 4 4 4 4 4 4 4

176 1 4 1 2 1 1 1 5 6 5 5 5 5 5 5 4 5 5 5 4 4 3 5 5 5 5 3 5 5 4 5 5 5 5 4 4 4 4 3 5 5 5 3 3 4 3 5 5 5 5 5 5

177 1 3 1 2 2 1 2 4 7 4 3 4 4 3 3 3 3 3 3 3 3 3 3 2 3 5 3 3 4 5 3 2 3 2 3 2 3 4 2 3 3 4 3 3 3 3 4 3 3 3 3 3

178 1 1 1 2 3 1 1 2 1 4 5 1 3 2 3 2 3 3 3 2 4 4 4 5 4 3 4 4 4 4 3 3 3 3 3 2 1 3 2 3 4 4 5 3 4 3 4 2 2 4 4 4

179 1 3 1 2 2 2 3 4 1 4 5 4 5 5 5 5 5 4 5 4 5 4 5 5 5 5 4 4 5 5 5 4 4 5 4 5 5 5 3 4 4 4 4 4 4 4 5 4 4 5 4 5

180 1 4 1 2 2 1 2 3 6 3 4 4 3 4 4 3 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3 4 4 4 4 4 4 3 3 4 4 4 4 4 4 4 4

181 1 4 1 2 2 1 2 4 1 5 4 5 4 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 4 3 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 4 4

182 1 4 1 2 2 2 2 5 1 5 4 4 5 3 4 4 5 4 3 4 4 3 4 5 5 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 3 4 4 4 4 4 4 4 5 4

183 1 3 1 2 2 2 2 4 1 4 5 4 3 5 3 4 5 4 5 5 2 4 5 5 5 5 5 4 4 4 5 5 4 5 4 4 4 3 3 5 5 5 4 5 5 4 5 5 5 5 4 4

184 1 3 1 3 3 1 3 3 6 4 4 4 4 4 5 5 4 4 4 4 3 3 3 5 5 4 5 4 4 4 5 4 4 4 4 4 3 5 4 4 4 4 3 4 5 3 3 4 4 4 2 2

185 1 4 1 2 2 2 1 3 6 3 4 3 3 3 4 3 4 4 4 3 4 4 4 4 5 4 4 4 4 4 5 4 4 5 4 3 4 4 3 4 4 4 4 3 4 3 4 3 4 5 4 4

186 1 3 1 2 2 2 2 4 6 3 3 4 3 3 3 3 3 4 3 4 4 3 4 4 4 4 3 4 4 4 4 4 4 4 4 3 4 4 3 4 4 4 4 4 4 3 3 3 4 3 4 5

187 1 3 1 2 2 2 1 3 7 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3 2 2 2 3 3 3 3 2 2 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

188 1 4 1 2 1 1 1 2 6 5 5 5 5 5 5 4 3 5 5 4 3 3 4 4 4 3 3 4 4 4 3 3 3 3 2 3 3 5 3 3 4 3 2 2 3 4 3 3 3 4 4 4

189 1 3 1 2 2 1 1 3 1 3 4 3 4 4 3 3 4 3 3 3 4 4 4 4 4 4 3 3 4 4 4 4 4 4 4 3 4 4 3 3 4 4 4 4 3 3 4 4 4 4 4 4

190 1 1 1 3 3 2 2 4 6 4 3 4 4 4 5 5 4 5 5 5 5 4 5 5 5 5 4 3 4 4 4 4 3 3 4 3 4 5 3 4 5 5 4 5 4 4 4 4 4 5 4 4

191 1 4 1 2 2 1 2 4 6 5 5 4 4 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

192 1 4 1 2 2 2 2 2 6 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

193 1 4 1 2 1 1 1 1 1 5 5 5 5 5 5 5 4 5 4 4 5 4 5 5 5 4 4 5 5 4 4 4 4 4 5 4 4 4 4 5 4 5 5 4 5 4 5 4 4 4 4 4

194 1 3 1 3 2 2 2 3 6 4 3 4 3 3 3 3 4 3 3 3 3 4 4 4 3 4 3 4 4 3 4 3 3 3 4 1 1 4 1 4 3 2 4 4 3 4 3 1 3 3 4 3

195 1 1 1 3 2 2 2 4 4 5 5 5 5 5 5 5 5 5 5 4 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5

196 1 3 1 3 3 2 2 5 1 4 4 4 4 4 4 4 5 4 5 4 4 4 4 5 4 5 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4 4 3 3 3 4 4 4 4 4 4 4

197 1 4 1 2 2 1 1 1 6 3 3 3 3 3 3 3 3 3 3 3 4 3 4 5 5 4 4 4 5 4 5 4 4 4 4 1 4 4 1 4 4 4 1 3 3 3 5 1 3 5 4 3

198 2 2 1 3 3 2 3 5 1 3 4 4 4 4 3 5 5 3 5 5 4 3 4 5 5 5 3 4 5 4 3 5 5 4 4 5 4 5 5 5 5 5 4 4 4 5 5 5 5 4 5 3

199 2 2 1 3 3 2 1 2 1 4 4 5 3 4 5 3 4 5 4 4 4 3 3 4 4 3 4 4 4 3 4 3 3 3 3 3 3 4 4 4 4 3 3 3 3 4 4 4 3 3 3 3

200 2 4 2 2 3 3 3 3 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

201 2 2 1 3 3 3 3 2 1 5 4 4 4 4 4 3 4 3 4 2 3 2 5 5 4 5 5 4 3 4 4 3 4 5 5 5 4 4 3 4 4 4 3 3 4 4 4 3 3 4 4 5

202 2 4 1 3 3 2 3 3 1 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

203 2 1 1 2 1 1 1 2 6 5 4 5 4 5 5 5 3 4 5 4 4 5 5 4 4 5 5 4 4 4 5 4 4 5 5 5 3 4 4 4 4 4 3 4 4 4 4 4 4 5 3 3

204 2 4 1 2 1 1 1 3 1 5 3 5 4 4 5 4 5 5 5 4 5 5 3 5 5 3 4 5 5 5 3 5 5 5 3 3 3 4 5 5 5 4 1 1 3 5 5 5 5 5 3 5

205 2 3 1 3 4 1 2 3 1 5 5 5 5 5 5 5 4 5 5 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 3 4 4 3 4 4 5 4 5 3 4 4 4 3

206 2 4 3 3 5 1 1 1 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

207 2 4 3 2 2 2 2 4 6 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 4 4 5 5 5 4 4 5 5 5 5 5 5 5 4 4 4 4 4 5 5 4 4 4 4 4 4 5

208 2 4 1 3 1 1 1 1 1 5 5 3 5 5 5 4 5 4 4 4 4 3 5 5 5 5 4 5 5 5 5 5 5 5 5 4 4 5 4 5 4 5 4 5 5 3 4 5 4 4 4 5

209 2 2 1 2 4 3 3 3 1 5 5 5 5 5 5 4 5 5 5 5 5 4 4 5 5 4 4 5 5 5 5 4 4 5 5 4 4 5 4 5 5 5 4 5 5 4 4 4 4 5 5 5

210 2 3 2 3 2 1 2 1 3 5 4 3 4 5 5 4 2 4 5 3 3 2 5 5 5 3 4 3 3 3 2 5 4 5 5 4 4 5 5 4 4 5 3 4 3 2 2 4 3 3 5 5

211 2 1 1 3 3 1 3 3 1 4 5 5 3 4 3 4 5 4 4 3 5 1 1 2 1 2 3 3 3 3 2 4 4 4 4 4 4 5 4 5 4 4 5 5 5 5 4 3 3 5 4 4

212 2 4 1 1 5 3 3 5 1 4 4 4 4 4 4 4 4 4 4 4 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4 4

213 2 4 2 2 3 2 2 1 3 5 5 4 3 5 5 3 5 3 5 3 5 5 5 3 3 5 3 5 5 5 5 5 5 2 5 2 2 5 5 5 3 3 3 3 3 3 5 5 5 3 5 5

214 2 2 1 3 3 2 2 4 1 5 5 3 5 5 5 4 5 5 5 4 5 3 5 4 5 5 5 4 5 4 4 5 4 4 5 5 4 5 5 4 4 5 4 3 5 4 5 4 5 5 4 4

215 2 1 1 3 4 3 3 1 1 3 4 3 2 4 4 3 4 3 4 3 3 3 5 4 4 4 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 5 5 5

216 2 4 2 2 2 2 2 1 3 3 3 4 3 4 4 4 3 4 4 4 4 3 4 5 5 4 3 3 3 3 3 4 5 4 4 4 4 4 4 5 4 4 4 5 4 4 4 4 3 4 4 4

254 



Sets/ 

 Q
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

217 2 1 3 2 5 5 5 4 6 4 5 5 5 5 5 4 4 4 4 4 4 4 5 5 5 5 4 4 4 4 4 5 4 4 5 3 3 4 4 5 4 4 4 4 4 4 4 5 4 4 4 4

218 2 2 2 2 2 1 1 1 3 4 4 2 2 4 5 5 4 3 4 4 4 5 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 4 4 3 3 3 3 4 4 5 4 3 4 3 2 2

219 2 4 2 3 1 1 1 1 3 5 5 5 5 5 5 5 3 3 3 4 5 5 5 4 4 4 4 4 4 4 4 3 5 5 5 5 5 5 5 5 5 1 1 5 5 5 3 3 3 4 4 3

220 2 4 2 2 1 1 1 1 6 5 5 5 5 5 5 5 4 5 5 5 5 4 5 5 5 5 4 4 5 5 4 5 5 5 5 5 5 4 4 5 5 5 4 5 4 5 5 5 5 5 5 4

221 2 4 1 3 1 1 1 5 1 5 5 3 3 3 3 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5 5 5 4 4 4 4 4 4 4 5 5 5

222 2 4 1 2 2 1 1 2 1 4 5 5 5 5 5 4 3 5 5 4 4 5 5 3 3 3 5 5 5 5 5 4 4 5 5 4 4 4 5 5 4 5 5 5 5 4 4 4 5 5 5 5

223 2 4 1 2 2 2 2 2 1 4 4 5 4 5 5 4 2 5 5 4 4 5 4 4 1 3 3 3 1 4 1 2 2 3 4 3 3 4 3 5 4 4 5 5 4 4 4 4 4 2 2 2

224 2 4 3 2 1 1 1 1 6 4 4 4 3 3 4 3 4 4 5 4 4 5 4 5 5 4 4 5 4 4 5 4 4 4 5 5 4 5 4 4 3 4 3 5 5 4 4 5 4 4 4 4

225 2 4 1 2 1 1 1 3 1 4 4 5 5 4 4 4 3 4 4 5 4 4 3 4 5 4 3 4 4 4 3 5 5 4 4 5 4 4 3 4 3 5 5 4 4 4 5 5 5 5 5 5

226 2 1 2 2 2 2 2 2 3 5 4 4 4 4 4 4 5 4 3 4 4 3 3 4 5 3 4 3 3 5 3 4 4 5 5 5 4 4 3 5 3 3 4 4 4 4 4 4 3 3 5 4

227 2 4 1 2 3 1 3 3 1 5 5 5 4 5 5 4 5 5 5 4 5 4 4 4 4 4 4 3 4 4 5 5 5 4 5 4 3 4 4 4 4 4 5 5 5 4 4 4 4 4 4 4

228 2 1 1 3 3 3 3 4 1 4 4 4 5 5 5 5 4 4 3 3 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 3 3 3 4 3 5 4 4 4 4

229 2 4 3 2 5 1 1 2 6 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

230 2 4 1 2 1 1 1 1 1 4 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4 4 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 5 5

231 2 4 3 2 2 2 2 1 6 3 3 3 4 2 3 3 4 3 4 4 2 2 3 4 4 3 2 3 2 3 2 3 3 3 4 4 3 4 4 3 3 3 3 4 4 3 3 3 3 2 2 3

232 2 3 1 3 2 2 2 4 1 3 3 3 3 3 2 2 3 2 2 2 2 3 5 4 3 4 3 4 4 4 5 4 4 3 4 5 5 4 4 5 4 5 4 5 4 4 4 5 4 4 5 5

233 2 4 1 2 1 1 1 1 6 4 5 5 2 5 5 5 2 3 4 4 5 3 5 5 5 5 3 4 4 4 1 4 5 4 5 5 5 4 5 5 3 4 3 5 5 2 3 3 4 4 3 3

234 2 3 1 2 5 1 5 3 1 5 5 5 5 5 5 5 5 5 5 5 5 5 2 3 3 4 4 3 3 3 3 3 3 2 4 4 3 3 4 4 4 3 2 3 4 5 4 3 3 4 3 3

235 2 4 1 3 1 1 1 1 1 4 4 5 4 4 4 4 3 5 4 4 4 3 2 2 3 2 2 3 3 3 2 2 2 2 4 3 2 4 4 4 3 3 2 2 2 2 2 4 2 2 2 3

236 2 4 1 2 2 1 2 4 1 3 3 3 4 4 4 3 4 5 5 4 1 5 2 5 4 3 2 2 4 2 2 1 1 4 4 1 1 4 4 5 1 2 5 1 5 1 1 1 1 1 1 1

237 2 3 1 2 5 2 3 3 1 5 4 4 4 4 4 4 4 5 5 5 3 4 4 4 5 5 4 4 4 4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 3 3 4 4 4 4 3

238 2 1 1 3 3 2 1 3 1 2 3 3 2 4 4 5 3 4 4 3 4 3 2 3 2 3 2 2 1 2 1 2 2 2 4 3 2 2 3 4 2 2 3 4 4 2 2 2 2 1 2 1

239 2 2 1 2 3 3 3 5 1 5 4 4 5 5 5 5 4 4 5 4 5 4 5 5 5 5 4 5 5 4 4 4 5 4 4 4 4 5 5 4 4 5 5 5 4 5 5 5 5 4 5 5

240 2 4 1 3 2 1 1 1 1 5 5 5 5 5 5 5 5 3 3 4 5 5 5 4 3 4 3 4 4 4 5 5 5 5 5 4 4 5 5 5 5 4 5 5 5 4 4 5 4 3 3 2

241 2 4 1 3 2 1 1 3 1 4 4 5 3 5 3 4 3 3 4 4 4 3 4 4 3 3 5 5 4 5 5 4 4 4 4 3 3 4 3 3 4 4 4 4 5 4 4 4 4 3 4 3

242 2 4 1 3 2 1 1 2 1 5 4 5 4 5 5 4 5 4 4 4 4 5 4 5 5 4 4 4 5 5 4 4 4 4 4 5 5 5 5 4 4 4 4 5 4 4 4 5 5 4 5 5

243 2 3 1 3 3 2 2 4 1 4 4 4 4 5 5 5 4 5 4 4 5 5 5 4 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 5 5 4 4 4 5 4 4 4 4 4 4 4

244 2 4 3 3 1 1 1 3 6 2 3 4 4 5 4 5 5 3 4 5 4 5 5 5 4 5 3 4 5 4 4 5 4 4 5 4 5 5 4 5 4 4 4 5 4 4 3 4 5 4 5 5

245 2 1 1 2 5 5 5 3 1 5 5 5 5 5 5 5 5 5 5 4 4 5 4 5 4 5 4 4 4 5 4 5 5 5 5 5 5 5 5 5 5 4 5 5 4 4 5 4 5 5 5 5

246 2 4 3 2 2 1 1 2 1 5 5 4 4 3 3 3 3 3 3 4 3 4 5 5 5 4 4 4 4 4 5 5 5 4 5 4 4 4 4 4 4 4 3 3 3 3 3 3 3 3 3 3

247 2 4 1 2 5 3 3 3 1 5 5 5 5 5 4 4 5 5 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

248 2 4 1 2 1 1 1 1 1 4 4 5 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

249 2 3 1 2 3 3 3 3 1 4 5 5 4 5 5 4 4 4 4 3 4 4 4 5 5 4 4 4 3 4 4 3 3 3 4 4 4 3 5 4 4 4 4 4 4 4 3 3 4 4 4 4

250 2 4 1 2 1 1 1 1 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

251 2 4 1 2 1 1 1 4 1 4 3 3 3 3 3 3 3 3 2 2 1 1 5 5 4 3 2 3 5 4 5 5 5 5 5 3 5 3 3 3 5 3 1 3 3 3 3 2 3 3 5 5

252 2 4 1 2 1 1 1 2 1 3 4 4 3 4 4 3 4 4 4 3 3 4 4 4 4 4 3 5 5 4 4 4 4 3 4 4 4 4 4 3 4 4 4 2 3 3 3 3 3 3 3 3

253 2 4 1 2 1 1 1 5 1 5 5 5 5 5 4 5 5 5 5 5 5 1 1 5 5 5 5 5 5 5 5 5 5 5 5 2 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 3

254 2 4 1 2 1 1 1 3 1 4 3 4 4 4 5 4 4 4 5 4 4 4 4 3 4 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 3 3 4 4 4 4 4 4 5 4 4 4

255 2 3 1 2 3 3 3 5 1 4 4 4 3 3 4 3 3 3 5 4 5 4 4 5 4 4 4 3 3 3 3 4 3 3 3 4 3 4 3 3 3 3 4 3 3 3 3 4 4 3 3 3

256 2 4 1 2 1 1 1 2 6 5 5 5 3 3 5 5 5 3 4 4 5 5 5 5 5 5 4 4 5 5 3 5 5 5 5 5 5 5 5 5 5 5 3 3 3 5 5 5 5 5 5 5

257 2 3 1 3 2 1 2 3 1 3 4 4 4 4 4 5 3 5 5 5 5 4 5 5 5 5 4 4 5 4 3 5 4 4 4 5 4 4 3 4 3 3 3 3 3 4 4 4 4 4 4 5

258 2 1 1 3 2 2 2 3 1 5 5 5 4 5 5 5 5 5 5 5 5 5 3 3 4 5 3 4 4 5 3 5 4 5 5 3 3 4 5 5 4 4 5 5 5 4 4 4 5 5 5 5

259 2 4 1 2 2 2 2 3 1 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

260 2 4 1 2 1 1 1 3 1 4 3 2 4 3 3 4 3 4 4 3 4 3 4 4 3 4 3 2 3 2 4 4 3 4 5 4 3 4 4 4 4 3 4 4 3 4 5 4 3 4 5 4

261 2 4 3 2 1 1 1 1 6 4 3 3 4 4 4 3 4 3 3 4 5 3 5 4 3 4 4 4 3 4 4 4 3 3 4 4 3 3 4 4 3 2 4 2 3 3 3 5 4 4 2 4

262 2 1 1 3 5 2 5 4 1 4 3 4 3 4 3 3 3 4 4 5 4 4 4 4 4 4 3 4 4 3 4 4 4 4 4 3 3 4 4 5 5 4 4 4 4 4 5 4 4 4 4 3

263 2 1 1 3 5 4 5 4 1 5 5 3 3 3 3 3 3 3 3 2 2 2 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

264 2 4 1 3 2 2 2 2 1 4 5 5 5 4 5 3 3 5 5 5 5 3 3 4 4 3 4 2 3 3 3 3 3 3 4 3 3 4 4 4 3 3 3 4 4 5 5 5 3 4 3 4

265 2 4 3 3 1 1 1 1 1 5 5 5 5 5 5 5 3 5 5 3 5 3 5 5 5 5 5 5 5 5 3 5 5 5 3 5 5 5 3 4 5 5 5 5 5 5 5 3 5 5 5 5

266 2 2 1 3 4 2 4 2 1 4 5 5 4 4 4 4 3 4 4 4 4 4 3 4 4 4 4 4 3 3 3 4 3 4 4 4 4 3 4 4 3 4 4 3 3 3 3 3 3 3 3 3

267 2 4 1 2 2 2 2 3 1 4 3 5 4 4 4 4 4 4 4 3 4 4 3 4 4 4 3 3 3 3 3 3 3 4 4 4 4 4 4 4 5 4 3 3 3 4 4 4 4 4 4 4

268 2 2 1 3 3 2 2 3 2 4 2 3 3 4 4 4 3 4 4 5 5 5 2 2 2 2 2 4 4 5 5 3 3 3 5 2 2 5 5 5 3 3 5 2 5 2 4 4 4 1 1 1

269 2 4 1 3 3 1 1 2 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

270 2 4 3 1 2 2 2 2 6 4 4 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 3 4 3 4 5 5 5 3 4 3 4 3 3 4

255 



Sets/ 

 Q
1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

271 2 1 1 3 5 1 4 4 1 5 5 5 3 5 5 5 5 5 5 5 5 5 3 5 4 4 4 4 3 5 5 5 5 4 5 5 5 5 5 5 5 5 4 4 4 5 5 4 5 5 5 5

272 2 2 1 3 1 1 1 3 1 4 3 4 3 4 3 4 3 4 3 3 2 2 4 4 4 4 3 4 4 3 4 4 4 3 5 3 3 4 5 4 4 4 3 4 4 3 4 4 4 3 3 3

273 2 1 1 2 2 2 1 1 6 3 5 5 5 1 1 1 5 1 2 2 2 3 3 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 1 1 5 5 5 5 5 5 5 5

274 2 4 3 2 2 2 2 3 6 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 3 4 4 4 4 4 4 4 4 4 4 4 4 3 3 4 4 4 4 4 4 4 4 4

275 2 1 1 3 3 3 2 4 1 4 5 4 4 5 5 4 5 4 5 5 5 5 5 4 4 4 3 3 3 4 4 4 4 5 5 4 3 5 5 5 4 4 4 4 4 4 4 4 4 3 5 5

276 2 1 1 3 3 3 3 4 1 4 5 4 4 5 5 4 4 4 5 4 4 5 5 4 4 4 3 4 3 4 4 4 4 4 5 4 4 4 5 5 4 4 4 4 4 4 4 4 4 5 5 5

277 2 4 1 2 3 2 2 4 1 5 5 5 5 5 5 5 5 5 5 5 5 5 3 5 5 5 5 5 5 5 3 5 5 5 5 5 5 5 5 5 5 5 3 5 5 5 5 5 5 5 1 1

278 2 3 1 3 4 4 1 3 4 4 5 5 3 3 3 3 2 2 2 2 3 3 3 5 4 3 3 3 2 3 2 2 2 2 3 4 4 3 4 4 3 4 3 3 4 3 4 3 3 3 4 3

279 2 3 2 2 3 1 1 1 3 3 5 4 4 5 4 3 3 5 4 3 4 5 2 5 5 3 3 3 3 4 3 4 4 3 5 3 4 3 4 5 3 4 3 5 4 5 4 2 5 3 3 3

280 2 3 3 3 3 3 1 3 1 4 4 5 3 5 4 3 4 5 4 4 4 5 5 3 4 4 3 3 3 3 3 5 5 5 3 3 4 4 3 3 5 3 2 2 4 3 4 3 4 3 3 3

281 2 2 1 3 4 3 4 2 1 5 4 3 3 3 3 1 3 2 2 2 1 3 4 4 4 3 3 3 3 2 2 4 4 3 4 2 2 4 4 4 4 3 2 1 1 4 4 4 4 4 4 4

282 2 4 1 2 2 1 2 2 1 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 3 4 4 4 4 4 4 4 3 4 3 4 4

283 2 4 2 2 2 1 2 4 3 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 2 3 4 3 4 4 4 3 4 4 4 4 4 4 4 4 4

284 2 4 1 2 5 1 2 3 1 4 4 4 4 4 4 4 4 4 4 4 5 5 5 4 4 4 4 4 4 4 4 4 5 4 4 5 4 4 4 5 4 5 4 4 4 4 4 4 4 4 4 5

285 2 3 2 2 3 1 3 3 3 4 4 5 3 5 4 4 3 4 4 4 4 4 3 3 3 4 3 3 3 4 4 3 3 4 4 4 4 4 4 4 4 3 4 4 4 3 4 3 4 2 2 3

286 2 3 3 2 5 4 4 2 7 5 4 5 4 5 5 5 3 5 5 4 4 5 3 4 4 4 3 4 4 4 3 4 4 4 5 4 3 4 5 5 5 5 3 4 4 3 4 3 3 4 4 4

287 2 3 2 3 2 1 2 2 3 5 5 4 3 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 5 3 5 4 5 5 5 5 3 5 4 3 5 4 4

288 2 2 1 3 3 3 3 2 1 5 4 3 3 3 3 2 4 3 4 4 3 3 5 5 4 5 5 5 4 5 5 5 4 5 5 5 4 4 4 4 5 3 5 5 5 4 4 3 3 4 4 2

289 2 1 1 3 4 2 1 2 1 5 5 5 5 5 5 4 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 4 4 5 3 3 5 5 5 5 5 5 5 5 5 5 3 5 4 4 4

290 2 4 1 3 2 1 2 2 1 4 5 5 4 4 4 4 3 5 4 4 5 3 2 4 5 3 4 4 3 3 2 3 3 4 5 5 5 4 5 4 4 5 3 3 4 4 5 4 5 4 4 4

291 1 3 3 2 3 3 2 3 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 3 3 3 4 5 3 4 5 3 3 3 5 3 3 5 5 5 5 5 5 5 5 5 4 5 5 5 5 5

292 2 3 1 3 1 1 1 5 6 4 3 4 4 4 4 4 3 4 5 5 4 3 3 4 3 4 3 3 4 4 3 4 3 3 4 3 3 4 3 4 4 4 2 3 3 3 4 4 4 3 3 3

293 2 3 1 3 2 2 2 5 5 4 5 4 5 5 5 5 4 5 5 4 5 3 4 3 5 4 4 5 5 5 5 4 4 3 5 3 3 5 3 3 3 3 5 5 5 4 5 3 3 5 3 3

294 2 3 1 3 2 1 2 3 1 4 4 3 4 4 4 3 4 3 3 3 4 1 1 4 4 4 2 4 4 4 3 4 4 4 4 3 3 4 3 4 4 5 3 4 4 2 5 4 3 5 5 5

295 2 2 1 3 2 2 2 4 1 4 4 3 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 3 3 3 3 4 4 4 2 2 3 3 3 3 3 3 3 3

296 2 1 1 3 3 3 3 3 4 5 5 3 3 4 4 4 4 4 5 2 3 3 4 4 4 5 3 3 4 4 1 3 3 2 4 3 3 3 3 5 2 5 4 4 5 3 3 3 4 4 3 3

297 2 1 1 2 5 5 4 4 6 5 3 4 5 5 4 5 3 4 5 3 4 5 5 5 5 5 4 5 5 5 5 5 5 4 5 5 5 5 4 4 4 5 5 5 5 3 5 3 4 5 4 4

298 1 4 1 2 2 1 2 3 6 5 4 4 4 5 5 5 3 4 4 3 5 3 5 1 2 3 1 2 1 2 2 3 3 4 4 3 3 4 3 4 4 4 4 4 4 4 2 4 4 2 4 4

299 2 2 1 3 3 2 3 2 4 4 4 4 4 4 4 4 4 4 4 4 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4 3 4 3 4 3

300 2 3 1 2 2 2 2 1 6 5 5 5 5 5 4 4 5 4 4 3 5 3 4 4 4 4 4 4 4 4 5 5 5 4 4 3 3 4 4 3 4 3 3 4 3 4 4 4 3 4 4 4

301 1 4 1 3 2 2 2 2 6 4 4 2 2 2 2 2 4 3 3 3 3 3 4 4 4 4 3 3 4 3 4 4 3 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 3 4 3 3

302 1 3 1 3 2 1 2 2 6 5 5 3 4 5 4 4 4 3 5 3 4 3 5 5 5 4 4 5 5 4 4 4 4 4 5 5 5 5 3 3 4 4 5 4 4 4 4 4 4 5 4 4

303 2 2 1 3 2 2 2 2 4 4 3 4 4 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

304 2 3 1 3 5 3 4 1 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5
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APPENDIX 5 

Z-SCORE TEST  

 

 

 

 

 



Sets A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

1 0.1 1.3 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.9 0.4 0.2 0.3 0.0 2.6 2.3 1.2 0.2 1.1 2.1 2.3 1.9 2.3 0.3 2.1 2.6 2.3 1.7 1.4 0.6 2.5 0.0 0.0 0.7 0.6 0.1 1.9 2.4 0.6 0.8 2.1 0.9 1.8

2 1.1 0.0 0.0 0.2 0.0 0.0 0.7 1.3 0.2 0.9 0.4 0.2 0.6 0.0 0.1 0.1 0.0 0.2 1.3 0.1 0.1 0.2 0.1 1.5 1.4 1.2 0.4 0.5 0.1 0.4 0.0 0.0 1.2 0.4 0.6 1.3 0.4 0.0 0.4 0.8 0.1 1.3 0.3

3 1.1 0.0 0.0 0.2 0.0 0.0 1.3 0.1 0.2 0.2 0.4 0.9 0.3 0.0 1.1 1.0 0.0 2.0 0.1 1.0 1.1 0.9 1.1 0.9 0.2 0.1 0.5 0.5 0.1 0.6 0.0 0.0 0.0 0.7 0.6 0.1 0.8 1.2 0.6 0.8 0.1 0.2 1.8

4 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.9 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.5 0.6 1.4 0.6 0.0 0.0 0.0 0.7 0.6 1.1 0.8 0.0 0.6 0.8 0.1 0.2 0.3

5 0.1 0.0 1.2 1.0 2.2 1.1 0.7 2.3 0.2 0.2 0.8 2.0 2.6 0.0 0.1 1.2 1.2 0.9 0.1 1.0 1.1 0.2 1.1 0.9 0.2 0.1 0.4 0.5 1.4 0.6 1.3 1.2 1.2 0.7 0.6 1.1 0.8 1.2 0.6 0.8 0.1 0.2 1.8

6 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 0.2 0.9 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 0.9 1.3 1.5 1.4 1.2 1.3 1.6 0.1 0.4 0.0 0.0 1.2 1.5 0.4 0.1 0.4 0.0 0.4 0.8 1.0 0.9 0.8

7 0.1 1.3 0.0 1.0 0.0 0.0 1.3 1.1 0.2 0.2 0.8 0.2 0.3 0.0 1.4 0.1 0.0 0.9 0.1 0.1 0.1 0.2 0.1 0.9 0.2 0.1 0.4 0.6 0.1 0.6 0.0 0.0 0.0 0.7 0.6 1.1 0.4 0.0 0.4 0.4 1.0 0.9 0.8

8 0.1 0.0 1.2 0.2 0.0 0.0 0.3 0.1 1.3 1.3 0.4 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 0.4 0.0 1.3 1.2 0.4 0.4 0.1 0.4 0.0 0.4 0.4 1.2 3.0 2.8

9 0.1 1.3 2.2 1.0 2.2 0.0 0.3 0.1 0.2 0.9 0.8 0.9 0.6 1.1 0.1 1.0 0.0 0.9 0.1 1.0 1.1 0.9 1.1 0.9 0.2 0.1 0.4 0.5 0.1 0.6 1.3 0.0 0.0 0.4 0.4 1.1 0.8 0.0 0.6 0.4 0.1 1.3 0.3

10 1.1 0.0 1.1 2.2 2.2 2.3 1.7 2.3 2.1 2.1 0.8 0.9 0.3 0.0 0.1 1.0 1.2 0.2 1.3 0.1 0.1 0.2 0.1 0.3 0.9 0.1 1.4 0.5 0.1 1.6 0.0 0.0 0.0 0.4 1.5 0.1 0.8 0.0 0.6 1.9 0.1 0.9 0.3

11 1.3 1.3 2.2 2.2 2.2 2.3 0.7 1.1 0.9 0.9 0.4 2.0 1.6 0.0 0.1 3.4 0.0 0.9 0.1 0.1 0.1 0.9 1.1 0.9 2.1 1.3 2.3 1.7 2.8 0.6 0.0 0.0 1.2 0.7 0.6 0.1 0.4 1.2 0.6 0.8 0.1 0.9 0.8

12 1.3 0.0 0.0 0.2 1.1 0.0 0.7 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 1.3 1.3

13 1.3 0.0 1.1 1.0 1.1 1.1 1.7 0.1 0.9 0.9 0.8 0.9 0.6 1.1 1.4 1.2 1.2 0.9 1.1 1.0 0.1 0.9 1.1 0.9 0.9 1.3 0.5 0.6 1.4 0.6 0.0 0.0 0.0 0.7 0.6 1.1 0.4 1.2 0.6 0.8 1.0 0.2 0.8

14 1.1 1.2 1.2 1.3 1.1 1.1 1.3 0.1 1.3 1.3 0.4 1.2 0.3 1.1 1.1 1.0 1.2 1.4 0.1 1.2 0.1 1.2 1.3 1.5 1.4 1.2 1.3 1.6 0.1 1.5 1.3 0.0 0.0 0.4 0.4 1.3 1.5 1.2 0.4 0.4 0.1 1.3 0.3

15 0.1 1.2 0.0 0.2 1.1 0.0 0.3 0.1 0.2 0.2 0.4 0.9 0.6 1.1 0.1 0.1 1.2 0.2 0.1 0.1 0.1 0.2 1.3 0.9 0.2 1.3 0.4 0.5 0.1 1.6 1.3 1.2 0.0 0.7 0.6 0.1 0.4 1.2 0.4 0.4 0.1 0.9 0.8

16 1.3 1.3 1.1 2.2 2.2 1.1 1.7 1.1 0.9 0.9 0.8 0.9 1.6 1.1 1.4 1.2 1.2 0.9 1.1 1.0 1.1 0.2 0.1 0.3 0.9 0.1 1.4 0.6 0.1 1.6 1.3 1.2 1.2 0.4 0.6 1.1 1.9 1.2 2.6 0.8 0.1 0.9 0.8

17 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

18 0.1 1.2 1.2 1.3 1.1 1.1 1.7 1.1 1.3 1.3 0.4 0.2 1.3 1.1 1.1 1.0 1.2 0.2 1.1 1.0 1.1 0.9 1.1 0.9 0.9 0.1 0.5 0.6 1.4 0.4 0.0 0.0 1.2 1.5 1.4 1.3 1.5 0.0 0.6 1.5 1.2 0.2 1.3

19 0.1 0.0 1.2 0.2 1.1 0.0 0.7 1.3 0.9 0.2 0.8 1.2 0.6 1.1 2.6 2.3 1.2 0.9 3.5 1.0 2.3 0.2 0.1 0.9 0.2 1.3 1.4 1.7 0.1 1.6 2.5 1.2 0.0 0.4 0.6 1.1 1.9 1.2 0.6 0.8 0.1 0.2 0.8

20 1.3 1.3 1.1 2.2 1.1 2.3 1.7 2.3 0.9 0.9 0.8 2.0 0.6 2.2 2.6 2.3 1.2 2.0 2.3 2.1 2.3 0.9 1.1 2.1 0.9 2.6 1.4 0.6 2.8 0.6 2.5 2.5 2.4 1.8 1.5 2.3 0.8 1.2 0.6 0.8 1.0 0.9 0.8

21 1.1 0.0 0.0 0.2 0.0 0.0 0.7 1.3 0.2 0.9 0.8 0.2 0.3 1.1 0.1 0.1 0.0 0.9 0.1 0.1 0.1 0.9 0.1 0.9 0.2 0.1 0.5 0.5 0.1 0.6 0.0 0.0 1.2 0.4 0.4 1.3 0.4 1.2 1.4 0.4 1.0 0.2 0.3

22 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 1.0 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 1.3 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

23 0.1 0.0 1.1 0.2 0.0 0.0 0.3 1.1 0.9 0.2 0.4 0.2 0.3 1.1 1.4 1.2 0.0 0.2 1.1 2.1 2.3 1.9 1.1 0.9 2.1 0.1 1.4 1.7 1.4 0.6 0.0 0.0 0.0 0.4 0.4 0.1 0.8 1.2 0.4 0.8 1.0 0.2 0.3

24 0.1 0.0 0.0 0.2 0.0 0.0 0.7 1.1 0.9 0.9 0.8 0.9 0.6 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.9 1.1 0.9 0.9 1.3 2.3 2.8 1.4 0.6 1.3 1.2 1.2 0.7 0.6 1.1 1.9 1.2 2.6 3.0 2.1 0.9 0.8

25 1.1 0.0 1.2 1.3 1.1 1.1 1.3 0.1 1.3 1.3 0.4 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 0.1 1.5 0.0 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

26 0.1 0.0 0.0 1.0 1.1 1.1 1.7 1.1 0.2 1.3 0.4 0.2 0.6 1.1 1.1 1.0 1.2 0.2 0.1 0.1 0.1 1.2 1.3 1.5 1.4 1.2 0.4 1.6 0.1 0.4 0.0 0.0 2.4 1.8 0.4 0.1 0.4 0.0 0.4 0.4 1.2 0.2 0.3

27 1.1 1.2 0.0 0.2 1.1 1.1 0.3 1.3 0.2 0.2 0.4 0.2 0.3 0.0 1.1 1.0 0.0 0.2 0.1 1.2 1.3 1.2 1.3 1.5 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 1.2 0.4 0.6 1.1 0.4 1.2 0.4 0.8 0.1 0.2 0.3

28 1.1 0.0 0.0 1.3 1.1 1.1 0.3 1.3 0.2 0.2 0.4 0.2 0.3 0.0 1.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.5 0.6 1.4 0.4 1.3 0.0 0.0 0.7 0.6 1.3 0.4 1.2 0.6 0.4 1.0 1.9 1.8

29 0.1 0.0 0.0 0.2 1.1 1.1 0.7 0.1 0.9 0.2 0.8 0.2 0.6 0.0 0.1 1.2 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 1.3 0.4 0.5 0.1 0.6 0.0 0.0 0.0 0.7 0.6 0.1 0.8 0.0 0.6 0.4 0.1 0.2 0.3

30 1.3 0.0 1.2 1.3 1.1 1.1 1.3 0.1 1.3 1.3 1.5 1.2 1.3 0.0 0.1 0.1 1.2 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.9 1.2 0.4 0.5 0.1 0.4 0.0 0.0 1.2 1.5 1.4 1.3 0.4 1.2 0.6 1.5 0.1 0.9 0.8

31 0.1 1.3 1.1 0.2 0.0 1.1 1.7 1.1 0.2 0.9 1.5 0.2 1.6 1.1 0.1 1.2 1.2 0.2 1.3 1.2 0.1 0.2 1.1 0.9 0.9 0.1 2.3 0.6 0.1 1.6 0.0 1.2 0.0 0.7 0.6 0.1 0.4 0.0 0.6 0.8 0.1 0.9 1.8

32 0.1 0.0 0.0 0.2 0.0 0.0 0.7 0.1 0.2 0.2 2.0 0.9 0.3 0.0 0.1 0.1 0.0 0.2 0.1 1.0 1.1 0.2 0.1 0.3 0.2 3.9 0.4 0.6 0.1 0.4 0.0 1.2 2.4 1.8 0.6 0.1 1.5 0.0 1.4 1.9 0.1 0.2 0.8

33 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 0.4 1.2 0.3 0.0 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 0.4 0.5 1.3 0.6 1.3 1.3 1.2 0.4 1.4 1.3 1.5 1.2 1.4 1.5 1.2 0.2 0.3

34 1.3 0.0 1.1 0.2 0.0 1.1 0.7 1.1 0.9 0.2 2.0 0.2 1.6 0.0 0.1 1.2 1.2 0.2 0.1 0.1 0.1 1.2 1.3 0.9 0.9 0.1 1.3 0.6 1.3 0.6 1.3 1.2 1.2 1.5 1.4 1.1 0.4 0.0 1.6 0.4 0.1 1.9 0.3

35 0.1 1.3 1.1 1.0 0.0 1.1 0.3 0.1 1.3 0.2 0.4 0.9 0.6 0.0 1.4 1.2 1.2 0.2 0.1 1.0 1.1 1.9 2.3 0.9 2.1 1.3 1.4 1.7 1.4 1.6 1.3 0.0 0.0 0.4 0.4 0.1 0.8 1.2 0.6 1.9 1.0 0.9 0.8

36 0.1 1.3 0.0 0.2 0.0 0.0 0.3 1.3 0.2 0.2 1.5 1.2 1.3 1.1 1.1 1.0 1.2 0.2 0.1 1.2 1.3 1.2 0.1 0.3 0.2 1.2 1.3 0.5 1.3 0.4 1.3 1.3 1.2 0.4 0.4 0.1 0.4 0.0 0.4 0.4 1.2 1.3 1.3

37 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 0.2 0.9 0.8 0.2 1.6 1.1 1.4 0.1 1.2 0.2 1.1 1.0 1.1 0.9 0.1 0.9 0.2 1.3 1.4 0.5 1.3 1.6 1.3 0.0 1.2 1.8 1.5 1.1 0.8 1.2 1.6 0.8 1.0 0.2 1.3

38 0.1 0.0 0.0 0.2 0.0 0.0 0.7 0.1 0.9 0.9 0.4 0.9 0.6 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 1.3 0.5 0.6 0.1 0.6 0.0 0.0 0.0 0.7 0.6 1.1 0.8 0.0 0.6 0.8 0.1 0.2 0.3

39 0.1 1.3 0.0 0.2 1.1 1.1 0.7 1.1 0.9 1.3 0.8 0.9 0.6 1.1 1.4 0.1 1.2 0.2 1.1 1.0 1.1 0.9 0.1 0.9 0.9 0.1 0.4 0.5 0.1 0.4 0.0 1.2 0.0 0.4 0.6 0.1 0.8 0.0 0.4 0.4 1.0 0.2 0.3

40 1.1 0.0 1.1 0.2 0.0 0.0 1.3 1.3 0.2 0.2 0.8 1.2 0.3 1.1 0.1 0.1 1.2 1.4 2.3 0.1 1.3 1.2 1.3 1.5 1.4 1.3 0.5 1.6 1.3 0.6 0.0 1.2 0.0 0.7 0.6 0.1 0.8 1.2 0.6 0.8 1.2 1.3 1.3

41 1.3 0.0 0.0 1.3 0.0 0.0 0.7 1.1 0.9 0.9 0.8 0.2 0.3 1.1 0.1 0.1 0.0 0.2 0.1 1.2 0.1 0.2 0.1 0.3 2.1 1.2 0.5 0.6 0.1 0.6 1.3 0.0 0.0 0.4 0.4 0.1 0.8 0.0 1.4 0.4 1.0 0.9 0.8

42 1.3 1.3 1.1 1.0 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.9 1.6 0.0 0.1 0.1 1.2 0.9 0.1 0.1 1.1 0.9 1.1 0.9 0.2 0.1 0.5 0.6 0.1 0.6 0.0 0.0 1.2 0.4 0.6 1.1 0.8 0.0 0.6 0.8 0.1 0.2 0.3

43 1.1 1.2 0.0 1.3 1.1 0.0 0.3 0.1 1.3 1.3 0.4 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 0.2 1.3 1.5 1.4 1.2 0.4 0.5 1.3 0.6 0.0 1.3 1.2 1.5 1.4 1.3 0.4 1.2 0.4 0.8 1.2 1.3 1.3

44 1.3 1.3 0.0 1.0 0.0 1.1 0.7 0.1 0.2 0.9 0.4 0.9 0.3 0.0 0.1 0.1 1.2 0.9 1.1 0.1 0.1 0.2 0.1 0.9 0.9 1.3 0.4 0.5 0.1 0.4 1.3 1.2 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.8 0.1 0.2 0.3

45 0.1 0.0 1.2 1.0 1.1 1.1 0.7 1.3 1.3 1.3 0.8 1.2 1.6 1.1 2.6 2.3 2.4 0.9 1.1 1.0 1.1 0.9 1.1 0.9 0.9 2.6 1.3 0.5 0.1 1.6 1.3 0.0 0.0 1.8 0.6 1.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

Z-Score test: Pecentage of ∣Z∣ score >3.29
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Sets A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

Z-Score test: Pecentage of ∣Z∣ score >3.29

46 0.1 0.0 1.1 1.0 1.1 1.1 1.7 0.1 0.9 0.9 2.0 2.0 1.6 1.1 0.1 0.1 1.2 0.2 0.1 0.1 1.1 0.2 0.1 0.9 0.2 1.3 1.4 0.6 0.1 0.6 0.0 1.2 0.0 1.8 1.5 2.3 1.9 0.0 2.6 1.9 1.0 0.2 0.3

47 0.1 1.2 1.1 1.0 1.1 1.1 0.7 1.3 0.9 0.9 0.4 0.9 0.6 1.1 1.1 1.0 0.0 0.2 1.3 1.2 1.3 1.2 1.3 1.5 1.4 0.1 1.3 1.6 0.1 0.4 1.3 1.3 1.2 0.4 0.6 1.1 1.5 1.2 0.4 0.4 0.1 0.2 0.3

48 1.1 1.2 0.0 0.2 1.1 1.1 1.3 1.1 0.2 0.9 0.8 0.2 0.6 1.1 1.1 1.0 0.0 1.4 0.1 1.0 0.1 0.9 1.1 0.9 0.2 1.2 0.5 0.6 0.1 0.4 1.3 1.3 1.2 0.7 0.6 1.1 1.5 1.2 0.6 0.4 1.2 1.3 0.3

49 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 0.1 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 0.7 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

50 0.1 0.0 0.0 0.2 1.1 1.1 0.7 1.1 0.9 0.2 0.4 0.9 0.3 1.1 0.1 0.1 0.0 0.2 1.1 0.1 1.1 0.2 0.1 0.9 0.2 0.1 0.5 0.5 1.4 0.4 1.3 0.0 0.0 0.4 0.4 0.1 0.4 1.2 0.4 0.4 1.0 0.9 0.3

51 1.1 1.2 0.0 1.3 0.0 1.1 1.3 1.3 1.3 0.2 0.4 0.2 1.3 1.1 0.1 1.0 1.2 1.4 0.1 0.1 0.1 0.9 0.1 0.3 0.2 1.2 0.4 0.5 1.4 0.6 0.0 0.0 1.2 0.4 0.4 0.1 0.4 0.0 1.4 1.5 0.1 0.2 0.8

52 0.1 2.5 0.0 1.0 1.1 1.1 0.3 0.1 0.9 0.2 0.8 0.2 1.6 1.1 1.1 1.0 1.2 0.9 2.3 1.2 1.1 0.2 2.3 2.1 2.1 1.3 0.5 0.6 1.4 1.6 0.0 0.0 1.2 0.7 0.6 1.1 0.4 1.2 0.6 0.4 1.2 3.0 2.8

53 0.1 0.0 0.0 0.2 1.1 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 1.1 1.1 1.0 1.2 0.2 0.1 0.1 1.3 0.2 0.1 0.3 1.4 1.2 1.3 0.5 0.1 0.6 0.0 0.0 1.2 0.4 0.6 1.1 0.4 0.0 1.4 1.5 0.1 0.2 1.3

54 0.1 2.5 1.1 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.9 0.3 1.1 0.1 0.1 1.2 0.2 1.1 0.1 1.1 0.9 2.3 2.1 2.1 0.1 1.4 0.6 1.4 0.4 0.0 0.0 0.0 0.7 0.4 1.1 0.4 0.0 0.6 0.4 0.1 0.2 0.3

55 0.1 1.3 1.2 1.0 1.1 0.0 0.3 1.1 1.3 0.9 2.0 0.9 0.6 1.1 0.1 1.2 1.2 0.2 1.1 1.0 0.1 1.9 1.1 2.1 0.9 1.2 0.5 0.6 1.3 0.4 0.0 1.2 1.2 1.5 0.4 0.1 0.8 1.2 0.4 0.4 1.0 0.2 0.3

56 1.3 0.0 1.1 1.0 1.1 0.0 0.7 2.3 0.2 0.2 0.4 0.2 0.3 0.0 0.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 0.1 0.3 0.2 0.1 1.3 0.5 0.1 0.4 0.0 1.3 1.2 0.4 0.4 0.1 0.4 0.0 0.4 0.4 1.2 1.3 1.3

57 1.1 1.2 1.1 0.2 0.0 1.1 1.7 1.1 1.3 0.9 3.1 2.0 0.6 1.1 1.4 1.2 3.5 2.0 3.5 3.2 0.1 0.9 1.1 2.1 0.9 0.1 0.5 0.6 1.3 1.5 1.3 0.0 2.4 0.4 2.5 0.1 1.9 2.4 1.4 0.8 2.1 0.9 2.8

58 0.1 0.0 1.1 1.0 1.1 1.1 0.7 0.1 0.9 0.9 0.4 0.9 0.6 0.0 0.1 0.1 0.0 1.4 0.1 0.1 0.1 0.9 1.1 0.9 0.2 1.2 2.3 1.7 0.1 0.6 0.0 0.0 0.0 0.7 0.6 1.1 0.4 0.0 2.6 1.9 0.1 0.9 0.8

59 0.1 0.0 1.1 0.2 0.0 1.1 0.3 0.1 1.3 0.2 0.4 0.2 0.3 0.0 0.1 1.0 0.0 0.2 1.1 1.0 1.1 0.2 0.1 0.3 0.9 1.3 1.3 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.8 1.2 0.4 0.4 1.0 0.9 0.8

60 0.1 0.0 0.0 0.2 0.0 1.1 0.7 1.3 0.2 0.9 0.8 0.9 0.6 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 0.4 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 0.4 1.2 1.4 0.4 1.2 1.3 1.3

61 1.1 1.2 1.2 0.2 0.0 1.1 0.7 0.1 0.2 0.2 0.4 1.2 0.6 0.0 0.1 1.0 0.0 0.9 1.1 1.0 1.1 0.9 0.1 0.3 0.2 0.1 0.5 0.6 1.4 0.6 0.0 0.0 0.0 0.7 1.5 1.1 0.4 0.0 0.4 0.4 0.1 0.9 0.8

62 0.1 1.2 1.1 0.2 0.0 1.1 0.7 1.3 0.9 0.2 1.5 0.2 0.3 1.1 1.1 1.0 0.0 0.9 0.1 0.1 0.1 1.2 1.3 0.3 0.2 1.3 0.5 0.6 0.1 1.6 1.3 0.0 1.2 0.4 0.6 0.1 0.8 1.2 0.6 0.8 0.1 0.9 0.8

63 1.3 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

64 0.1 0.0 0.0 0.2 1.1 0.0 0.7 0.1 0.2 0.2 0.8 0.2 0.3 0.0 0.1 1.2 1.2 0.9 0.1 1.0 1.1 0.9 0.1 0.3 0.2 0.1 0.4 0.6 0.1 0.6 0.0 0.0 0.0 0.4 0.4 0.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

65 1.3 1.3 1.2 0.2 0.0 1.1 0.7 1.1 0.9 0.9 0.4 0.9 0.3 0.0 1.1 1.0 1.2 1.4 1.3 1.2 1.3 0.9 0.1 0.9 0.9 0.1 0.5 0.6 0.1 1.5 1.3 1.3 1.2 0.7 0.6 1.3 0.4 0.0 0.4 0.4 1.0 1.3 0.8

66 0.1 0.0 0.0 0.2 0.0 0.0 0.7 0.1 0.2 0.2 0.8 0.9 0.6 1.1 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.5 0.6 1.4 0.6 1.3 0.0 0.0 0.7 0.6 0.1 0.4 1.2 0.6 0.4 0.1 0.2 0.3

67 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 0.8 1.2 1.6 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 0.9 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.6 1.3 1.3 1.2 1.8 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

68 1.3 1.3 1.1 1.0 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.9 0.6 1.1 1.4 1.2 1.2 0.9 1.1 1.0 1.1 0.9 1.1 0.9 0.9 1.3 0.5 0.6 1.4 0.6 1.3 1.2 1.2 0.7 0.6 1.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

69 1.1 1.2 0.0 1.3 1.1 1.1 0.3 1.3 0.2 0.9 0.4 1.2 0.6 0.0 1.1 1.0 1.2 0.2 1.1 1.2 0.1 1.2 0.1 0.9 0.9 1.2 1.3 1.6 1.3 0.4 0.0 1.2 1.2 0.4 0.6 1.1 1.5 1.2 1.4 1.5 1.2 0.9 0.8

70 1.1 1.2 0.0 0.2 0.0 0.0 0.3 1.3 1.3 0.9 0.4 1.2 0.3 1.1 1.1 0.1 1.2 1.4 1.3 0.1 1.1 1.2 1.3 0.3 0.9 1.2 0.5 0.6 1.3 0.6 0.0 0.0 1.2 0.4 1.4 0.1 0.8 1.2 0.4 1.5 1.2 1.3 1.3

71 0.1 0.0 1.1 1.0 1.1 1.1 0.3 0.1 0.2 0.9 0.4 0.2 1.3 0.0 0.1 1.2 1.2 0.9 2.3 1.0 1.1 0.2 1.1 0.3 0.2 1.2 1.4 1.7 0.1 0.4 1.3 0.0 1.2 0.7 1.5 0.1 1.9 1.2 0.6 1.9 0.1 0.9 1.8

72 2.6 2.5 1.1 1.0 1.1 1.1 0.7 2.3 2.1 0.9 2.0 2.0 2.6 2.2 3.8 3.4 0.0 3.2 1.1 3.2 3.5 2.9 2.3 2.1 3.2 2.6 0.5 0.6 0.1 2.7 2.5 1.3 1.2 1.5 0.4 1.1 0.8 1.2 2.6 1.9 1.0 0.9 2.8

73 1.3 1.3 1.1 1.0 1.1 1.1 0.7 1.1 0.9 2.1 2.0 2.0 1.6 1.1 1.4 1.2 1.2 0.2 0.1 0.1 0.1 0.2 1.1 0.9 0.9 1.3 1.4 1.7 1.4 0.6 1.3 1.2 1.2 0.7 0.6 1.1 1.9 1.2 2.6 3.0 1.0 0.9 0.8

74 0.1 1.3 0.0 0.2 0.0 1.1 1.3 0.1 1.3 0.2 0.4 1.2 1.3 0.0 1.1 1.0 1.2 0.2 0.1 1.0 0.1 0.2 1.3 0.3 0.2 1.2 1.3 0.5 1.4 0.6 1.3 0.0 0.0 0.4 0.4 0.1 1.5 0.0 1.4 0.8 1.0 0.2 0.3

75 1.1 1.2 0.0 0.2 0.0 0.0 0.3 1.3 0.2 0.2 0.8 0.2 0.6 0.0 0.1 1.0 0.0 1.4 0.1 1.2 0.1 1.2 0.1 0.9 0.2 0.1 0.5 0.6 1.4 0.6 0.0 0.0 0.0 0.4 0.6 0.1 0.8 1.2 0.4 0.4 1.2 0.2 1.3

76 0.1 1.2 0.0 1.3 1.1 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

77 0.1 1.2 0.0 0.2 0.0 1.1 0.7 0.1 0.9 0.2 0.8 0.9 0.6 1.1 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

78 0.1 0.0 1.1 1.0 1.1 1.1 0.7 0.1 0.9 0.9 0.4 0.9 0.3 1.1 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.9 1.1 0.9 0.2 0.1 0.5 0.5 1.4 0.6 0.0 0.0 0.0 0.7 0.6 1.1 0.8 0.0 1.6 0.8 0.1 0.2 0.3

79 0.1 0.0 1.2 1.0 0.0 0.0 1.3 0.1 0.2 0.2 1.5 1.2 0.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 0.2 0.1 0.5 0.6 1.3 0.6 1.3 1.3 1.2 0.4 0.6 0.1 0.8 0.0 2.6 0.4 1.2 1.3 1.3

80 0.1 0.0 0.0 1.0 1.1 0.0 0.3 1.3 0.2 0.2 0.8 0.2 0.3 2.2 1.1 0.1 0.0 0.2 1.1 1.2 1.1 1.2 0.1 0.3 1.4 0.1 0.4 0.6 0.1 0.6 0.0 0.0 0.0 0.4 0.4 1.3 0.4 0.0 0.4 0.4 0.1 0.9 0.8

81 0.1 1.2 1.2 0.2 0.0 0.0 0.7 0.1 0.2 0.9 0.8 0.9 0.6 1.1 0.1 0.1 0.0 0.9 1.1 1.0 1.1 0.9 0.1 0.3 0.2 1.3 0.4 0.6 1.4 0.6 1.3 0.0 1.2 1.8 1.5 2.3 0.8 0.0 0.6 0.4 0.1 0.2 0.3

82 0.1 0.0 0.0 1.3 1.1 1.1 1.3 1.3 0.9 0.9 0.4 0.2 1.3 1.1 0.1 1.2 1.2 2.0 1.1 1.0 1.1 0.2 0.1 0.9 1.4 1.2 0.4 0.6 1.3 0.4 0.0 0.0 0.0 0.4 0.6 0.1 0.4 1.2 0.4 0.8 1.2 0.2 0.8

83 0.1 0.0 2.2 2.2 2.2 3.4 1.7 0.1 2.1 2.1 2.0 2.0 1.6 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 1.1 0.9 0.9 0.1 2.3 2.8 1.3 1.6 0.0 2.5 0.0 0.4 1.5 0.1 0.8 0.0 0.6 0.8 1.0 0.9 0.8

84 1.3 1.3 1.1 1.0 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.9 0.6 1.1 1.4 1.2 0.0 2.0 0.1 1.0 0.1 1.9 1.1 0.9 0.9 1.3 1.4 1.7 1.4 1.6 1.3 2.5 2.4 0.4 1.5 1.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

85 1.3 1.3 1.2 0.2 1.1 1.1 1.3 1.1 0.9 1.3 1.5 0.2 1.3 1.1 0.1 0.1 1.2 1.4 0.1 0.1 0.1 0.2 0.1 0.9 0.2 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 1.5 2.5 1.3 1.5 0.0 1.4 0.4 1.2 1.3 0.3

86 1.1 1.2 0.0 0.2 1.1 1.1 0.7 2.3 0.9 0.9 0.8 0.9 1.6 0.0 1.4 1.2 1.2 2.0 2.3 3.2 2.3 2.9 2.3 0.9 2.1 1.3 0.5 0.6 0.1 0.6 1.3 1.2 1.2 0.7 0.4 1.1 0.4 1.2 0.6 0.4 0.1 0.2 0.3

87 1.1 0.0 1.1 0.2 2.2 0.0 0.3 0.1 0.9 0.2 0.4 0.2 0.3 0.0 0.1 0.1 1.2 0.2 1.1 1.0 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 1.2 0.4 0.4 1.0 0.2 0.3

88 1.3 2.5 1.1 2.2 1.1 1.1 1.7 1.1 2.1 0.9 2.0 0.9 1.6 1.1 1.4 0.1 1.2 0.9 1.1 2.1 1.1 0.9 0.1 0.9 2.1 1.3 0.4 0.6 2.8 0.6 1.3 2.5 2.4 0.7 1.5 1.1 0.8 2.4 0.6 0.4 1.0 1.9 0.8

89 0.1 0.0 1.2 0.2 0.0 0.0 0.3 1.3 1.3 0.2 0.8 0.9 0.6 0.0 1.4 1.2 1.2 0.2 0.1 0.1 0.1 1.9 0.1 0.3 0.2 0.1 2.3 0.6 1.4 0.6 0.0 1.2 1.2 1.8 2.5 2.3 1.9 0.0 0.6 0.8 1.0 0.9 0.3

90 1.1 1.2 1.2 1.3 1.1 1.1 2.7 1.3 0.9 1.3 0.8 0.9 0.3 1.1 1.1 1.0 1.2 3.2 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 2.3 1.7 1.3 1.5 1.3 1.3 1.2 0.7 2.5 1.3 1.5 1.2 2.6 1.5 1.2 1.3 1.3

259 



Sets A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

Z-Score test: Pecentage of ∣Z∣ score >3.29

91 1.3 1.3 1.1 1.0 1.1 1.1 1.7 0.1 0.9 0.9 0.4 0.9 0.6 0.0 0.1 0.1 1.2 1.4 1.3 1.2 1.3 0.2 0.1 0.3 0.2 0.1 2.3 0.5 0.1 0.4 0.0 0.0 1.2 1.5 1.4 1.3 1.9 0.0 2.6 3.0 0.1 0.9 0.3

92 2.6 1.3 1.1 2.2 2.2 1.1 0.7 0.1 2.1 2.1 0.8 0.9 0.6 0.0 0.1 0.1 1.2 0.2 0.1 0.1 0.1 0.2 1.1 0.9 0.9 1.3 0.5 0.6 1.4 0.4 0.0 0.0 1.2 0.4 1.5 1.1 0.4 0.0 1.6 0.8 0.1 0.2 0.3

93 0.1 0.0 1.2 1.0 1.1 0.0 2.7 1.3 3.2 2.1 0.4 0.2 2.6 3.3 1.4 0.1 1.2 0.9 1.1 2.1 3.5 2.9 2.3 2.1 0.9 1.3 1.4 0.6 1.4 0.6 1.3 1.2 1.2 0.7 0.6 1.1 0.8 0.0 0.6 0.8 2.1 1.9 0.8

94 1.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.9 0.9 0.4 0.9 0.6 0.0 0.1 0.1 1.2 0.2 2.3 1.0 1.1 0.2 1.1 2.1 0.9 0.1 0.4 0.5 0.1 0.4 0.0 0.0 1.2 0.7 0.4 1.1 0.8 0.0 0.4 0.4 0.1 0.2 0.8

95 1.1 0.0 1.1 0.2 0.0 1.1 0.3 0.1 1.3 0.9 1.5 0.2 0.3 0.0 0.1 1.0 0.0 0.2 1.1 0.1 1.1 0.9 0.1 0.9 0.9 0.1 1.3 0.5 0.1 0.4 0.0 1.3 0.0 0.7 0.6 1.1 0.4 0.0 0.4 0.8 0.1 1.3 0.3

96 1.3 1.3 0.0 0.2 0.0 1.1 0.3 0.1 0.2 0.2 1.5 0.2 1.3 1.1 1.4 0.1 1.2 1.4 0.1 0.1 1.3 1.2 0.1 0.3 1.4 1.2 1.3 1.6 0.1 0.6 0.0 0.0 0.0 1.5 1.4 1.3 1.5 1.2 0.4 0.4 0.1 0.9 0.8

97 0.1 0.0 1.1 0.2 0.0 0.0 0.3 0.1 0.2 0.9 1.5 0.2 0.3 1.1 1.1 0.1 1.2 0.2 0.1 1.2 0.1 0.2 0.1 0.3 0.2 0.1 0.5 0.5 0.1 0.4 0.0 1.3 0.0 0.4 0.4 0.1 0.4 1.2 0.6 0.8 0.1 0.2 0.3

98 1.3 0.0 0.0 0.2 0.0 0.0 0.3 1.1 0.2 0.2 0.4 0.2 0.3 1.1 0.1 1.0 0.0 1.4 0.1 0.1 0.1 1.2 0.1 0.3 1.4 0.1 0.4 0.5 0.1 1.5 1.3 0.0 0.0 0.4 1.4 1.3 0.4 1.2 0.4 1.5 1.0 0.2 0.3

99 1.3 1.3 1.2 0.2 0.0 0.0 0.7 1.1 0.9 0.9 0.4 0.9 0.6 1.1 1.1 0.1 1.2 1.4 1.3 1.2 1.3 1.2 0.1 0.3 0.9 0.1 0.5 0.6 1.3 0.6 0.0 0.0 1.2 0.7 1.5 0.1 0.8 0.0 0.6 1.5 0.1 0.2 0.8

100 1.3 1.3 0.0 0.2 1.1 1.1 0.3 1.3 0.2 0.2 0.4 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 0.1 0.3 0.2 0.1 0.4 0.5 1.3 0.4 1.3 1.3 1.2 1.5 1.4 1.3 0.4 1.2 0.4 0.4 1.2 0.2 0.3

101 1.3 0.0 1.2 1.3 0.0 0.0 0.3 0.1 1.3 1.3 0.4 0.2 1.3 1.1 0.1 1.0 1.2 1.4 0.1 0.1 0.1 0.2 1.3 0.3 0.2 1.3 0.4 0.5 1.3 0.4 0.0 0.0 1.2 0.4 1.4 1.3 0.4 1.2 1.4 0.4 0.1 0.2 0.3

102 1.3 1.3 1.1 1.0 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.9 0.6 1.1 1.4 3.4 3.5 0.9 1.1 1.0 1.1 0.2 0.1 0.3 0.9 1.3 0.5 0.6 1.3 0.4 1.3 0.0 1.2 0.4 0.6 0.1 0.4 1.2 0.6 0.8 1.0 0.9 0.8

103 0.1 0.0 2.2 1.3 1.1 1.1 1.3 1.3 0.9 0.9 2.0 0.2 1.3 1.1 2.6 2.3 2.4 0.9 1.1 1.2 0.1 1.9 2.3 2.1 2.1 1.2 0.4 0.5 1.3 1.5 0.0 0.0 1.2 1.5 1.4 0.1 0.8 1.2 0.6 1.9 2.1 1.9 1.3

104 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 1.1 1.0 1.2 1.4 1.3 1.2 0.1 0.9 0.1 0.9 1.4 0.1 0.5 0.6 0.1 1.6 1.3 1.2 0.0 0.4 0.6 1.1 0.8 0.0 0.6 0.8 0.1 0.2 0.8

105 0.1 0.0 1.1 0.2 0.0 1.1 0.3 1.1 0.2 1.3 0.8 0.9 0.6 1.1 1.1 0.1 1.2 0.2 0.1 0.1 0.1 0.9 2.3 0.9 0.9 0.1 0.4 0.6 0.1 0.6 0.0 1.3 1.2 0.7 0.6 1.1 0.8 1.2 0.6 0.8 1.2 0.2 0.3

106 0.1 0.0 2.2 1.0 1.1 0.0 0.7 0.1 0.9 0.9 0.4 0.2 1.3 0.0 0.1 0.1 0.0 0.2 1.3 0.1 0.1 1.2 0.1 0.9 0.2 0.1 1.4 0.5 0.1 1.6 0.0 0.0 0.0 0.7 0.6 0.1 0.4 1.2 0.4 0.4 0.1 1.3 0.3

107 1.3 1.3 0.0 0.2 0.0 0.0 0.3 0.1 0.9 0.9 0.4 0.9 0.3 0.0 0.1 1.2 0.0 0.9 1.1 1.0 1.1 0.2 1.1 0.9 0.9 0.1 0.5 0.6 0.1 0.6 1.3 1.2 0.0 0.7 0.6 1.1 0.4 0.0 0.4 0.8 1.0 0.9 0.8

108 0.1 0.0 0.0 0.2 0.0 0.0 0.7 1.1 0.9 0.9 0.8 0.9 0.6 0.0 0.1 0.1 0.0 0.9 1.1 0.1 0.1 0.2 1.1 0.9 0.9 1.3 0.5 0.6 0.1 0.4 0.0 0.0 0.0 0.7 0.6 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

109 1.3 1.3 2.2 3.3 2.2 2.3 2.7 1.1 2.1 2.1 2.0 3.1 0.6 1.1 0.1 0.1 1.2 0.9 1.3 1.2 1.1 0.2 1.1 0.3 0.2 0.1 1.4 1.7 0.1 0.4 1.3 1.3 0.0 1.8 1.5 1.1 0.8 0.0 0.6 0.8 0.1 1.3 1.3

110 1.1 0.0 1.2 0.2 0.0 0.0 0.3 0.1 0.2 0.9 0.4 0.2 0.6 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 1.3 1.4 0.6 0.1 0.6 0.0 0.0 0.0 0.7 0.6 0.1 0.8 0.0 0.6 1.9 1.0 0.2 0.3

111 1.1 0.0 1.2 0.2 1.1 1.1 1.3 1.3 0.2 0.2 1.5 0.9 0.3 0.0 1.1 1.0 0.0 0.9 1.3 1.2 1.3 1.2 1.1 0.9 2.1 1.3 0.4 0.5 1.4 1.5 1.3 1.3 1.2 0.4 0.4 1.3 1.5 1.2 0.6 0.4 1.2 1.3 1.3

112 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.9 0.9 0.8 0.2 0.6 0.0 1.1 1.0 1.2 0.9 1.1 1.2 1.3 1.2 1.1 0.9 0.2 1.2 0.5 0.6 1.4 0.4 1.3 1.3 1.2 0.4 0.4 0.1 1.5 1.2 0.6 0.8 1.2 1.3 1.3

113 1.3 1.2 1.2 1.0 1.1 0.0 1.7 1.1 0.9 2.1 0.8 0.2 1.6 1.1 0.1 1.0 0.0 0.2 1.3 1.2 1.3 0.9 1.1 0.9 0.9 1.2 1.4 1.7 1.4 0.6 1.3 1.2 1.2 0.7 1.5 0.1 1.9 1.2 0.6 0.8 0.1 0.2 0.3

114 1.3 0.0 1.1 1.0 2.2 1.1 1.7 2.3 2.1 2.1 2.0 2.0 2.6 1.1 0.1 1.2 2.4 0.2 0.1 1.0 1.1 0.2 0.1 0.9 0.9 0.1 1.4 0.6 1.4 1.6 1.3 2.5 0.0 1.8 2.5 1.1 1.9 1.2 2.6 1.9 1.0 0.9 1.8

115 1.3 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.9 0.8 0.2 0.3 0.0 1.4 1.2 1.2 0.9 1.1 0.1 0.1 0.9 1.1 0.9 0.9 0.1 0.4 0.5 0.1 0.6 0.0 0.0 0.0 0.4 0.4 0.1 0.4 1.2 0.6 0.8 1.0 0.9 0.8

116 0.1 0.0 0.0 1.0 0.0 0.0 0.3 0.1 0.9 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 2.3 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.6 0.4 0.1 0.2 0.8

117 0.1 0.0 0.0 0.2 1.1 1.1 0.7 0.1 0.9 0.9 0.8 0.9 0.6 0.0 0.1 0.1 0.0 0.2 0.1 1.0 1.1 0.2 0.1 1.5 1.4 1.2 1.4 1.7 1.3 2.7 1.3 0.0 0.0 0.4 0.4 1.3 0.8 0.0 0.4 0.8 0.1 0.2 0.3

118 0.1 0.0 1.1 1.3 1.1 0.0 0.7 1.3 1.3 0.2 0.4 1.2 1.3 0.0 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.1 0.9 0.9 1.3 1.4 0.5 1.3 1.5 1.3 1.3 1.2 1.8 0.4 1.1 0.8 1.2 0.6 0.8 0.1 1.3 0.3

119 1.3 1.3 2.2 1.0 2.2 1.1 1.7 1.1 0.9 0.9 0.8 0.2 0.3 1.1 0.1 0.1 1.2 0.9 0.1 1.2 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.6 0.0 0.0 0.0 0.7 0.6 1.1 0.8 1.2 0.4 0.8 0.1 1.3 0.3

120 0.1 0.0 1.2 1.3 1.1 1.1 0.7 1.1 1.3 1.3 1.5 0.2 0.6 0.0 1.1 1.0 1.2 1.4 1.3 1.2 0.1 1.2 0.1 0.9 0.9 1.2 0.5 0.5 0.1 0.6 1.3 1.3 1.2 1.5 0.6 1.3 0.8 1.2 0.6 1.5 1.0 1.3 1.3

121 3.8 3.7 3.4 3.3 3.3 3.4 2.7 2.3 2.1 2.1 2.0 2.0 1.6 2.2 2.6 2.3 2.4 2.0 2.3 2.1 2.3 1.9 2.3 2.1 2.1 3.9 2.3 2.8 2.8 1.6 2.5 2.5 2.4 1.8 1.5 2.3 1.9 2.4 1.6 1.9 2.1 1.9 1.8

122 2.6 2.5 1.1 1.0 1.1 0.0 0.3 1.1 0.2 0.2 0.4 0.2 0.3 0.0 1.4 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.6 1.3 0.0 0.0 0.7 0.6 0.1 0.8 0.0 0.4 0.8 1.0 0.9 0.8

123 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 0.2 0.2 0.4 1.2 0.3 0.0 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.6 1.3 1.3 0.0 0.4 0.4 0.1 1.5 1.2 1.4 1.5 1.2 1.3 1.3

124 0.1 1.3 2.2 1.0 1.1 2.3 1.7 1.1 2.1 2.1 2.0 2.0 1.6 2.2 1.4 1.2 1.2 2.0 0.1 1.0 1.1 0.9 1.1 0.9 0.9 1.3 0.5 0.6 1.4 1.6 1.3 1.2 1.2 1.8 1.5 2.3 0.8 1.2 1.6 0.8 1.0 0.9 0.8

125 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 0.1 0.1 1.2 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 1.3 0.0 0.4 1.4 0.1 0.4 1.2 1.4 0.4 1.2 1.3 1.3

126 0.1 0.0 1.1 1.0 1.1 1.1 0.7 0.1 0.2 0.2 0.8 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.5 0.6 2.8 1.6 2.5 2.5 2.4 1.8 1.5 2.3 0.8 2.4 1.6 1.9 2.1 1.9 1.8

127 0.1 1.2 0.0 1.3 1.1 0.0 0.7 0.1 1.3 1.3 0.8 0.2 1.3 0.0 0.1 1.0 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 1.4 1.3 0.4 0.5 1.3 0.6 0.0 0.0 1.2 0.7 0.6 0.1 0.4 0.0 0.6 0.8 0.1 0.9 1.3

128 1.3 1.3 0.0 0.2 0.0 1.1 0.7 0.1 0.2 0.9 1.5 1.2 0.3 1.1 1.1 1.0 1.2 0.2 1.3 1.2 0.1 0.2 1.3 0.3 1.4 1.2 0.4 0.5 0.1 0.4 1.3 1.3 1.2 1.5 0.4 0.1 0.4 1.2 0.6 0.4 1.2 0.9 1.3

129 2.6 2.5 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 2.0 0.2 1.6 0.0 0.1 1.0 1.2 1.4 1.3 1.2 0.1 0.2 0.1 0.3 0.2 0.1 1.4 1.7 0.1 1.6 0.0 0.0 0.0 0.4 0.6 1.3 1.9 1.2 1.6 1.9 0.1 0.2 0.8

130 1.1 0.0 1.2 1.3 1.1 1.1 0.3 1.3 0.2 0.2 0.4 0.2 0.3 1.1 1.1 1.0 1.2 0.2 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 0.4 0.0 1.3 1.2 0.4 0.4 1.3 1.5 1.2 0.4 0.4 1.2 0.2 1.3

131 1.1 0.0 0.0 0.2 0.0 0.0 0.3 1.3 0.2 0.9 0.4 0.9 0.6 1.1 1.1 1.0 1.2 0.2 0.1 0.1 0.1 0.2 1.3 0.3 0.2 0.1 0.5 0.6 1.3 0.6 0.0 1.3 1.2 0.4 0.6 0.1 1.9 1.2 0.6 1.9 0.1 1.3 1.3

132 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 0.9 0.2 0.8 1.2 1.3 1.1 0.1 1.0 0.0 1.4 1.3 1.0 1.1 0.2 1.1 0.9 0.2 0.1 0.5 0.6 1.4 2.7 2.5 1.3 1.2 1.8 0.6 1.1 0.8 0.0 0.4 0.4 0.1 0.2 0.8

133 0.1 0.0 0.0 0.2 1.1 1.1 0.3 1.1 0.9 0.9 0.4 0.9 0.6 1.1 0.1 0.1 0.0 0.2 0.1 1.0 1.1 0.9 0.1 0.9 0.9 1.3 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.8 0.0 0.4 0.4 0.1 0.2 0.3

134 2.6 2.5 2.2 2.2 2.2 2.3 1.7 2.3 2.1 2.1 2.0 2.0 1.6 2.2 2.6 2.3 2.4 2.0 2.3 1.0 1.1 0.9 1.1 0.9 0.9 1.3 1.4 1.7 1.4 1.6 2.5 2.5 1.2 0.7 1.5 2.3 1.9 2.4 1.6 1.9 2.1 1.9 1.8

135 1.1 0.0 1.2 1.3 1.1 1.1 0.3 0.1 1.3 1.3 0.4 1.2 0.3 1.1 0.1 1.0 1.2 1.4 1.3 1.2 1.3 0.9 1.1 0.9 0.2 1.2 0.5 0.6 0.1 0.4 0.0 1.3 0.0 0.7 0.4 1.3 0.4 1.2 0.6 0.8 2.1 1.9 1.8

260 



Sets A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

Z-Score test: Pecentage of ∣Z∣ score >3.29

136 1.3 1.3 0.0 1.0 0.0 1.1 0.3 0.1 0.2 0.9 0.8 0.9 0.6 1.1 0.1 1.0 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.9 0.1 0.5 0.6 0.1 0.6 0.0 0.0 0.0 0.7 0.6 1.1 0.8 0.0 0.6 0.4 0.1 0.2 0.3

137 1.1 0.0 1.2 0.2 0.0 0.0 1.3 1.1 0.2 0.2 1.5 0.2 0.3 1.1 1.1 1.0 1.2 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 1.3 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

138 0.1 0.0 0.0 0.2 0.0 0.0 0.7 1.3 0.9 0.2 0.8 0.2 0.6 0.0 0.1 0.1 0.0 0.2 0.1 1.2 0.1 1.2 0.1 0.3 0.2 0.1 0.4 0.6 0.1 0.6 0.0 1.3 0.0 0.4 0.6 0.1 0.4 0.0 0.4 0.8 0.1 0.9 0.8

139 0.1 0.0 1.1 1.3 2.2 2.3 0.7 1.3 2.1 2.1 0.8 1.2 2.6 1.1 0.1 1.2 1.2 0.9 0.1 0.1 0.1 0.2 0.1 0.3 0.2 1.3 2.3 0.6 1.3 0.4 1.3 1.2 0.0 0.7 2.5 1.1 1.9 1.2 0.4 0.8 1.0 0.9 0.3

140 1.3 1.3 1.1 1.0 1.1 1.1 0.7 1.1 0.2 0.9 0.8 0.9 0.6 1.1 1.4 0.1 0.0 0.9 1.1 1.0 1.1 0.9 1.1 0.9 0.9 1.3 0.5 0.6 1.4 0.6 1.3 1.2 1.2 0.7 0.6 1.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

141 0.1 0.0 1.1 1.0 1.1 0.0 0.3 0.1 0.2 0.9 2.0 0.9 0.3 0.0 1.4 1.2 0.0 0.2 1.1 1.0 0.1 0.2 0.1 0.3 0.2 1.2 1.3 0.5 1.4 1.6 1.3 0.0 0.0 0.4 0.6 1.1 0.8 0.0 0.4 0.4 0.1 0.9 0.8

142 1.1 0.0 0.0 1.3 1.1 0.0 0.3 0.1 1.3 0.2 0.8 1.2 0.3 0.0 1.1 1.0 0.0 0.2 0.1 1.2 1.3 0.2 0.1 0.3 0.2 0.1 0.5 0.5 0.1 0.6 0.0 0.0 0.0 0.4 0.4 0.1 0.8 0.0 0.6 0.4 0.1 0.2 0.3

143 1.1 0.0 1.2 0.2 0.0 1.1 0.7 0.1 0.2 0.2 0.4 0.9 0.6 1.1 1.1 0.1 0.0 1.4 0.1 0.1 0.1 1.2 0.1 0.9 2.1 1.3 0.5 1.7 1.3 0.6 0.0 0.0 1.2 0.4 0.6 1.3 0.8 1.2 0.6 0.8 0.1 1.3 0.3

144 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 1.3 0.2 0.8 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 1.3 0.0 1.5 0.4 1.3 0.4 0.0 0.4 0.4 0.1 0.2 0.3

145 1.1 0.0 0.0 0.2 0.0 1.1 0.7 1.3 0.2 0.2 1.5 0.2 1.3 1.1 0.1 0.1 1.2 1.4 0.1 0.1 0.1 1.2 0.1 0.3 0.2 1.3 0.4 0.5 1.4 0.4 1.3 0.0 0.0 0.4 1.4 1.1 1.5 1.2 1.4 0.4 1.2 0.2 0.3

146 0.1 0.0 1.1 1.0 0.0 0.0 0.3 1.1 0.9 0.2 2.0 0.2 1.3 2.2 0.1 0.1 1.2 2.0 1.1 0.1 1.1 1.2 0.1 0.9 0.9 0.1 0.5 0.6 0.1 0.4 0.0 1.2 1.2 0.4 0.6 0.1 0.4 0.0 0.6 0.4 1.0 0.9 0.3

147 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 0.4 0.2 1.3 0.0 1.1 0.1 0.0 0.2 0.1 1.2 1.3 1.2 1.1 0.9 0.9 0.1 1.3 0.5 0.1 1.5 0.0 0.0 1.2 0.7 1.5 1.1 0.4 1.2 2.6 0.4 1.2 0.2 0.3

148 1.3 1.3 0.0 1.0 1.1 1.1 1.7 0.1 2.1 2.1 2.0 2.0 2.6 2.2 1.4 0.1 0.0 0.2 0.1 0.1 1.1 0.2 0.1 0.3 0.9 0.1 2.3 1.7 1.4 2.7 1.3 1.2 0.0 2.8 2.5 1.1 1.9 0.0 1.6 1.9 0.1 1.9 1.8

149 0.1 0.0 1.2 0.2 0.0 1.1 1.7 0.1 0.2 0.9 0.8 1.2 1.6 0.0 0.1 0.1 1.2 0.2 1.3 0.1 0.1 0.2 0.1 0.3 1.4 0.1 0.4 0.5 0.1 0.4 0.0 1.3 1.2 0.4 0.4 0.1 1.5 0.0 0.4 1.9 1.2 0.2 0.3

150 0.1 1.2 0.0 0.2 0.0 0.0 0.3 1.3 0.9 0.2 0.4 0.2 0.3 1.1 0.1 1.0 1.2 0.2 0.1 1.2 1.3 0.2 1.3 0.3 0.2 0.1 0.4 0.5 1.3 0.6 0.0 0.0 1.2 0.4 0.4 0.1 0.4 1.2 0.4 0.4 1.2 1.3 0.3

151 1.1 1.2 0.0 0.2 1.1 0.0 1.3 0.1 0.2 1.3 0.4 0.2 0.3 1.1 1.1 0.1 0.0 1.4 0.1 1.2 0.1 0.2 1.3 0.9 0.2 0.1 0.4 0.6 0.1 0.4 1.3 1.2 0.0 0.7 0.4 0.1 0.4 1.2 0.4 0.4 0.1 1.3 1.3

152 1.3 1.3 0.0 0.2 1.1 1.1 0.7 0.1 0.9 0.2 0.4 0.2 0.3 0.0 1.4 0.1 1.2 0.9 0.1 1.0 1.1 0.2 1.1 0.3 0.9 0.1 0.5 0.5 1.4 0.6 1.3 1.2 0.0 0.7 0.6 0.1 0.4 0.0 0.4 0.8 0.1 0.9 0.3

153 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 1.4 0.6 0.1 1.6 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.6 0.8 0.1 0.2 0.3

154 1.1 0.0 1.2 1.3 1.1 1.1 1.3 1.3 0.2 1.3 1.5 0.2 1.3 1.1 1.1 1.0 1.2 1.4 0.1 1.2 1.3 1.2 0.1 1.5 1.4 1.2 0.4 0.5 1.3 0.4 1.3 0.0 1.2 0.4 0.4 0.1 1.5 1.2 1.4 0.4 1.2 1.3 1.3

155 0.1 1.3 0.0 0.2 0.0 0.0 0.3 0.1 0.2 1.3 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 1.1 0.3 0.9 0.1 0.4 0.5 1.4 0.4 1.3 0.0 0.0 0.4 0.4 0.1 0.8 0.0 0.4 0.4 1.0 0.2 0.3

156 0.1 0.0 1.1 0.2 0.0 1.1 0.3 1.1 0.2 0.9 0.4 0.2 0.3 0.0 1.4 0.1 1.2 0.9 1.1 2.1 1.1 0.9 1.1 0.9 2.1 0.1 0.5 0.6 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

157 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 0.2 0.2 0.4 0.2 0.3 0.0 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 0.1 0.3 0.2 0.1 0.4 0.5 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

158 0.1 0.0 1.1 1.0 0.0 0.0 0.7 0.1 0.2 0.9 0.4 0.2 0.6 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 1.3 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.6 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

159 1.3 1.3 2.2 2.2 2.2 2.3 2.7 0.1 2.1 3.2 0.8 3.1 2.6 1.1 0.1 0.1 1.2 0.9 0.1 0.1 0.1 0.9 0.1 0.9 0.9 0.1 0.4 1.7 1.4 1.6 1.3 1.2 0.0 1.8 2.5 1.1 1.9 1.2 2.6 3.0 0.1 0.9 0.3

160 1.1 0.0 0.0 1.0 0.0 1.1 0.7 0.1 0.9 0.2 2.0 2.0 1.3 1.1 0.1 0.1 1.2 0.9 1.1 1.2 1.1 0.9 1.3 0.9 0.2 0.1 0.5 1.7 0.1 2.7 2.5 1.2 2.4 1.8 1.4 1.1 1.5 1.2 0.6 1.5 1.2 3.0 2.8

161 0.1 0.0 0.0 0.2 0.0 0.0 0.7 0.1 0.9 0.2 0.4 0.9 0.3 1.1 0.1 1.0 0.0 0.9 0.1 1.0 0.1 0.9 1.1 0.9 0.9 1.3 0.5 0.6 1.4 0.6 1.3 0.0 0.0 0.7 0.6 1.1 0.8 0.0 0.6 0.4 0.1 0.9 0.8

162 1.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.9 0.2 0.4 0.2 0.3 1.1 0.1 0.1 0.0 0.9 1.1 1.0 0.1 0.9 1.1 0.9 0.9 1.3 0.4 0.5 0.1 0.6 0.0 0.0 0.0 0.4 0.6 1.1 0.4 1.2 1.4 0.4 0.1 1.3 1.3

163 0.1 0.0 0.0 0.2 0.0 0.0 0.3 1.1 0.9 0.9 0.8 0.9 1.6 0.0 0.1 1.2 0.0 0.9 0.1 0.1 0.1 0.9 0.1 0.9 0.9 0.1 1.4 1.7 1.4 0.6 0.0 0.0 0.0 0.7 1.5 1.1 0.8 0.0 0.6 0.4 0.1 0.9 0.8

164 0.1 1.3 0.0 0.2 1.1 1.1 0.7 0.1 0.2 0.2 0.8 0.2 0.6 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 0.1 0.9 0.9 0.1 0.4 0.5 0.1 0.6 0.0 1.3 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

165 1.3 0.0 1.1 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 1.1 0.1 0.1 1.2 0.2 0.1 0.1 1.1 0.2 0.1 0.9 0.2 1.3 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.7 0.6 1.1 0.4 0.0 0.4 1.5 0.1 0.2 0.3

166 1.3 1.3 1.1 1.0 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.9 0.6 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 1.1 0.9 2.1 0.1 2.3 0.5 0.1 0.6 0.0 0.0 1.2 0.4 0.4 0.1 0.4 0.0 0.6 0.4 1.0 0.2 0.8

167 1.3 1.3 0.0 1.0 0.0 0.0 0.3 0.1 0.9 0.2 0.4 0.2 0.3 0.0 0.1 1.2 1.2 1.4 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.5 0.6 0.1 0.4 0.0 1.2 0.0 0.4 0.4 0.1 0.4 0.0 0.6 0.4 0.1 0.9 0.8

168 0.1 0.0 1.1 1.0 0.0 0.0 0.7 0.1 0.2 0.9 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 1.1 1.0 1.1 0.9 0.1 0.3 0.2 0.1 0.4 0.5 1.3 0.4 1.3 1.3 1.2 0.4 0.4 0.1 0.4 0.0 0.4 0.8 1.2 1.3 0.3

169 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.9 0.4 0.2 0.3 0.0 0.1 1.2 0.0 0.2 1.3 0.1 0.1 0.2 0.1 0.3 0.9 0.1 0.5 0.6 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 1.2 0.6 0.8 0.1 0.9 0.8

170 0.1 0.0 0.0 0.2 0.0 0.0 0.3 1.1 0.2 0.2 0.8 0.2 0.3 1.1 0.1 3.4 0.0 0.9 0.1 0.1 0.1 1.9 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

171 0.1 0.0 1.1 1.0 1.1 1.1 0.7 1.1 2.1 0.9 0.4 0.9 0.3 0.0 0.1 0.1 0.0 0.2 1.3 0.1 1.3 1.2 0.1 0.3 0.2 1.3 0.5 0.5 0.1 0.6 0.0 0.0 1.2 0.4 0.6 1.3 0.4 0.0 0.4 0.8 1.2 0.2 1.3

172 1.1 1.2 1.2 1.3 1.1 1.1 0.3 0.1 0.2 0.2 0.4 1.2 0.3 1.1 1.1 1.0 0.0 0.2 0.1 0.1 0.1 1.2 0.1 0.3 1.4 1.2 0.4 0.5 0.1 1.5 1.3 1.3 1.2 1.5 0.4 1.3 1.5 0.0 0.4 0.4 1.2 0.2 0.3

173 1.3 0.0 1.1 1.0 0.0 1.1 0.7 1.1 0.9 2.1 0.8 0.2 0.6 0.0 1.4 1.2 1.2 0.9 0.1 0.1 1.1 0.9 0.1 0.9 0.9 0.1 1.4 1.7 1.4 1.6 2.5 1.2 2.4 0.7 1.5 2.3 1.9 1.2 1.6 0.8 0.1 0.2 0.8

174 1.3 0.0 0.0 0.2 1.1 1.1 1.7 0.1 0.9 0.2 0.4 0.2 0.3 0.0 0.1 1.2 1.2 0.2 0.1 0.1 0.1 0.2 0.1 0.9 0.2 0.1 1.4 1.7 1.4 0.6 2.5 2.5 1.2 0.4 0.4 2.3 0.8 2.4 1.6 1.9 2.1 0.9 0.8

175 0.1 0.0 0.0 0.2 0.0 1.1 1.3 1.3 1.3 1.3 0.4 0.2 0.3 1.1 1.1 0.1 0.0 0.2 0.1 0.1 1.1 0.9 0.1 1.5 1.4 1.3 1.3 0.5 1.3 0.4 0.0 0.0 0.0 0.7 0.6 1.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

176 1.1 1.2 1.2 1.3 1.1 1.1 0.3 1.3 1.3 1.3 0.4 0.2 0.6 1.1 1.1 1.0 1.2 0.9 1.3 1.2 0.1 1.2 1.3 1.5 1.4 0.1 0.4 0.5 0.1 0.6 1.3 1.3 1.2 0.7 0.6 0.1 0.8 1.2 1.4 1.5 1.2 1.3 1.3

177 0.1 1.3 0.0 0.2 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.9 0.6 1.1 2.6 1.2 1.2 0.9 1.1 0.1 1.3 0.9 2.3 0.9 2.1 1.3 1.4 0.6 0.1 1.6 1.3 1.2 0.0 0.7 0.6 1.1 0.8 0.0 0.6 0.8 1.0 0.9 0.8

178 0.1 1.2 3.4 1.0 2.2 1.1 1.7 1.1 0.9 0.9 2.0 0.2 0.3 0.0 1.1 0.1 1.2 0.2 0.1 0.1 0.1 0.9 1.1 0.9 0.9 1.3 1.4 2.8 1.4 1.6 1.3 0.0 0.0 1.5 0.6 0.1 0.8 0.0 1.6 1.9 0.1 0.2 0.3

179 0.1 1.2 0.0 1.3 1.1 1.1 1.3 1.3 0.2 1.3 0.4 1.2 0.3 1.1 1.1 1.0 1.2 0.2 0.1 1.2 1.3 1.2 0.1 0.3 1.4 0.1 1.3 1.6 1.3 0.6 0.0 0.0 0.0 0.4 0.4 0.1 0.4 1.2 0.4 0.4 1.2 0.2 1.3

180 1.3 0.0 0.0 1.0 0.0 0.0 0.7 0.1 0.9 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 1.3 0.5 0.5 0.1 0.4 0.0 0.0 0.0 0.7 0.6 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3
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Sets A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

Z-Score test: Pecentage of ∣Z∣ score >3.29

181 1.1 0.0 1.2 0.2 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 0.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 0.2 1.3 0.4 0.5 0.1 0.4 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 0.2 0.3

182 1.1 0.0 0.0 1.3 1.1 0.0 0.3 1.3 0.2 0.9 0.4 0.2 0.6 0.0 1.1 1.0 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.6 0.0 0.0 0.0 0.7 0.4 0.1 0.4 0.0 0.4 0.4 0.1 1.3 0.3

183 0.1 1.2 0.0 1.0 1.1 1.1 0.3 1.3 0.2 1.3 1.5 2.0 0.3 1.1 1.1 1.0 1.2 1.4 0.1 0.1 0.1 1.2 1.3 0.3 1.4 0.1 0.4 0.5 1.4 0.6 1.3 1.3 1.2 0.4 1.4 1.3 0.4 1.2 1.4 1.5 1.2 0.2 0.3

184 0.1 0.0 0.0 0.2 0.0 1.1 1.3 0.1 0.2 0.2 0.4 0.9 0.6 1.1 1.1 1.0 0.0 1.4 0.1 0.1 0.1 1.2 0.1 0.3 0.2 0.1 0.4 0.6 1.3 0.4 0.0 0.0 0.0 0.7 0.4 1.3 0.8 1.2 0.4 0.4 0.1 1.9 1.8

185 1.3 0.0 1.1 1.0 1.1 0.0 0.7 0.1 0.2 0.2 0.8 0.2 0.3 0.0 0.1 1.0 0.0 0.2 0.1 0.1 0.1 1.2 0.1 0.3 1.4 0.1 0.5 0.5 0.1 0.6 0.0 0.0 0.0 0.4 0.6 0.1 0.8 0.0 0.6 0.4 1.2 0.2 0.3

186 1.3 1.3 0.0 1.0 1.1 1.1 0.7 1.1 0.2 0.9 0.4 0.2 0.6 0.0 0.1 0.1 0.0 0.9 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.5 0.5 0.1 0.6 0.0 0.0 0.0 0.4 0.4 0.1 0.8 1.2 0.6 0.4 1.0 0.2 1.3

187 1.3 1.3 1.1 2.2 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.9 0.6 1.1 1.4 2.3 2.4 2.0 1.1 1.0 1.1 0.9 2.3 2.1 0.9 1.3 0.5 0.6 2.8 1.6 2.5 2.5 2.4 1.8 1.5 2.3 1.9 2.4 1.6 1.9 2.1 1.9 1.8

188 1.1 1.2 1.2 1.3 1.1 1.1 0.3 1.1 1.3 1.3 0.4 0.9 0.6 0.0 0.1 0.1 1.2 0.9 0.1 0.1 0.1 0.9 1.1 0.9 0.9 2.6 0.5 0.6 1.3 0.6 1.3 0.0 1.2 1.8 1.5 1.1 0.4 1.2 0.6 0.8 0.1 0.2 0.3

189 1.3 0.0 1.1 0.2 0.0 1.1 0.7 0.1 0.9 0.9 0.8 0.2 0.3 0.0 0.1 0.1 0.0 0.9 1.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.5 0.5 0.1 0.6 1.3 0.0 0.0 0.4 0.4 1.1 0.8 0.0 0.4 0.4 0.1 0.2 0.3

190 0.1 1.3 0.0 0.2 0.0 1.1 1.3 0.1 1.3 1.3 1.5 1.2 0.3 1.1 1.1 1.0 1.2 0.2 1.1 0.1 0.1 0.2 0.1 0.9 0.9 0.1 0.5 0.5 1.3 0.6 0.0 1.3 1.2 0.4 1.4 0.1 0.4 0.0 0.4 0.4 1.2 0.2 0.3

191 1.1 1.2 0.0 0.2 1.1 1.1 1.3 0.1 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

192 1.3 1.3 1.1 1.0 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.9 0.6 1.1 1.4 1.2 1.2 0.9 1.1 1.0 1.1 0.9 1.1 0.9 0.9 1.3 0.5 0.6 1.4 0.6 1.3 1.2 1.2 0.7 0.6 1.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

193 1.1 1.2 1.2 1.3 1.1 1.1 1.3 0.1 1.3 0.2 0.4 1.2 0.3 1.1 1.1 1.0 0.0 0.2 1.3 1.2 0.1 0.2 0.1 0.3 0.2 1.2 0.4 0.5 0.1 0.4 1.3 0.0 1.2 1.5 0.4 1.3 0.4 1.2 0.4 0.4 0.1 0.2 0.3

194 0.1 1.3 0.0 1.0 1.1 1.1 0.7 0.1 0.9 0.9 0.8 0.9 0.3 0.0 0.1 1.2 0.0 0.9 0.1 0.1 1.1 0.2 1.1 0.9 0.9 0.1 2.3 2.8 0.1 2.7 0.0 1.2 2.4 0.4 0.4 1.1 0.4 1.2 2.6 0.8 1.0 0.2 0.8

195 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 0.4 0.2 0.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 0.4 1.5 1.2 1.3 1.3

196 0.1 0.0 0.0 0.2 0.0 0.0 0.3 1.3 0.2 1.3 0.4 0.2 0.3 0.0 1.1 0.1 1.2 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 1.3 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.7 0.6 1.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

197 1.3 1.3 1.1 1.0 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.2 0.6 0.0 1.1 1.0 0.0 0.2 0.1 1.2 0.1 1.2 0.1 0.3 0.2 0.1 2.3 0.5 0.1 2.7 0.0 0.0 0.0 2.8 0.6 1.1 0.8 1.2 2.6 0.8 1.2 0.2 0.8

198 1.3 0.0 0.0 0.2 0.0 1.1 1.3 1.3 0.9 1.3 1.5 0.2 0.6 0.0 1.1 1.0 1.2 0.9 0.1 1.2 0.1 0.9 1.3 1.5 0.2 0.1 1.3 0.5 1.3 1.5 1.3 1.3 1.2 0.4 0.4 0.1 1.5 1.2 1.4 1.5 0.1 1.3 0.8

199 0.1 0.0 1.2 1.0 0.0 1.1 0.7 0.1 1.3 0.2 0.4 0.2 0.6 1.1 0.1 0.1 1.2 0.2 0.1 0.1 1.1 0.2 1.1 0.9 0.9 1.3 0.5 0.6 0.1 0.4 0.0 0.0 1.2 0.7 0.6 1.1 0.4 0.0 0.4 0.8 1.0 0.9 0.8

200 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

201 1.1 0.0 0.0 0.2 0.0 0.0 0.7 0.1 0.9 0.2 2.0 0.9 1.6 1.1 1.1 0.1 1.2 1.4 0.1 1.0 0.1 0.2 1.1 0.3 1.4 1.2 1.3 0.5 0.1 0.6 0.0 0.0 0.0 0.7 0.6 0.1 0.4 0.0 0.6 0.8 0.1 0.2 1.3

202 1.1 1.2 1.2 0.2 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

203 1.1 0.0 1.2 0.2 1.1 1.1 1.3 1.1 0.2 1.3 0.4 0.2 1.3 1.1 0.1 0.1 1.2 1.4 0.1 0.1 0.1 1.2 0.1 0.3 1.4 1.2 1.3 0.6 0.1 0.4 0.0 0.0 0.0 0.7 0.4 0.1 0.4 0.0 0.4 0.4 1.2 0.9 0.8

204 1.1 1.3 1.2 0.2 0.0 1.1 0.3 1.3 1.3 1.3 0.4 1.2 1.3 1.1 1.1 1.0 1.2 0.2 1.3 1.2 1.3 0.9 1.3 1.5 1.4 1.3 0.5 0.6 0.1 1.5 1.3 1.3 0.0 2.8 2.5 1.1 1.5 1.2 1.4 1.5 1.2 0.9 1.3

205 1.1 1.2 1.2 1.3 1.1 1.1 1.3 0.1 1.3 1.3 0.4 0.2 0.3 1.1 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.6 0.1 0.6 0.0 0.0 1.2 0.4 0.4 1.3 0.4 1.2 0.6 0.4 0.1 0.2 0.8

206 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

207 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 0.4 1.2 1.3 1.1 1.1 0.1 0.0 1.4 1.3 1.2 0.1 0.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 0.4 0.0 0.0 0.0 0.4 1.4 1.3 0.4 0.0 0.4 0.4 0.1 0.2 1.3

208 1.1 1.2 1.1 1.3 1.1 1.1 0.3 1.3 0.2 0.2 0.4 0.2 0.6 1.1 1.1 1.0 1.2 0.2 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 0.4 0.5 1.3 0.4 1.3 0.0 1.2 0.4 1.4 1.3 0.8 0.0 1.4 0.4 0.1 0.2 1.3

209 1.1 1.2 1.2 1.3 1.1 1.1 0.3 1.3 1.3 1.3 1.5 1.2 0.3 0.0 1.1 1.0 0.0 0.2 1.3 1.2 1.3 1.2 0.1 0.3 1.4 1.2 0.4 0.5 1.3 0.4 1.3 1.3 1.2 0.4 1.4 1.3 0.4 0.0 0.4 0.4 1.2 1.3 1.3

210 1.1 0.0 1.1 0.2 1.1 1.1 0.3 2.3 0.2 1.3 0.8 0.9 1.6 1.1 1.1 1.0 1.2 0.2 1.1 1.0 1.1 1.9 1.3 0.3 1.4 1.2 0.4 0.5 1.3 1.5 0.0 0.0 1.2 0.7 0.4 1.1 1.9 2.4 0.4 0.8 1.0 1.3 1.3

211 0.1 1.2 1.2 1.0 0.0 1.1 0.3 1.3 0.2 0.2 0.8 1.2 2.6 3.3 2.6 3.4 2.4 0.9 1.1 1.0 1.1 1.9 0.1 0.3 0.2 0.1 0.4 0.5 1.3 0.4 1.3 0.0 0.0 1.5 1.4 1.3 1.5 0.0 0.6 0.8 1.2 0.2 0.3

212 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.9 0.6 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.7 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

213 1.1 1.2 0.0 1.0 1.1 1.1 0.7 1.3 0.9 1.3 0.8 1.2 1.3 1.1 1.4 1.2 1.2 0.9 1.3 1.2 1.3 1.2 1.3 1.5 2.1 1.2 1.4 1.7 1.3 1.5 1.3 1.2 1.2 0.7 0.6 1.1 0.8 1.2 1.4 1.5 1.0 1.3 1.3

214 1.1 1.2 1.1 1.3 1.1 1.1 0.3 1.3 1.3 1.3 0.4 1.2 0.6 1.1 0.1 1.0 1.2 1.4 0.1 1.2 0.1 0.2 1.3 0.3 0.2 1.2 1.3 0.5 1.3 1.5 0.0 0.0 1.2 0.4 0.6 1.3 0.4 1.2 0.4 1.5 1.2 0.2 0.3

215 1.3 0.0 1.1 2.2 0.0 0.0 0.7 0.1 0.9 0.2 0.8 0.9 0.6 1.1 0.1 0.1 0.0 0.9 1.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.6 0.4 1.2 1.3 1.3

216 1.3 1.3 0.0 1.0 0.0 0.0 0.3 1.1 0.2 0.2 0.4 0.2 0.6 0.0 1.1 1.0 0.0 0.9 1.1 1.0 1.1 0.9 0.1 1.5 0.2 0.1 0.4 0.5 0.1 0.4 1.3 0.0 0.0 0.4 1.4 0.1 0.4 0.0 0.4 0.8 0.1 0.2 0.3

217 0.1 1.2 1.2 1.3 1.1 1.1 0.3 0.1 0.2 0.2 0.4 0.2 0.3 1.1 1.1 1.0 1.2 0.2 0.1 0.1 0.1 0.2 1.3 0.3 0.2 1.2 0.5 0.6 0.1 0.4 1.3 0.0 0.0 0.4 0.4 0.1 0.4 0.0 1.4 0.4 0.1 0.2 0.3

218 0.1 0.0 2.2 2.2 0.0 1.1 1.3 0.1 0.9 0.2 0.4 0.2 1.3 0.0 0.1 0.1 1.2 0.9 1.1 1.0 1.1 0.9 1.1 0.9 0.9 1.3 0.5 0.6 0.1 0.4 1.3 1.2 1.2 0.7 0.4 0.1 1.5 0.0 0.6 0.4 1.0 1.9 1.8

219 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.1 0.9 0.9 0.4 1.2 1.3 1.1 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 1.1 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 3.6 2.8 1.4 1.3 1.5 1.2 0.6 0.8 0.1 0.2 0.8

220 1.1 1.2 1.2 1.3 1.1 1.1 1.3 0.1 1.3 1.3 1.5 1.2 0.3 1.1 1.1 1.0 1.2 0.2 0.1 1.2 1.3 0.2 1.3 1.5 1.4 1.2 1.3 1.6 0.1 0.4 1.3 1.3 1.2 0.4 1.4 0.1 1.5 1.2 1.4 1.5 1.2 1.3 0.3

221 1.1 1.2 1.1 1.0 1.1 1.1 0.7 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 0.1 1.3 1.6 1.3 1.5 1.3 1.3 1.2 0.4 0.4 0.1 0.4 0.0 0.4 0.4 1.2 1.3 1.3

222 0.1 1.2 1.2 1.3 1.1 1.1 0.3 1.1 1.3 1.3 0.4 0.2 1.3 1.1 1.4 1.2 1.2 1.4 1.3 1.2 1.3 1.2 0.1 0.3 1.4 1.2 0.4 0.5 0.1 1.5 1.3 0.0 1.2 1.5 1.4 1.3 0.4 0.0 0.4 1.5 1.2 1.3 1.3

223 0.1 0.0 1.2 0.2 1.1 1.1 0.3 2.3 1.3 1.3 0.4 0.2 1.3 0.0 0.1 3.4 1.2 0.9 1.1 3.2 0.1 2.9 2.3 2.1 0.9 0.1 0.5 0.6 0.1 0.6 1.3 0.0 0.0 1.5 1.4 0.1 0.4 0.0 0.4 0.4 2.1 1.9 1.8

224 0.1 0.0 0.0 1.0 1.1 0.0 0.7 0.1 0.2 1.3 0.4 0.2 1.3 0.0 1.1 1.0 0.0 0.2 1.3 0.1 0.1 1.2 0.1 0.3 0.2 1.2 1.3 0.5 1.3 0.4 0.0 1.2 0.0 0.7 1.4 1.3 0.4 0.0 1.4 0.4 0.1 0.2 0.3

225 0.1 0.0 1.2 1.3 0.0 0.0 0.3 1.1 0.2 0.2 1.5 0.2 0.3 1.1 0.1 1.0 0.0 0.9 0.1 0.1 0.1 0.9 1.3 1.5 0.2 0.1 1.3 0.5 0.1 0.6 0.0 1.2 1.2 1.5 0.4 0.1 0.4 1.2 1.4 1.5 1.2 1.3 1.3
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Sets A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

Z-Score test: Pecentage of ∣Z∣ score >3.29

226 1.1 0.0 0.0 0.2 0.0 0.0 0.3 1.3 0.2 0.9 0.4 0.2 0.6 1.1 0.1 1.0 1.2 0.2 1.1 1.0 1.3 0.9 0.1 0.3 1.4 1.2 1.3 0.5 0.1 0.6 1.3 1.2 1.2 0.4 0.4 0.1 0.4 0.0 0.4 0.8 1.0 1.3 0.3

227 1.1 1.2 1.2 0.2 1.1 1.1 0.3 1.3 1.3 1.3 0.4 1.2 0.3 0.0 0.1 0.1 0.0 0.2 1.1 0.1 0.1 1.2 1.3 1.5 0.2 1.2 0.4 0.6 0.1 0.4 0.0 0.0 0.0 1.5 1.4 1.3 0.4 0.0 0.4 0.4 0.1 0.2 0.3

228 0.1 0.0 0.0 1.3 1.1 1.1 1.3 0.1 0.2 0.9 0.8 0.2 0.3 1.1 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 1.2 0.7 0.6 1.1 0.4 1.2 1.4 0.4 0.1 0.2 0.3

229 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

230 0.1 0.0 0.0 0.2 0.0 0.0 0.3 1.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.9 1.1 1.0 1.1 0.9 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 1.3 1.3

231 1.3 1.3 1.1 0.2 2.2 1.1 0.7 0.1 0.9 0.2 0.4 2.0 1.6 1.1 0.1 0.1 1.2 2.0 1.1 2.1 1.1 1.9 1.1 0.9 0.9 0.1 0.4 0.6 0.1 0.4 1.3 1.2 1.2 0.7 0.4 0.1 0.8 1.2 0.6 0.8 2.1 1.9 0.8

232 1.3 1.3 1.1 1.0 1.1 2.3 1.7 1.1 2.1 2.1 2.0 2.0 0.6 1.1 0.1 1.2 0.0 0.9 0.1 0.1 0.1 1.2 0.1 0.3 0.9 0.1 1.3 1.6 0.1 0.4 1.3 0.0 1.2 0.4 1.4 0.1 0.4 0.0 1.4 0.4 0.1 1.3 1.3

233 0.1 1.2 1.2 2.2 1.1 1.1 1.3 2.3 0.9 0.2 0.4 1.2 0.6 1.1 1.1 1.0 1.2 0.9 0.1 0.1 0.1 2.9 0.1 1.5 0.2 1.2 1.3 1.6 0.1 1.5 1.3 1.2 0.0 0.7 1.4 1.3 1.9 1.2 0.6 0.4 0.1 0.9 0.8

234 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 2.2 1.4 1.2 0.0 0.2 1.1 1.0 1.1 0.9 1.1 0.9 2.1 0.1 0.4 0.6 1.4 0.4 0.0 0.0 1.2 1.8 0.6 0.1 1.5 0.0 0.6 0.8 0.1 0.9 0.8

235 0.1 0.0 1.2 0.2 0.0 0.0 0.3 1.1 1.3 0.2 0.4 0.2 0.6 2.2 2.6 1.2 2.4 2.0 1.1 1.0 1.1 1.9 2.3 2.1 2.1 0.1 0.5 1.7 0.1 0.4 0.0 1.2 1.2 1.8 1.5 2.3 1.9 2.4 0.4 1.9 2.1 1.9 0.8

236 1.3 1.3 1.1 0.2 0.0 0.0 0.7 0.1 1.3 1.3 0.4 3.1 1.3 2.2 1.1 0.1 1.2 2.0 2.3 0.1 2.3 1.9 3.5 3.3 0.2 0.1 2.3 2.8 0.1 0.4 1.3 3.8 2.4 1.5 2.5 1.3 3.1 3.7 2.6 3.0 3.3 3.0 2.8

237 1.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 1.3 1.3 1.5 0.9 0.3 0.0 0.1 1.0 1.2 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 1.3 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.8 1.2 0.4 0.4 0.1 0.2 0.8

238 2.6 1.3 1.1 2.2 0.0 0.0 1.3 1.1 0.2 0.2 0.8 0.2 0.6 2.2 1.4 2.3 1.2 2.0 2.3 3.2 2.3 2.9 2.3 2.1 2.1 0.1 0.5 1.7 2.8 0.6 0.0 2.5 2.4 0.7 0.4 0.1 1.9 2.4 1.6 1.9 3.3 1.9 2.8

239 1.1 0.0 0.0 1.3 1.1 1.1 1.3 0.1 0.2 1.3 0.4 1.2 0.3 1.1 1.1 1.0 1.2 0.2 1.3 1.2 0.1 0.2 0.1 1.5 0.2 0.1 0.4 0.5 1.3 1.5 0.0 0.0 1.2 1.5 1.4 0.1 1.5 1.2 1.4 1.5 0.1 1.3 1.3

240 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 0.9 0.9 0.4 1.2 1.3 1.1 0.1 1.2 0.0 0.9 0.1 0.1 0.1 1.2 1.3 1.5 1.4 1.2 0.4 0.5 1.3 1.5 1.3 1.3 0.0 1.5 1.4 1.3 0.4 0.0 1.4 0.4 1.0 0.9 1.8

241 0.1 0.0 1.2 1.0 1.1 1.1 0.3 1.1 0.9 0.2 0.4 0.2 0.6 0.0 0.1 1.2 1.2 1.4 1.3 0.1 1.3 1.2 0.1 0.3 0.2 0.1 0.5 0.6 0.1 0.6 1.3 0.0 0.0 0.4 0.4 1.3 0.4 0.0 0.4 0.4 1.0 0.2 0.8

242 1.1 0.0 1.2 0.2 1.1 1.1 0.3 1.3 0.2 0.2 0.4 0.2 1.3 0.0 1.1 1.0 0.0 0.2 0.1 1.2 1.3 0.2 0.1 0.3 0.2 0.1 1.3 1.6 1.3 1.5 0.0 0.0 0.0 0.4 1.4 0.1 0.4 0.0 1.4 1.5 0.1 1.3 1.3

243 0.1 0.0 0.0 0.2 1.1 1.1 1.3 0.1 1.3 0.2 0.4 1.2 1.3 1.1 0.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 0.5 0.1 1.5 1.3 1.3 0.0 0.4 0.4 1.3 0.4 0.0 0.4 0.4 0.1 0.2 0.3

244 2.6 1.3 0.0 0.2 1.1 0.0 1.3 1.3 0.9 0.2 1.5 0.2 1.3 1.1 1.1 0.1 1.2 0.9 0.1 1.2 0.1 0.2 1.3 0.3 0.2 1.2 0.4 1.6 1.3 0.4 1.3 0.0 0.0 0.4 1.4 0.1 0.4 1.2 0.4 1.5 0.1 1.3 1.3

245 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 0.4 0.2 1.3 0.0 1.1 0.1 1.2 0.2 0.1 0.1 1.3 0.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 0.0 1.5 1.4 0.1 0.4 1.2 0.4 1.5 1.2 1.3 1.3

246 1.1 1.2 0.0 0.2 1.1 1.1 0.7 1.1 0.9 0.9 0.4 0.9 0.3 1.1 1.1 1.0 0.0 0.2 0.1 0.1 0.1 1.2 1.3 1.5 0.2 1.2 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.7 0.6 1.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

247 1.1 1.2 1.2 1.3 1.1 0.0 0.3 1.3 1.3 0.2 0.4 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

248 0.1 0.0 1.2 0.2 0.0 0.0 0.3 1.3 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

249 0.1 1.2 1.2 0.2 1.1 1.1 0.3 0.1 0.2 0.2 0.8 0.2 0.3 0.0 1.1 1.0 0.0 0.2 0.1 1.0 0.1 0.2 1.1 0.9 0.9 0.1 0.4 0.5 1.4 1.5 0.0 0.0 0.0 0.4 0.4 0.1 0.4 1.2 0.6 0.4 0.1 0.2 0.3

250 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

251 0.1 1.3 1.1 1.0 1.1 1.1 0.7 1.1 0.9 2.1 2.0 3.1 2.6 1.1 1.1 0.1 1.2 2.0 1.1 1.2 0.1 1.2 1.3 1.5 1.4 1.2 0.5 1.6 1.4 0.6 1.3 1.3 1.2 2.8 0.6 1.1 0.8 1.2 1.6 0.8 1.0 1.3 1.3

252 1.3 0.0 0.0 1.0 0.0 0.0 0.7 0.1 0.2 0.2 0.8 0.9 0.3 0.0 0.1 0.1 0.0 0.9 1.3 1.2 0.1 0.2 0.1 0.3 0.9 0.1 0.4 0.5 0.1 0.4 1.3 0.0 0.0 0.4 1.5 1.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

253 1.1 1.2 1.2 1.3 1.1 0.0 1.3 1.3 1.3 1.3 1.5 1.2 2.6 3.3 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.4 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 0.9 0.8

254 0.1 1.3 0.0 0.2 0.0 1.1 0.3 0.1 0.2 1.3 0.4 0.2 0.3 0.0 1.4 0.1 1.2 0.9 1.1 1.0 1.1 0.9 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 1.2 1.2 0.4 0.4 0.1 0.4 0.0 0.4 1.5 0.1 0.2 0.3

255 0.1 0.0 0.0 1.0 1.1 0.0 0.7 1.1 0.9 1.3 0.4 1.2 0.3 0.0 1.1 0.1 0.0 0.2 1.1 1.0 1.1 0.9 0.1 0.9 0.9 1.3 0.4 0.6 0.1 0.6 1.3 1.2 1.2 0.4 0.6 1.1 0.8 1.2 0.4 0.4 1.0 0.9 0.8

256 1.1 1.2 1.2 1.0 1.1 1.1 1.3 1.3 0.9 0.2 0.4 1.2 1.3 1.1 1.1 1.0 1.2 0.2 0.1 1.2 1.3 0.9 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 0.7 0.6 1.1 1.5 1.2 1.4 1.5 1.2 1.3 1.3

257 1.3 0.0 0.0 0.2 0.0 0.0 1.3 1.1 1.3 1.3 1.5 1.2 0.3 1.1 1.1 1.0 1.2 0.2 0.1 1.2 0.1 0.9 1.3 0.3 0.2 0.1 1.3 0.5 0.1 0.6 0.0 1.2 1.2 0.7 0.6 1.1 0.4 0.0 0.4 0.4 0.1 0.2 1.3

258 1.1 1.2 1.2 0.2 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.4 0.1 1.2 0.9 0.1 0.1 1.3 0.9 1.3 0.3 1.4 1.2 0.5 0.6 0.1 1.5 1.3 0.0 0.0 1.5 1.4 1.3 0.4 0.0 0.4 1.5 1.2 1.3 1.3

259 1.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

260 0.1 1.3 2.2 0.2 1.1 1.1 0.3 1.1 0.2 0.2 0.8 0.2 0.6 0.0 0.1 1.2 0.0 0.9 2.3 1.0 2.3 0.2 0.1 0.9 0.2 1.2 0.4 0.6 0.1 0.4 0.0 0.0 1.2 0.4 0.4 1.1 0.4 1.2 0.4 0.8 0.1 1.3 0.3

261 0.1 1.3 1.1 0.2 0.0 0.0 0.7 0.1 0.9 0.9 0.4 1.2 0.6 1.1 0.1 1.2 0.0 0.2 0.1 1.0 0.1 0.2 0.1 0.9 0.9 0.1 0.4 0.6 1.4 0.4 0.0 1.2 2.4 0.4 1.5 1.1 0.8 1.2 1.4 0.4 0.1 1.9 0.3

262 0.1 1.3 0.0 1.0 0.0 1.1 0.7 1.1 0.2 0.2 1.5 0.2 0.3 0.0 0.1 0.1 0.0 0.9 0.1 0.1 1.1 0.2 0.1 0.3 0.2 0.1 0.5 0.6 0.1 0.4 1.3 1.3 0.0 0.4 0.4 0.1 0.4 1.2 0.4 0.4 0.1 0.2 0.8

263 1.1 1.2 1.1 1.0 1.1 1.1 0.7 1.1 0.9 0.9 2.0 2.0 1.6 0.0 1.4 1.2 1.2 0.9 1.1 1.0 1.1 0.9 1.1 0.9 0.9 1.3 0.5 0.6 1.4 0.6 1.3 1.2 1.2 0.7 0.6 1.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

264 0.1 1.2 1.2 1.3 0.0 1.1 0.7 1.1 1.3 1.3 1.5 1.2 0.6 1.1 0.1 0.1 1.2 0.2 2.3 1.0 1.1 0.9 1.1 0.9 0.9 0.1 0.5 0.6 0.1 0.4 0.0 1.2 1.2 0.7 0.4 0.1 1.5 1.2 1.4 0.8 0.1 0.9 0.3

265 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.1 1.3 1.3 0.8 1.2 0.6 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 0.9 1.3 1.5 1.4 1.3 1.3 1.6 1.3 0.6 0.0 1.3 1.2 1.5 1.4 1.3 1.5 1.2 0.6 1.5 1.2 1.3 1.3

266 0.1 1.2 1.2 0.2 0.0 0.0 0.3 1.1 0.2 0.2 0.4 0.2 0.3 1.1 0.1 0.1 0.0 0.2 0.1 1.0 1.1 0.9 0.1 0.9 0.2 0.1 0.4 0.5 1.4 0.4 0.0 1.2 0.0 0.4 0.6 1.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

267 0.1 1.3 1.2 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.8 0.2 0.3 1.1 0.1 0.1 0.0 0.9 1.1 1.0 1.1 0.9 1.1 0.9 0.2 0.1 0.4 0.5 0.1 0.4 0.0 1.3 0.0 0.7 0.6 1.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

268 0.1 2.5 1.1 1.0 0.0 0.0 0.3 1.1 0.2 0.2 1.5 1.2 1.3 2.2 2.6 2.3 2.4 2.0 0.1 0.1 1.3 1.2 1.1 0.9 0.9 1.2 1.4 1.7 1.3 1.5 1.3 1.2 1.2 1.5 1.5 1.3 1.9 0.0 0.4 0.4 3.3 3.0 2.8

269 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

270 0.1 0.0 0.0 1.0 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.9 0.6 1.1 1.4 1.2 1.2 0.9 1.1 1.0 1.1 0.9 1.1 0.9 0.9 1.3 0.5 0.6 0.1 0.6 0.0 1.2 0.0 1.5 1.4 1.3 0.8 0.0 0.6 0.4 1.0 0.9 0.3

263 



Sets A1 A2 A3 A4 A5 A6 A7 B1 C1 C2 C3 C4 C5 C6 D1 D2 D3 D4 D5 D6 D7 D8 E1 E2 E3 E4 E5 E6 F1 F2 F3 F4 F5 F6 F7 F8 G1 G2 G3 G4 G5 G6 G7

Z-Score test: Pecentage of ∣Z∣ score >3.29

271 1.1 1.2 1.2 1.0 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 0.1 0.0 0.2 0.1 1.0 1.3 1.2 1.3 1.5 0.2 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 0.4 0.4 0.1 1.5 1.2 0.4 1.5 1.2 1.3 1.3

272 0.1 1.3 0.0 1.0 0.0 1.1 0.3 1.1 0.2 0.9 0.8 2.0 1.6 0.0 0.1 0.1 0.0 0.9 0.1 0.1 1.1 0.2 0.1 0.3 0.9 1.2 0.5 0.6 0.1 1.5 0.0 0.0 0.0 0.7 0.4 0.1 0.8 0.0 0.4 0.4 1.0 0.9 0.8

273 1.3 1.2 1.2 1.3 3.3 3.4 2.7 1.3 3.2 2.1 2.0 2.0 0.6 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 2.8 2.5 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

274 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.9 0.1 1.0 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 1.2 0.7 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

275 0.1 1.2 0.0 0.2 1.1 1.1 0.3 1.3 0.2 1.3 1.5 1.2 1.3 1.1 0.1 0.1 0.0 0.9 1.1 1.0 0.1 0.2 0.1 0.3 1.4 1.2 0.4 0.6 1.3 1.5 1.3 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 1.0 1.3 1.3

276 0.1 1.2 0.0 0.2 1.1 1.1 0.3 0.1 0.2 1.3 0.4 0.2 1.3 1.1 0.1 0.1 0.0 0.9 0.1 1.0 0.1 0.2 0.1 0.3 0.2 1.2 0.4 0.5 0.1 1.5 1.3 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 1.2 1.3 1.3

277 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 0.9 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 0.7 1.4 1.3 1.5 1.2 1.4 1.5 1.2 3.0 2.8

278 0.1 1.2 1.2 1.0 1.1 1.1 0.7 2.3 2.1 2.1 2.0 0.9 0.6 1.1 1.1 0.1 1.2 0.9 1.1 2.1 1.1 1.9 2.3 2.1 2.1 1.3 0.4 0.5 1.4 0.4 0.0 1.2 0.0 0.7 0.6 0.1 0.8 0.0 0.6 0.8 1.0 0.2 0.8

279 1.3 1.2 0.0 0.2 1.1 0.0 0.7 1.1 1.3 0.2 0.8 0.2 1.3 2.2 1.1 1.0 1.2 0.9 1.1 1.0 0.1 0.9 0.1 0.3 0.9 1.2 0.5 0.5 1.4 0.4 1.3 1.2 0.0 0.7 1.4 0.1 1.5 0.0 1.6 1.5 1.0 0.9 0.8

280 0.1 0.0 1.2 1.0 1.1 0.0 0.7 0.1 1.3 0.2 0.4 0.2 1.3 1.1 1.4 0.1 0.0 0.9 1.1 1.0 1.1 0.9 1.3 1.5 1.4 1.3 0.5 0.5 0.1 0.6 1.3 1.3 1.2 1.8 1.5 0.1 0.8 0.0 0.6 0.4 1.0 0.9 0.8

281 1.1 0.0 1.1 1.0 1.1 1.1 2.7 1.1 2.1 2.1 2.0 3.1 0.6 0.0 0.1 0.1 1.2 0.9 1.1 1.0 2.3 1.9 0.1 0.3 0.9 0.1 1.4 1.7 0.1 0.4 0.0 0.0 1.2 1.8 2.5 3.5 0.4 0.0 0.4 0.4 0.1 0.2 0.3

282 2.6 2.5 1.1 1.0 1.1 1.1 0.7 1.1 0.9 0.9 0.8 0.9 0.6 1.1 1.4 1.2 1.2 0.9 1.1 1.0 1.1 0.9 1.1 0.9 0.9 0.1 0.4 0.5 0.1 0.4 1.3 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.6 0.4 1.0 0.2 0.3

283 0.1 0.0 0.0 0.2 0.0 1.1 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 1.4 0.6 0.1 0.6 0.0 0.0 0.0 0.7 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

284 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 1.2 1.3 1.1 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 1.5 0.2 0.1 1.3 0.5 0.1 0.4 1.3 0.0 1.2 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 1.3

285 0.1 0.0 1.2 1.0 1.1 0.0 0.3 1.1 0.2 0.2 0.4 0.2 0.3 1.1 1.4 1.2 0.0 0.9 1.1 1.0 0.1 0.2 1.1 0.9 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 1.2 0.4 0.4 0.1 0.8 0.0 0.6 0.4 2.1 1.9 0.8

286 1.1 0.0 1.2 0.2 1.1 1.1 1.3 1.1 1.3 1.3 0.4 0.2 1.3 1.1 0.1 0.1 0.0 0.9 0.1 0.1 0.1 0.9 0.1 0.3 0.2 1.2 0.4 0.6 0.1 1.5 1.3 1.3 1.2 0.7 0.4 0.1 0.8 0.0 0.6 0.8 0.1 0.2 0.3

287 1.1 1.2 0.0 1.0 0.0 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 0.4 0.5 1.3 0.6 1.3 0.0 1.2 1.5 1.4 1.3 0.8 1.2 0.4 0.8 1.2 0.2 0.3

288 1.1 0.0 1.1 1.0 1.1 1.1 1.7 0.1 0.9 0.2 0.4 0.9 0.6 1.1 1.1 0.1 1.2 1.4 1.3 0.1 1.3 1.2 1.3 0.3 1.4 1.2 1.3 0.5 0.1 0.4 0.0 1.3 1.2 1.5 1.4 1.3 0.4 0.0 0.6 0.8 0.1 0.2 1.8

289 1.1 1.2 1.2 1.3 1.1 1.1 0.3 0.1 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.1 0.3 0.2 1.2 0.5 0.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 0.6 1.5 0.1 0.2 0.3

290 0.1 1.2 1.2 0.2 0.0 0.0 0.3 1.1 1.3 0.2 0.4 1.2 0.6 2.2 0.1 1.0 1.2 0.2 0.1 1.0 1.1 1.9 1.1 0.9 0.2 1.2 1.3 1.6 0.1 1.5 0.0 0.0 1.2 0.7 0.6 0.1 0.4 1.2 0.4 1.5 0.1 0.2 0.3

291 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.4 1.2 1.2 0.2 1.3 1.0 0.1 1.2 1.1 0.9 0.9 1.2 0.5 0.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 0.0 1.4 1.5 1.2 1.3 1.3

292 0.1 1.3 0.0 0.2 0.0 0.0 0.3 1.1 0.2 1.3 1.5 0.2 0.6 1.1 0.1 1.2 0.0 0.9 1.1 0.1 0.1 0.9 0.1 0.9 0.9 0.1 0.5 0.6 0.1 0.6 0.0 0.0 0.0 1.8 0.6 1.1 0.8 0.0 0.4 0.4 1.0 0.9 0.8

293 0.1 1.2 0.0 1.3 1.1 1.1 1.3 0.1 1.3 1.3 0.4 1.2 0.6 0.0 1.4 1.0 0.0 0.2 1.3 1.2 1.3 1.2 0.1 0.3 0.9 1.2 0.5 0.6 1.3 0.6 1.3 1.2 1.2 1.5 1.4 1.3 0.4 1.2 0.6 0.8 1.2 0.9 0.8

294 0.1 0.0 1.1 0.2 0.0 0.0 0.7 0.1 0.9 0.9 0.8 0.2 2.6 3.3 0.1 0.1 0.0 2.0 0.1 0.1 0.1 0.9 0.1 0.3 0.2 0.1 0.5 0.6 0.1 0.6 0.0 0.0 1.2 0.7 0.4 0.1 1.9 1.2 0.4 0.8 1.2 1.3 1.3

295 0.1 0.0 1.1 0.2 0.0 0.0 0.7 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.9 0.2 0.1 0.5 0.6 1.4 0.6 0.0 0.0 0.0 1.8 1.5 1.1 0.8 1.2 0.6 0.8 1.0 0.9 0.8

296 1.1 1.2 1.1 1.0 0.0 0.0 0.3 0.1 0.2 1.3 2.0 0.9 0.6 0.0 0.1 0.1 1.2 0.9 1.1 0.1 0.1 2.9 1.1 0.9 2.1 0.1 0.5 0.6 1.4 0.6 1.3 2.5 1.2 0.4 0.4 1.3 0.8 1.2 0.6 0.4 0.1 0.9 0.8

297 1.1 1.3 0.0 1.3 1.1 0.0 1.3 1.1 0.2 1.3 0.8 0.2 1.3 1.1 1.1 1.0 1.2 0.2 1.3 1.2 1.3 1.2 1.3 1.5 0.2 1.2 1.3 1.6 1.3 0.4 0.0 0.0 1.2 1.5 1.4 1.3 0.8 1.2 0.6 0.4 1.2 0.2 0.3

298 1.1 0.0 0.0 0.2 1.1 1.1 1.3 1.1 0.2 0.2 0.8 1.2 0.6 1.1 3.8 2.3 1.2 3.2 2.3 3.2 2.3 1.9 1.1 0.9 0.2 0.1 0.5 0.6 0.1 0.6 0.0 0.0 0.0 0.4 0.4 0.1 0.4 2.4 0.4 0.4 2.1 0.2 0.3

299 0.1 0.0 0.0 0.2 0.0 0.0 0.3 0.1 0.2 0.2 0.4 0.2 1.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.6 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.6 0.4 1.0 0.2 0.8

300 1.1 1.2 1.2 1.3 1.1 0.0 0.3 1.3 0.2 0.2 0.8 1.2 0.6 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 1.2 1.3 1.5 0.2 0.1 0.5 0.6 0.1 0.4 1.3 0.0 1.2 0.7 0.4 1.1 0.4 0.0 0.4 0.8 0.1 0.2 0.3

301 0.1 0.0 2.2 2.2 2.2 2.3 1.7 0.1 0.9 0.9 0.8 0.9 0.6 0.0 0.1 0.1 0.0 0.9 1.1 0.1 1.1 0.2 0.1 0.9 0.9 0.1 0.4 0.6 0.1 0.6 1.3 0.0 0.0 0.7 0.4 1.1 0.8 0.0 0.4 0.8 0.1 0.9 0.8

302 1.1 1.2 1.1 0.2 1.1 0.0 0.3 0.1 0.9 1.3 0.8 0.2 0.6 1.1 1.1 1.0 0.0 0.2 1.3 1.2 0.1 0.2 0.1 0.3 0.2 1.2 1.3 1.6 1.3 0.6 1.3 0.0 0.0 1.5 0.4 0.1 0.4 0.0 0.4 0.4 1.2 0.2 0.3

303 0.1 1.3 0.0 0.2 0.0 1.1 0.3 0.1 0.2 0.2 0.4 0.2 0.3 0.0 0.1 0.1 0.0 0.2 0.1 0.1 0.1 0.2 0.1 0.3 0.2 0.1 0.4 0.5 0.1 0.4 0.0 0.0 0.0 0.4 0.4 0.1 0.4 0.0 0.4 0.4 0.1 0.2 0.3

304 1.1 1.2 1.2 1.3 1.1 1.1 1.3 1.3 1.3 1.3 1.5 1.2 1.3 1.1 1.1 1.0 1.2 1.4 1.3 1.2 1.3 1.2 1.3 1.5 1.4 1.2 1.3 1.6 1.3 1.5 1.3 1.3 1.2 1.5 1.4 1.3 1.5 1.2 1.4 1.5 1.2 1.3 1.3

No. of cases  

∣

Z

∣

> 3.25
1 1 2 1 2 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

% cases 

∣

Z

∣

> 

3.25
0.33 0.33 0.66 0.33 0.66 0.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Remark: ∣Z∣> 3.29

Zero case with percentage of ∣Z∣ score greater than one (1)
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APPENDIX 6 

QUESTIONNAIRE FOR EXPERT INTERVIEWS ON BWM AND 

MATURITY LEVEL REFINEMENT 

 

 

 



 

 

 
 

QUESTIONNAIRE  

Establishing the weight of Attributes Contributing to Better 

Construction Waste Management in Building Construction 

 
Dear Sir/ Madam, 

I would like to seek your input in completing a survey that is part of double Ph.D. degree research that seeks 

to improve construction waste management (CWM). This double Ph.D. degree research is sponsored by the 

AUN/SEED-Net Collaborative Education Program (CEP) under the supervision of Assoc. Prof. Dr. 

Kriengsak PANUWATWANICH (at Sirindhorn International Institute of Technology, Thammasat 

University) and Assoc. Prof. Dr. Koji MATSUMOTO (at Hokkaido University). 

About this survey 

The aim of this survey is to compare the significant of attributes/ factors contributing to the better 

performance of CWM which will then be used as the input for establishing the weight of each attribute. The 

survey is the phase of the development process of the assessment model for CWM. You have been identified 

as an expert who can provide valuable input to this survey. 

Confidentiality 

The information will be used for academic purposes only. All information collected will be stored securely, 

and you will not be identified at any point in this research. Any reporting or summaries derived from the 

data will be presented in an aggregated form, without any individual identification or specific answers. 

Questionnaire structure 

This questionnaire contains three pages and consists of two main parts. Part I: Background of you and your 

company. Part II: Comparing the effect level among the attributes/ factors on the better performance of 

construction waste management. 

Duration of the survey 

The survey takes approximately 20 minutes to complete, and it would be very much appreciated if you 

could kindly finish it on or before 6th May 2024. 

The research team would be most grateful for your time and consideration in contributing to this research. 

Please direct any inquiries about this research to: 

Mr. Vuthea MIN (Doctoral Researcher), Email: minvuthea@gmail.com, Cell No.: +66-905909078 

 
Thanks, and regards,  

30th April 2024 

 
Vuthea MIN 

 

 

SIIT, Thammasat University, 

Thailand, and 
Hokkaido University, Japan 

Assoc. Prof. Dr. Kriengsak 

PANUWATWANICH 

 
 

SIIT, Thammasat University, 

Thailand 

Assoc. Prof. Dr. Koji 

MATSUMOTO 

 
 

Hokkaido University, Japan 
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BEST WORST METHOD ASSESSMENT FORM  

 

Part I: Background Information  

 

Note: Respondents are expected to have a minimum of approximately 10 years experience in building 

construction management.  

 

Please provide the necessary information. 

 

1.1)  Country where your company is located (i.e., Cambodia or Thailand)

_____________________

 

1.2)  Your current position within your company:

_____________________

 

1.3)  Your highest level of education (e.g. master’s degree in construction management):  

_____________________

1.4)  Your years of experience in the construction industry: 

_____________________

1.5)  Your professional qualification (e.g. Professional Engineer (PE))  

_____________________

Part II: Comparing the Effect Level Among the Attributes/ Factors on the Better Performance of 

Construction Waste Management  

Construction Waste Management (CWM) is defined as the application of knowledge, skills, tools and 

techniques to construction activities to minimize construction waste (CW). There are five “main factors” 

could affect contractor’s CWM at construction site, namely Governance and policy (GP), Material and 

equipment (ME), Requirements and specifications (RS), Construction information system (CIS), and Waste 

collection facilities (WCF). Each factor consists of several attributes as listed detailed below.  

 

A) ATTRIBUTES  

Governance and policy (GP) 

2.1. Governance and policy (GP) is a factor that could contribute to the Better Performance of CWM. This 

factor consists of 8 attributes. To the best of your knowledge and experience, which is the MOST and 

the LEAST important attribute? Please select (X) one attribute as the MOST important and one 

attribute as the LEAST important. 
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Code Main criteria/ attribute 

M
o

st
 

im
p

o
rt

an
t 

L
ea

st
 

im
p

o
rt

an
t 

GP1 Properly following a WM plan    

GP2 Supervision of WM activities with clear instructions    

GP3 Establishment of a strict CWM policy within the company (including the CWM system)    

GP4 Implementing an effective organizational structure for WM    

GP5 Monitoring and auditing waste management systems periodically (e.g., every 3 months)    

GP6 Establishment of an appropriate WM plan in the earlier stage of each construction 

project  

  

GP7 Senior management’s commitment to implementing waste management (WM) practices    

GP9 Including subcontractor responsibilities for WM targets in the contract    

 

2.2. You have selected X as the most important attribute. Please compare the importance of this attribute 

over the other attributes by using 1 to 9 measurement scale (1 shows equal importance and 9 means it 

is extremely more important.  

Note: 

1: Equal importance 

3: Moderately more important 

5: Strongly more important  

7: Very strongly more important 

9: Extremely more important 

2,4,6,8: Intermediate values 

 

  

 

 

 GP1: Properly following a WM plan  

 GP2: Supervision of WM activities with clear instructions  

 GP3: Establishment of a strict CWM policy within the company (including the CWM system)  

 GP4: Implementing an effective organizational structure for WM  

 GP5: Monitoring and auditing waste management systems periodically (e.g., every 3 months)  

 GP6: Establishment of an appropriate WM plan in the earlier stage of each construction project  

 GP7: Senior management's commitment to implementing waste management (WM) practices  

 GP9: Including subcontractor responsibilities for WM targets in the contract  

 

2.3. You have selected X as the LEAST important attribute. Please compare the importance of the other 

attributes over this least important attribute by using 1 to 9 measurement scale.  

  

 

 

GP1: Properly following a WM plan   

GP2: Supervision of WM activities with clear instructions   

GP3: Establishment of a strict CWM policy within the company (including the CWM system)   

GP4: Implementing an effective organizational structure for WM   

GP5: Monitoring and auditing waste management systems periodically (e.g., every 3 months)   

GP6: Establishment of an appropriate WM plan in the earlier stage of each construction 

project  

 

GP7: Senior management's commitment to implementing waste management (WM) practices   

GP9: Including subcontractor responsibilities for WM targets in the contract   

 

Criteria  
Least important  

Most important  
Criteria  
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Material and equipment (ME) 

2.4. Material and equipment (ME) is a factor that could contribute to the Better Performance of CWM. This 

factor consists of 8 attributes. To the best of your knowledge and experience, which is the MOST and 

the LEAST important attribute? Please select (X) one attribute as the MOST important and one 

attribute as the LEAST important. 

Code Main criteria/ attribute 

M
o

st
 

im
p

o
rt

an
t 

L
ea

st
 

im
p

o
rt

an
t 

ME1 Precise on-site material control (e.g., inspecting the materials when they arrive, etc.)   

ME2 Adequate protection of material transportation and handling (loading and unloading)   

ME3 Adequate protection of different categories of materials during storing and stacking   

ME4 High level of security at the project site (i.e., prevent theft and loss of materials)   

ME5 Adopting Just in Time delivery (JIT) system   

ME6 Precise material purchasing (i.e., preventing order errors, right sizes and quantities)   

ME7 Using quality, durable, and standardized materials (i.e., according to specification)   

ME8 On-time and accurate quantification of materials/bills of quantities   

 

2.5. You have selected X as the most important attribute. Please compare the importance of this attribute 

over the other attributes by using 1 to 9 measurement scale.  

  

 

 

 ME1: Precise on-site material control (e.g., inspecting the materials when they arrive, etc.) 

 ME2: Adequate protection of material transportation and handling (loading and unloading) 

 ME3: Adequate protection of different categories of materials during storing and stacking 

 ME4: High level of security at the project site (i.e., prevent theft and loss of materials) 

 ME5: Adopting Just in Time delivery (JIT) system 

 ME6: Precise material purchasing (i.e., preventing order errors, right sizes and quantities) 

 ME7: Using quality, durable, and standardized materials (i.e., according to specification) 

 ME8: On-time and accurate quantification of materials/bills of quantities 

 

2.6. You have selected X as the LEAST important attribute. Please compare the importance of the other 

attributes over this least important attribute by using 1 to 9 measurement scale.  

  

 

 

ME1: Precise on-site material control (e.g., inspecting the materials when they arrive, etc.)  

ME2: Adequate protection of material transportation and handling (loading and unloading)  

ME3: Adequate protection of different categories of materials during storing and stacking  

ME4: High level of security at the project site (i.e., prevent theft and loss of materials)  

ME5: Adopting Just in Time delivery (JIT) system  

ME6: Precise material purchasing (i.e., preventing order errors, right sizes and quantities)  

ME7: Using quality, durable, and standardized materials (i.e., according to specification)  

ME8: On-time and accurate quantification of materials/bills of quantities  

 

Criteria  

Least important  

Most important  

Criteria  
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Requirements and specifications (RS) 

2.7. Requirements and specifications (RS) is a factor that could contribute to the Better Performance of 

CWM. This factor consists of 4 attributes. To the best of your knowledge and experience, which is the 

MOST and the LEAST important attribute? Please select (X) one attribute as the MOST important 

and one attribute as the LEAST important. 

Code Main criteria/ attribute 
Most 

important 

Least 

important 

RS1 Minimizing design changes during construction   

RS2 Minimizing variation orders (VO)   

RS3 Detailed study and thorough understanding of specifications and drawings   

RS4 Implementing proper method statement for each activity, including minimizing 

waste from application processes 

  

 

2.8. You have selected X as the most important attribute. Please compare the importance of this attribute 

over the other attributes by using 1 to 9 measurement scale.  

  

 

 

 RS1: Minimizing design changes during construction 

 RS2: Minimizing variation orders (VO) 

 RS3: Detailed study and thorough understanding of specifications and drawings 

 RS4: Implementing proper method statement for each activity, including minimizing waste 

from application processes 

 

2.9. You have selected X as the LEAST important attribute. Please compare the importance of the other 

attributes over this least important attribute by using 1 to 9 measurement scale.  

  

 

 

RS1: Minimizing design changes during construction  

RS2: Minimizing variation orders (VO)  

RS3: Detailed study and thorough understanding of specifications and drawings  

RS4: Implementing proper method statement for each activity, including minimizing waste 

from application processes 

 

 

Construction information system (CIS) 

2.10. Construction information system (CIS) is a factor that could contribute to the Better Performance of 

CWM. This factor consists of 4 attributes. To the best of your knowledge and experience, which is the 

MOST and the LEAST important attribute? Please select (X) one attribute as the MOST important 

and one attribute as the LEAST important. 

 

Criteria  
Least important  

Most important  

Criteria  
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Code Main criteria/ attribute 
Most 

important 

Least 

important 

CIS1 Utilizing Building Information Modeling (BIM) for the project and be familiar 

with its application 

  

CIS2 Utilizing other related information technologies for the project and be familiar 

with their application 

  

CIS3 Professional quality management and certification (e.g., ISO, GREEN, etc.)   

CIS4 Keeping lessons learned repository about CWM   

 

2.11. You have selected X as the most important attribute. Please compare the importance of this attribute 

over the other attributes by using 1 to 9 measurement scale.  

  

 

 

 CIS1: Utilizing Building Information Modeling (BIM) for the project and be familiar with 

its application 

 CIS2: Utilizing other related information technologies for the project and be familiar with 

their application 

 CIS3: Professional quality management and certification (e.g., ISO, GREEN, etc.) 

 CIS4: Keeping lessons learned repository about CWM 

 

2.12. You have selected X as the LEAST important attribute. Please compare the importance of the other 

attributes over this least important attribute by using 1 to 9 measurement scale.  

  

 

 

CIS1: Utilizing Building Information Modeling (BIM) for the project and be familiar with 

its application 

 

CIS2: Utilizing other related information technologies for the project and be familiar with 

their application 

 

CIS3: Professional quality management and certification (e.g., ISO, GREEN, etc.)  

CIS4: Keeping lessons learned repository about CWM  

 

Waste collection facilities (WCF) 

2.13. Waste collection facilities (WCF) is a factor that could contribute to the Better Performance of CWM. 

This factor consists of 3 attributes. To the best of your knowledge and experience, which is the MOST 

and the LEAST important attribute? Please select (X) one attribute as the MOST important and one 

attribute as the LEAST important. 

Code Main criteria/ attribute 
Most 

important 

Least 

important 

WCF1 Bins are installed on every floor   

WCF2 Storing construction waste in easily accessible areas   

WCF3 Setting up separated bins according to the waste type and sort out waste at the 

site 

  

 

Criteria  
Least important  

Most important  

Criteria  
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2.14. You have selected X as the most important attribute. Please compare the importance of this attribute 

over the other attributes by using 1 to 9 measurement scale.  

  

 

 

 WCF1: Bins are installed on every floor 

 WCF2: Storing construction waste in easily accessible areas 

 WCF3: Setting up separated bins according to the waste type and sort out waste at the site 

2.15. You have selected X as the LEAST important attribute. Please compare the importance of the other 

attributes over this least important attribute by using 1 to 9 measurement scale.  

  

 

 

WCF1: Bins are installed on every floor  

WCF2: Storing construction waste in easily accessible areas  

WCF3: Setting up separated bins according to the waste type and sort out waste at the site  

 

B) MAIN FACTORS 

2.16. There are 5 “main factors” as detailed above, could affect contractor’s CWM at construction site. 

To the best of your knowledge and experience, what is the MOST and the LEAST important factor? 

Please select (X) one factor as the MOST important and one factor as the LEAST important. 

Code Main criteria/ attribute 
Most 

important 

Least 

important 

GP Governance and policy    

ME Material and equipment    

RS Requirements and specifications    

CIS Construction information system   

WCF Waste collection facilities    

 

2.17. You have selected X as the most important factor. Please compare the importance of this factor over 

the other factors by using 1 to 9 measurement scale.  
  

 

 

 GP: Governance and policy  

 ME: Material and equipment  

 RS: Requirements and specifications 

 CIS: Construction information system 

 WCF: Waste collection facilities 

 

2.18. You have selected X as the LEAST important factor. Please compare the importance of the other 

factors over the least important factor by using 1 to 9 measurement scale.  

Criteria  
Least important  

Most important  

Criteria  

Most important  

Criteria  
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GP: Governance and policy   

ME: Material and equipment   

RS: Requirements and specifications  

CIS: Construction information system  

WCF: Waste collection facilities  

 

Part III: Defining the maturity levels for this study 

Five maturity levels were defined and refined with score ranges derived from a literature review for the 

development of the maturity model in this study. To facilitate a deeper understanding, we assess an attribute 

called “setting up separated bins according to the waste type and sort out waste at the site” as follows: 

• Level 1/ Initial (Bellow 1.5): Processes are unstructured and unpredictable. Performance is at the 

foundational stage. 

Example: Your company has no plan and practice for “Setting up separated bins according to the 

waste type and sort out waste at the site”. There are no bins at any project sites. 

• Level 2/ Developing (1.5-2.5): Some processes may exist, but they are typically ad-hoc. Performance 

is emerging but inconsistent. 

Example: Your company does not have a clear plan and practice for “Setting up separated bins 

according to the waste type and sort out waste at the site”. Instead of using separate bins, a single bin 

is used to collect and mix all CW at each project site. 

• Level 3/ Reactive (2.5-3.5): Formal processes are in place with a reactive approach. Performance is 

generally consistent. 

Example: Your company has a formal defined plan and practice for “Setting up separated bins 

according to the waste type and sort out waste at the site”. Separate bins are set up at project sites, but 

only about 50% of the project sites implement this practice. 

• Level 4/ Proactive (3.5-4.5): Well-defined processes and plans with proactive approach. Performance 

is consistently strong. 

Example: Your company has a formal well-defined plan and practice for “Setting up separated bins 

according to the waste type and sort out waste at the site”. Separate bins are used to collect and sort all 

CW. Most projects are implementing this practice. 

• Level 5/ Optimizing (4.5 or above): Processes are optimized and integrated across the organization 

with continuously improving. Performance is exemplary.  

Example: Your company has a standardized plan and practice for “Setting up separated bins according 

to the waste type and sort out waste at the site”. The setting up of separate bins is strictly implemented 

at all project sites.  

To the best of your knowledge and experience, please rate (✔) the level of agreement on definition of 5 

maturity levels.  

☐ Strongly disagree  ☐ Disagree  ☐ Neutral                   ☐ Agree  ☐ Strongly agree   

 

Please comment for refinement (if disagree or neutral):  

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

Criteria  
Least important  
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Further comment or question (if any):  

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

 

Thank you very much for your valuable time in answering this questionnaire!  
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APPENDIX 7 

GUIDING QUESTIONS FOR EXPERT FEEDBACK ON CW3M MODEL 

IMPLEMENTATION AND VALIDATION 

 

 

 



 

 

 
 

EXPERT FEEDBACK INTERVIEW 

 Maturity model for the assessment of construction waste management 

(CW3M)  

 
Dear Sir/ Madam, 

I would like to seek your input in completing expert feedback interview that is part of double Ph.D. degree 

research that seeks to improve construction waste management (CWM). This double Ph.D. degree research 

is sponsored by the AUN/SEED-Net Collaborative Education Program (CEP) under the supervision of 

Assoc. Prof. Dr. Kriengsak PANUWATWANICH (at Sirindhorn International Institute of Technology, 

Thammasat University) and Assoc. Prof. Dr. Koji MATSUMOTO (at Hokkaido University). 

About this interview 

The aim of this expert feedback interview is to gather feedback from experts on the use of the maturity 

model for assessing construction waste management (CW3M). You have been identified as an expert 

working as a contractor with expertise that can provide valuable input to this study. 

Confidentiality 

The information will be used for academic purposes only. All information collected will be stored securely, 

and you will not be identified at any point in this research. Any reporting or summaries derived from the 

data will be presented in an aggregated form, without any individual identification or specific answers. 

Interview structure 

We will provide you with the CW3M model to use in assessing your company’s CWM performance over 

a period of time. Afterward, we will conduct an interview with you, structured around a set of questions 

contained on one page and divided into two main parts. Part I: Your background and your company. Part 

II: Expert feedback on the developed model, where we will ask for your insights on whether the CW3M 

model works effectively after your use. 

Duration of the interview 

The interview will take approximately 30 minutes to complete, and we can schedule it at any time between 

13th - 20th August 2024. 

The research team would be most grateful for your time and consideration in contributing to this research. 

Please direct any inquiries about this research to: 

Mr. Vuthea MIN (Doctoral Researcher), Email: minvuthea@gmail.com, Cell No.: +66-905909078 
 
Thank you and best regards, 

13th August 2024 

 
Vuthea MIN 

 

 

SIIT, Thammasat University, 

Thailand, and 
Hokkaido University, Japan 

Assoc. Prof. Dr. Kriengsak 

PANUWATWANICH 

 
 

SIIT, Thammasat University, 

Thailand 

Assoc. Prof. Dr. Koji 

MATSUMOTO 

 
 

Hokkaido University, Japan 
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EXPERT FEEDBACK INTERVIEW ON DEVELOPED MODEL 

 

Part I: Background Information  

 

Note: Experts are expected to have a minimum of approximately 5 years of experience in building 

construction management and are currently working as a contractor.  

 

Please provide the necessary information. 

 

1.1)  Country where your company is located (i.e., Cambodia or Thailand)

_____________________

 

1.2)  Your current position within your company:

_____________________

 

1.3)  Your highest level of education (e.g. master’s degree in construction management):  

_____________________

1.4)  Your years of experience in the construction industry: 

_____________________ 

 

1.5) Your current type of building project (e.g. residential building, commercial building etc.): 

_____________________ 

 

1.6)  Number of employees in your company:  

_____________________ 

 

 

Part II: Expert feedback on developed model   

After using the CW3M maturity model, please select the relative score for each feedback aspect below to 

indicate your level of satisfaction, with 1 representing “Poor”, 2 “Average”, 3 “Good”, 4 “Very Good”, and 

5 “Excellent”. 

 

Feedback Aspects 
Scoring  

1 2 3 4 5 

1. Degree of appropriateness  ☐ ☐ ☐ ☐ ☐ 

2. Degree of objectivity  ☐ ☐ ☐ ☐ ☐ 

3. Degree of replicability  ☐ ☐ ☐ ☐ ☐ 

4. Degree of practicality  ☐ ☐ ☐ ☐ ☐ 

5. Overall reliability  ☐ ☐ ☐ ☐ ☐ 

6. Overall suitability for CWM for contractors in building construction  ☐ ☐ ☐ ☐ ☐ 

 

Further comment or question (if any):  

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

 

Thank you very much for your valuable time in allowing us to interview you! 
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