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1. Introduction 

 Over the past two decades, environmental concerns have escalated, urging prompt attention and mitigation efforts 

in Malaysia. The management of material waste at construction sites significantly impacts project costs and the 

environment, necessitating innovative waste reduction methods by contractors (Mohammed et al., 2020). This study 

addresses the scarcity of waste management expertise, emphasizing the risk of improper solid waste handling. 

Unauthorized dumping practices linked to Malaysia's construction sector highlight the immediate need for effective 

construction waste management (Amalyn et al., 2023). Malaysia's construction industry has consistently 

underperformed, facing challenges such as project delays, cost overruns, and subpar quality. Reports from the 
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Malaysian Construction Industry Development Board (CIDB) indicate the sector's failure to meet the country's Gross 

Domestic Product (GDP) expectations (Nawi et al., 2023). The Industrial Building System (IBS) exhibits the potential 

to improve quality, safety, cost-effectiveness, productivity, and material waste reduction in construction sites (Mohsen 

et al., 2021). However, its limited adoption and reliance on foreign workers lacking the necessary skills hinder its 

integration into Malaysian construction sites (Nawi et al.,2015). 

 Despite being acknowledged as a means to enhance construction performance, the Industrialized Building System 

(IBS) faces low adoption rates and challenges in Malaysia's construction industry. Integrating technology with IBS is 

recognized as a pathway to achieve better project quality and efficient communication among stakeholders  (Sio & 

Ming ., 2021). While Building Information Modelling (BIM) integration with stakeholders offers comprehensive data 

collection, its application in construction waste management requires deeper exploration (Basheer et al., 2021). The 

incorporation of BIM and other material management technologies can potentially elevate productivity in the 

construction sector (Rahim, et al., 2017). However, resistance, lack of standardization, high costs, and training 

requirements hinder their adoption in construction sites (Yap, 2022; Hatoum & Nassereddine 2020). 

 In Malaysia, the construction industry grapples with inefficient construction waste management, resulting in 

significant environmental and economic impacts. Despite contributing to global energy consumption and emissions, the 

adoption of green technology in Malaysia remains nascent (Jaffar, 2022). Similarly, the utilization of the Green 

Building Index (GBI) strategy to address construction waste faces limitations, warranting an investigation into its 

adoption factors and potential benefits. Material management in developing nations, including Malaysia, lacks clarity, 

necessitating further research to enhance construction waste management (Rahim et al., 2017). While technology in 

construction offers connectivity and efficiency, challenges including resistance, lack of standards, and high costs 

impede its widespread adoption (Yap, 2022; Hatoum & Nassereddine 2020). Efforts to overcome barriers and promote 

technological adoption in construction sites remain pivotal for the industry's advancement. 

 

2. Literature Review  

The existing body of knowledge among the previous researcher’s review could be explored and distinguished with 

such effective implementation in terms of waste reduction by implementing materials in construction sites among the 

initiatives managing and formulated use in the developed countries. Nurzalikha et al. (2015) stated that numerous 

nations have additionally considered the appropriate site management and location that utilize reusing and recycling for 

the generated waste produced during construction activities. They add that any condition has to be recycled and reused 

within any guidelines to secure the material's losses according to the environmental regulations and safety practices. 

Malaysia needs such a comprehensive waste management system to limit the quantity of waste by upcoming time due 

to the expansion of lifestyle standards and development, the growth of construction demand, and the increase and the 

amount of material loss (Alaloul et al., 2021). The population has positively contributed to the increase in generated 

waste (Mohd Hilmi & Narimah Kasim, 2017).  

In the construction industry, such a crucial part plays an essential factor with rapid effect in most countries toward 

economic growth as well for Malaysian BIM technologies played a new-fangled implementation, playing a foremost 

part in enlightening the construction management setting.  BIM implementation in the construction industry helps to 

reduce waste and also reliefs in releasing the potential for the process as Rajendran et al. (2014) declared that one of the 

main factors that negatively contribute to the development of construction firms is the piece of material components 

which spend without consideration as its lead to wasting challenges of materials which cause delay to the project 

among the estimated time then expenditure exceeding the budget of the project.  

As stated by Veerasanai & Alias (2020) mentioned that the development of any nation strongly affects monetary 

development; aside from the daily lives of citizens’ activities that serve the development of any country, business 

action fills in as a fundamental contribution to the exhibition of different segments in the nation. Manoharan et al. 

(2020) declared that the development of construction projects is hugely in conjunction with the Malaysian Plan 2020 

according to the roles that have become vital toward the growth and that roles played increasingly with a crucial 

enhancement for the status of development that battled to accomplish the target that has been planned initially to be 

accomplished in the year 2020. The development in the construction industry is imperative to increase with a vital 

improvement in the side of economic development, which is still expanding with both infrastructure and construction 

industry demand that are seeking development and improvement with essential to the environments and sustainability 

as well to the human life concern on the earth (Umar, Shafiq, & Isa, 2018). 

 Zhang et al. (2014) developed in their research to cope with as pressure of environmental change among human 

change, land use, and economic growth movement, development in construction aspects are in demand for more 

improvement, which blasting in numerous nation’s thought and priority. Hasmori et al. (2020) Expressed that the 

unused components of construction materials that come as a result of the construction activities either during the pre-

construction or construction stage, even post-construction, despite such commitments and contributions with rapid 

development are considered such as a serious issue that faced within the increase of the materials waste in a 

construction site (Saadi et al.,2016).  
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2.1 Technological Approach in the Construction Sector 

Low waste technologies (LWTs) represent a foundational strategy in Construction Waste Management (CWM) 

within the construction industry. Employing LWTs during construction optimizes resource consumption, substantially 

curbing waste production, and acknowledges their significant impact on global environmental consequences. The 

construction sector's utilization of nearly 40% of Earth's extracted raw materials and contribution of close to 50% of 

global carbon emissions highlight the urgency for waste reduction emissions (Bonoli et al., 2021). Termed 'soft 

technologies,' these innovations aid project managers in enhancing operational efficiency during construction, thereby 

minimizing Construction Waste (CW) generation (Martínez-Rojas et al., 2016). LWTs facilitate improved 

coordination, collaboration, and data exchange among stakeholders involved in construction processes, encompassing 

data sharing, device performance, and archival practices (Zhang & Ng, 2012; Martínez-Rojas et al., 2016). For 

instance, Building Information Modeling (BIM), a prevalent information system in construction and engineering, 

integrates extensive datasets, including geometry and resources. This integration, aligned with project timelines, 

enables efficient planning, ensuring Just-In-Time delivery of resources and manpower (Won & Cheng, 2017). RFID 

technology stands as another illustration, streamlining material handling on construction sites, reducing human errors, 

and minimizing CW generation (Nur Shabudin & Taib, 2021). The incorporation of advanced machinery and tools at 

construction sites is becoming increasingly common, promoting efficient CWM practices that enhance quality, safety, 

and performance, and expedite construction timelines (Tam et al., 2015; Pan et al., 2018). An innovative formwork 

system utilizing prefabricated steel is another frequently employed technique. Offering consistent surfaces and 

enhanced durability compared to traditional timber-based formwork, it reduces material and labour requirements, 

mitigating issues related to stepped joints and irregular surfaces (Tam et al., 2015 

 

2.2 Material Waste Mitigation Utilizing the 3R Approach 

The increasing incidence of illicit dumping associated with construction endeavours in Malaysia underscores the 

pressing need for comprehensive management of construction waste in the country (Osman, Nasrun et al., 2017). 

However, it is noteworthy that there is currently a lack of a well-defined set of criteria for construction waste 

management, particularly within developing nations. The incorporation of 3R's methodologies, namely Reduction, 

Reuse, and Recycling, into the domain of materials management. Furthermore, it examines the potential applicability of 

these 3R principles across various industries, including the construction sector (Osman, Nasrun et al., 2017; Musa 

Mohammed et al., 2022). Musa et al. (2022) state that (the 3R) practice normally specifies the action for each type of 

waste, while (Azman & Yaacob, 2017) in their finding defined 3R practice in the construction site as responsibilities 

that all parties involved in the site have to consider as important action to follow during construction workplace. 

Reusing construction materials can effectively reduce waste generation in construction processes while also improving 

site management due to waste reduction (Sila, 2021). The recycling of construction waste holds the potential to 

efficiently reintegrate valuable resources into the production cycle, consequently mitigating waste treatment expenses 

before disposal (Tan et al., 2017). Furthermore, this practice not only aligns with environmental conservation 

objectives but also contributes to reducing the strain on land resources designated for material waste disposal. 

Therefore, the construction industry should focus on the 3R approach to ensure adherence and improve construction 

site performance. 

 

2.3 Material Waste Mitigation Utilizing BIM 

Building Information Modelling (BIM), functioning as a digital technology platform, presents auspicious avenues 

for enhancing the widespread implementation of waste management strategiess (Erol & Dikmen, 2023). In recent years, 

BIM has been widely regarded as a game-changing innovation in the building sector. The abbreviation term BIM is the 

acronym for "building information modelling," which is a set of technologies and related works that are used to define 

and manage the information needed and created throughout the building design, construction, and operation processes 

(Hameed et al., 2022).  

Manzoor et al. (2021) mentioned BIM technology positively ensures that project personnel are communicating and 

working together to speed up the projects and contribute to maximizing the material waste while decreasing the costs 

and boosting the sustainability of the project. It is evident from the work of past academics and experts in the field that 

BIM technology can boost project efficiency, reduce mistakes, and save both time and cost (Al-ashmori et al., 2020).  

High performance in construction is attainable because of BIM's adaptability to a variety of management 

procedures and studies, which include both the operational and financial aspects of a project (Doumbouya, Gao, & 

Guan, 2016). Low productivity, little technical innovation, minimal automation, and computerization are described 

in the construction business as a study by Aitbayeva, (2020) stated that Advanced technologies like BIM can boost 

efficiency, cut down on expenses, and speed up the completion of construction projects while similarly research by 

Tiffany et al., (2019) indicated that, BIM has been gaining some traction in Singapore's construction sector as a way to 

more effectively coordinate stakeholders in the process, boost site performance, and cut down on rework. The value of 

building information modelling (BIM) to the construction industry's development and efficiency has been widely 

acknowledged. 
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2.4 Material Waste Mitigation Utilizing IBS 

The Industrialized Building System (IBS) has gained acknowledgement as a practical approach for enhancing 

overall construction performance concerning quality, cost-effectiveness, safety and health standards, waste reduction, 

and productivity. In Malaysia, the construction industry is regarded as a significant contributor to the nation's 

development (Awag et al., 2023). According to the Construction Industry Development Board Malaysia (CIDB), IBS is 

described as the method of producing construction components within a controlled environment, then positioning, 

transporting, and assembling them into a structure with minimal additional on-site activities (Algumaei & Sarpin, 

2022).  

To enhance the performance of the construction sector, innovative approaches have been introduced to enhance its 

efficiency. Among the prominent methods being employed and researched are Industrialized Building Systems (IBS) 

and prefabrication construction techniques (Razak et al., 2022). The utilization of (IBS) technology, which emphasizes 

off-site prefabrication and modularization, not only leads to a substantial decrease in environmental harm but also 

results in substantial productivity improvements, reduced labour demands, and enhanced working conditions. IBS 

technology has now become a widespread and expanding construction method in both developed and developing 

nations (Rofdzi et al., 2018).  

 

2.5 Material Waste Mitigation Utilizing GBI  

Malaysia introduced the Green Building Index (GBI) to support the National Association of Homebuilders 

(NAHB) in advancing sustainable development through the application of Green Building Guidelines for residential 

structures (Chin Yee Ha et al., 2023). The technique that has been suggested is much more accurate than an evaluation 

process that exclusively concentrates on the decrease of energy usage. The GBI rating tool allows land owners and 

builders to plan and establish environmentally friendly and sustainable buildings that can provide resource productivity, 

emission reduction, healthy indoor surroundings, maintain high standards for public transportation, and the application 

resource recovery and green space for their developments, thereby reducing the negative implication that their projects 

have on the environment (Liew, 2012). 

As the green building idea is relatively new to Malaysia and requires innovative materials, it is challenging 

for developers, contractors, and subcontractors to obtain all of the necessary materials and technologies for the 

construction of green construction (Chin, Ismail, & Jing, 2020). It has been shown that green practices and techniques 

in the construction sector significantly benefit the environment. Green building has been characterized as the current 

trend in environmental protection. However, various advantages and obstacles are drawing and restraining 

the developers from using and implementing GBI in their projects. There are substantial differences in values produced 

from the green construction index, which comprise reducing, reusing, and recycling material waste in construction sites 

(Oyenuga & Bhamidimarri, 2015). This concept appeared to optimize energy conservation, conservation of natural 

resources, and waste reduction. Considered to be the most conventional method for lowering the amount of 

construction waste that is diverted to landfills, the value of wastes discovered by decreasing material waste includes 

strategies, recognition programs, sufficient capital and support for the implementation. 

 

2.6 Material Waste Mitigation Utilizing MMA 

The strategy for obtaining the requisite performance in construction projects, known as site management, became 

more widely accepted. This is due to a realization that appropriate site management is necessary for achieving 

performance (Tan et al., 2017); Sin et al., (2013). One of the most important criteria for improving waste reduction is 

to increase on-site material reuse (Ajayi et al., 2016).  

A study by  Mousa & Othman (2019), Particularly where resource management and contact factors methods 

highlights the significance of cultivating a workforce engaged in environmental concerns, which may enhance 

performance effectively promoting green culture relies on cooperation, workforce training, assessment and evaluation 

of environmental objectives, and corporate culture and competitive performance to enhance construction site 

performance. Minimizing costly materials usually positively enhances construction site performance from quality 

assurance and economic perspectives (Omeje, Okereke, & Chukwu, 2020). At the same time, site performance is 

enhanced positively by estimation, budgeting, planning, and monitoring materials in the site workplace (Alaloul, Liew, 

Amila, & Abdullah, 2016); (Chowdhury et al., 2019). 

Jusoh & Kasim, (2016) stated that scheduling of materials through material management provides an overview of 

the time-related work required to finish the project. They add that material management positively affects material 

handling and transport on the construction site. Besides, quality assurance is one material management that affects the 

construction site's cost, time, and quality performance. Another study by (Oseghale et al., 2021) developed that 

receiving and inspection are the material management indicators that enable store managers to organize and plan for 

clearances of materials on site. (Jusoh & Kasim, 2016) ; (Kumar, 2018); and (Rathod, 2019), in their study regard to 

construction site management, stated that inventory control, storage, and warehousing are essential for construction site 

performance. 
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Site communication is one material management indicator that provides sufficient information between all parties. 

It was shown to impact building site performance significantly (Oseghale et al., 2021). Project teams with different 

values and interests. Effective collaboration and communication between all stakeholders are essential, given the nature 

of the work (Setiawan, Hansen, & Fujino, 2021). Besides, Abdul Majid et al. ( 2015), Crawford (2017), Gamil (2020) 

in their finding they mentioned that value engineering is one of the material management aspects with higher 

specifications and less cost for construction site management. 

 

2.7 Hypotheses and Conceptual Framework 

The model illustrating the paper's framework is depicted in Figure 1. To accomplish the paper's objectives, five 

primary hypotheses have been formulated, outlined below: 

 

H1: There is a significant relationship between Technology and management practice utilising “Reduce, Reuse and 

Recycle” (3R) as material waste mitigation and Construction Site Performance CSP. 

H2: There is a significant relationship between Technology and management practice utilising “Building Information 

Modelling (BIM) as material waste mitigation and Construction Site Performance CSP.  

H3: There is a significant relationship between Technology and management practice utilising “Industrial Building 

Systems” (IBS) as material waste mitigation and Construction Site Performance CSP. 

H4: There is a significant relationship between Technology and management practice utilising the “Green Building 

Index” (GBI) as material waste mitigation and Construction Site Performance CSP  

H5: There is a significant relationship between Technology and management practice utilising Material Management 

Adoption as material waste mitigation and Construction Site Performance CSP. 

 

 

Fig. 1 - Conceptual framework 

 

3. Research Methodology 

The research aims to explore the utilization of technology and management practices for material waste mitigation 

in enhancing site performance within the Malaysian construction industry. Proficiency in technology management, 

communication, and material implementation is pivotal for successfully integrating the 3R approach, along with BIM, 

IBS, GBI, and MMA. These methods enable the establishment of on-site waste sorting campaigns and continuous 

monitoring of waste generation during material commissioning at construction sites. Quantitative data were collected 

through a questionnaire survey distributed among key industry stakeholders, including project managers, architects, 
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contractors, engineers, and quantity surveyors. This participant selection was derived from comprehensive data 

provided by the Construction Industry Development Board (CIDB) for 2021. Utilizing a five-point Likert scale (1= 

Strongly Disagree, 2= Disagree, 3= Neither Agree nor Disagree, 4= Agree, 5= Strongly Agree), respondents evaluated 

material waste mitigation techniques, drawing insights from previous research (Ajayi & Oyedele, 2018). The survey 

primarily focused on factors aligned with the 3R approach, emphasizing the reduction of on-site materials to effectively 

manage construction waste, supported by prior studies (Asadi & Kone, 2018; Mohammed et al. 2021; Sila, 2021). 

Similarly, measurements assessing BIM usage were adapted from previous works, highlighting its potential in 

managing waste uncertainties in construction projects (Liu et al. 2016; Acquah et al. 2018; Tam et al. 2021; Hosny, 

Ibrahim, & Nabil, 2023). Moreover, the study incorporated measurements associated with IBS technology adoption for 

waste mitigation and the improvement of construction performance, sourced from relevant studies showcasing the 

efficacy of IBS in construction (Algburi & Faieza 2018; Turkyilmaz et al. 2019; Azira et al. 2020). The questionnaire 

also addressed GBI's strategy to enhance environmental measures on the construction site. Malaysia introduced the 

Green Building Index (GBI) to support the National Association of Homebuilders (NAHB) in advancing sustainable 

development through the application of Green Building Guidelines for residential structures (Chin et al., 2020). 

The participants representing various roles within the Malaysian construction sector were identified from CIDB 

records for 2021, revealing 131,121 registered contractors across different grades and 355,591 individuals engaged as 

construction personnel. With a targeted sample size of n = 384 from a population of N = 495,609, the study received 

327 responses, accounting for 85% of the anticipated sample size. The data collection involved an online survey 

targeting construction personnel in Malaysia, resulting in 295 valid responses for hypothesis validation. The data 

analysis utilized Statistical Package for Social Sciences (SPSS) 25.0 and Structural Equation Model/Partial Least 

Squares (PLS-SEM), notably SmartPLS version 3.7.9 (Stein et al. 2017; Sekaran & Bougie, 2016). PLS-SEM 

facilitated the assessment of the conceptual framework and study hypotheses, enabling the extraction of conclusive 

findings. 

 

4.  Data Analysis  

This study explores how technology and management adoption address material waste challenges and improve 

Construction Site Performance in Malaysia. Investigating five hypotheses, the focus is on discussing test outcomes, 

drawing from prior research, and highlighting the role of technological and managerial strategies in enhancing 

Construction Site Performance within the Malaysian construction industry. 

 

Convergent Validity 

Convergent Validity (CV) assesses how well items capture underlying components and their correlation with 

similar constructs (Usakli & Kucukergin, 2018). Evaluating CV involves scrutinizing Average Variance Extracted 

(AVE), and Composite Reliability (CR) (Hair et al., 2014; Sarstedt & Cheah, 2019). Chin (2010) suggests an AVE 

threshold of 0.50 or higher and a CR threshold of 0.70 for adequate CV. In this study, Table 1 shows AVE values 

ranging from 0.643 to 0.761, indicating robust CV for each construct. 

Table 1 - Exhibits Reflective Reliability, Loadings, and Average Variance Extracted (AVE) 

Items Loadings 

 

Cronbach's Alpha Composite 

Reliability 

AVE 

 

CSP1 0.834 0.922 0.924 0.682 

CSP2 0.819 

CSP3 0.828 

CSP4 0.810 

CSP5 0.840 

CSP6 0.837 

CSP7 0.833 

CSP8 0.872 

CSP9 0.850 

CSP10 0.814 
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CSP11 0.832 

CSP12 0.794 

CSP13 0.805 

CSP14 0.806 

CSP15 0.807 

3R1 0.826 0.948 0.956 0.670 

3R2 0.848 

3R3 0.852 

3R4 0.848 

3R5 0.876 

3R6 0.867 

3R7 0.805 

3R8 0.824 

3R9 0.807 

BIM1 0.786 0.923 0.943 0.643 

BIM2 0.788 

BIM3 0.809 

BIM4 0.798 

BIM5 0.825 

BIM6 0.807 

BIM7 0.817 

BIM8 0.847 

BIM9 0.836 

BIM10 0.818 

BIM11 0.733 

BIM12 0.747 

GBI1 0.861 0.895 0.927 0.761 

GBI2 0.886 

GBI3 0.893 

GBI4 0.848 

IBS1 0.817 0.934 0.946 0.685 

IBS2 0.834 

IBS3 0.822 

IBS4 0.798 
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IBS5 0.824 

IBS6 0.845 

IBS7 0.832 

IBS8 0.848 

MMA1 0.803 0.943 0.951 0.660 

MMA2 0.788 

MMA3 0.793 

MMA4 0.806 

MMA5 0.824 

MMA6 0.806 

MMA7 0.810 

MMA8 0.817 

MMA9 0.836 

MMA10 0.838 

 
Table 1 illustrates that the Cronbach's alpha for all variables exceeds 0.70, indicating consistency across the study 

variables (Wan et al., 2013). Additionally, the displays results of AVEs for all variables surpassing the recommended 

threshold of > 0.5, endorsing the reliability of the measurement model (Bido et al. 2019). Consequently, the overall 

reliability of the latent variables used in this study had internal consistency values ranging from 0.853 to 0.948, all 

surpassing the minimum threshold of (0.70) of the Cronbach's Alpha indicating satisfactory reliability for the study 

components. Table 1 unequivocally demonstrates this by showcasing that all indicator loadings surpass the suggested 

threshold value of 0.5, aligning with the higher levels advised by Wong, (2013) and Sarstedt & Cheah, (2019). 

 

Discriminant Validity  

Discriminant validity, according to Hamid et al., (2017), measures the extent of variation between different latent 

concepts. In this research, Usakli & Kucukergin's (2018), proposed method employs AVE to evaluate discriminant 

validity. This was achieved by comparing the square roots of AVEs to the correlations between latent variables, as 

demonstrated in Table 2 below. 

Table 2 - Correlation of Average Variance Extracted AVE (Fornell and Larcker outcome) 

Latent 

Variable  

3R BIM CSP GBI IBS MMA 

3R 0.840      

BIM 0.195 0.802     

CSP 0.558 0.490 0.826    

GBI 0.405 0.328 0.593 0.872   

IBS 0.438 0.384 0.615 0.249 0.828  

MMA 0.427 0.292 0.584 0.471 0.363 0.812 

 

In Table 2, it is evident that the significant values of each AVE item along the diagonal lines surpass the 

corresponding values in both columns and rows, thereby confirming discriminant validity by Fornell and Larcker 

(1981). 
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Coefficient of Determination (R2) 

Henseler et al. (2016) proposed the criteria of R2 levels; if the values of R2 are more than 0.67, the result indicates a 

high level, while between 0.33-0.67, the justification indicates a moderate level. Besides, if the value of R2 obtained 

ranges 0.19 to 0.33, then the level is considered as a small portion, and if the value of R2 is 0.19 or less, the evaluation 

is deemed unacceptable. Hence, as indicated in Table 3, and Figure 2, the obtained R2 values in this study are notably 

high, totaling 67.4% in explaining the variance attributed to the five exogenous latent constructs (3R, BIM, IBS, GBI, 

and MMA) concerning the endogenous construct (CSP). This value is deemed substantial, surpassing the critical 

threshold of 0.67 (Nitzl & Cepeda 2016).  

 

Table 3 - Variance Explained in the Endogenous Construct 

Latent Construct  Variance explained (R2) 

Construction Site Performance  0.674% 

 

 

Predictive Relevancy Q2and Effect size f2 

The interpretation of the effect size (f2) results aligns with the following criteria: values exceeding 0.35 are deemed 

significantly high, those falling between 0.15 and 0.35 are considered medium, values within the range of 0.02 to 0.15 

indicate a small impact, and lastly, values less than 0.02 are regarded as having no discernible impact (Hair et al., 

2019). 

 

                         (1) 

 
Table 4 depicts the effect sizes (f2) of 3R, BIM, GBI, IBS, and MMA on CSP. Specifically, 3R, BIM, and MMA 

are categorized as small, whereas GBI and IBS fall into the medium category of effect size (Hair et al., 2019).  

 

Table 4 - Effect size (f2) for the exogenous construct 

Items R2-Included R2- Excluded f2 Decision 

3R 0.674 0.652 0.067 Small 

BIM 0.674 0.650 0.076 small 

GBI 0.674 0.618 0.173 Medium 

IBS 0.674 0.601 0.225 Medium 

MMA 0.674 0.647 0.086 Small 

 

However, the following analysis focuses on predictive relevance, evaluating the structural model's ability to 

anticipate heightened relevance across individual indicators of endogenous variables. As emphasized in Table 5, the 

validation of the PLS-SEM approach hinges on the outcome, particularly the cross-validity redundancy value (Q2), 

surpassing zero, aligning with recommendations by Sarstedt et al. (2019).   

Table 5 - Predictive relevance Q2/Cross Validity redundancy 

Total            SSO          SSE                1-SSE/SSO 

Construction Site Performance 4425 2440.667                  0.448 

 

Hypothesis Testing 

The evaluation of the structural model occurs upon its completion, following the guidance of Henseler et al. 

(2016). However, in this study, the t-values stem from bootstrapping, employing 5000 sample rounds across 295 

instances or observations, under the recommendation provided by Hair and Sarstedt (2019). 
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Table 5 - Results of Hypothesis Testing 

N Relationship Original 

Sample 

Sample 

Mean 

Standard 

Deviation 

T- 

Values 

P-

Values 

Decisions 

H1 3R -> CSP 0.179 0.194 0.063 2.843 0.005 Supported  

H2 BIM -> CSP 0.178 0.177 0.066 2.706 0.007 Supported  

H3 GBI -> CSP 0.285 0.274 0.073 3.898 0.000 Supported  

H4 IBS -> CSP 0.324 0.315 0.076 4.277 0.000 Supported  

H5 MMA -> CSP 0.203 0.206 0.081 2.512 0.012 Supported  

Significant at P*<0.05; P**<0.01 

 

 
 

Fig. 2 - Structural model 

 

This study investigates the impact of 3R as an integrated CSP strategy on mitigating material waste within 

Malaysian construction sites. The findings, presented in Table 5, substantiate significant associations between 3R 

implementation and CSP enhancement. Mohammed et al. (2020) similarly emphasize the substantial influence of 

material waste on project costs and its positive environmental impact, highlighting the need for contractors to innovate 

and propose novel waste reduction methods. Additionally, Mundher & Alsamarraie (2021) underscore the significant 

role of the 3R strategy in managing construction waste, particularly steel waste. Azman, & Yaacob (2017) delineate 3R 

practices in construction sites as crucial responsibilities for all involved parties, emphasizing their pivotal role in 

shaping construction workplace actions. 

The results affirm a significant correlation between BIM implementation and CSP, as evidenced in Table 5. This 

aligns with the hypothesis, emphasizing that adopting BIM for material waste mitigation significantly and positively 

influences approaches to waste reduction on construction sites. Tanko & Zakka (2022) support this by highlighting the 

substantial presence and output of the Malaysian construction industry, attributing it to factors such as location and 

administrative advantages, with BIM-based practices notably impacting material waste minimization. Additionally, 

past studies by Al-ashmori et al. (2020) emphasize BIM's capacity to enhance project efficiency, minimize errors, and 

reduce time and costs, contributing to overall productivity improvements. Doumbouya et al. (2016) underline how 

BIM's adaptability across various management procedures in construction significantly impacts both the operational 

and financial aspects of projects, facilitating higher performance. Correspondingly, research by Tiffany et al. (2019) 

emphasizes BIM's increasing adoption in Singapore's construction sector for better stakeholder coordination, improved 

site performance, and reduced rework. 
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The third hypothesis examines the impact of GBI on CSP. The findings from Table 5 confirm a significant 

relationship between GBI and CSP, validating the hypothesis that utilizing GBI for material waste mitigation in 

Malaysian construction sites yields positive effects. This indicates an affirmative link between GBI implementation for 

waste mitigation in the Malaysian construction industry and enhanced site performance. The Malaysian government 

actively promotes the use of green building assessment tools to incentivize sustainable building development. Eisa & 

Rashid, (2022)  highlight the adoption of the green building practice across various countries to realize sustainable 

building principles. Notably, Yusoff & Zahari (2014) emphasize Malaysia's comprehensive assessment system for 

environmentally sustainable buildings, addressing critical aspects like global warming. Green building involves 

environmentally conscious and resource-efficient construction practices, spanning planning, design, construction, 

operation, maintenance, renovation, and deconstruction. Despite Malaysia's strides in adopting global green 

construction standards, the widespread utilization of green buildings remains at an early stage (Algburi & Faieza, 

2018). Initiatives like the Green Building Index (GBI) aim to bolster sustainable development, especially in residential 

structures, supported by efforts such as the National Association of Homebuilders' Green Building Guidelines (Chin 

Yee Ha et al., 2023).  However, the adoption of green building concepts in Malaysia remains relatively novel, posing 

challenges for stakeholders in acquiring requisite materials and technologies (Chin, Ismail, & Jing, 2020). Similar 

Studies have shown that integrating green construction practices significantly benefits the environment (Liew, 2012). 

The Green Building Index underscores the principles of waste reduction, reuse, and recycling in construction sites, 

reflecting the current trend in environmental protection (Oyenuga & Bhamidimarri, 2015). However, greener efforts 

must be recalibrated in terms of new strategies, the supply of essential information, management, and guidelines. 

IBS techniques exhibit a strong correlation in this study, significantly enhancing construction site performance 

through material waste mitigation within the Malaysian construction industry. The study underscores a robust 

association between IBS, utilized for waste mitigation in the Malaysian construction sector, and the resulting 

construction site performance (CSP) in Table 5. Similar research by Kamaruddin et al. (2018) and Azira et al. (2020) 

emphasizes how IBS practices in material management positively influence project performance in the construction 

industry. Other findings by Ali et al. (2018) and Jaffar & Lee (2020) highlight IBS's role in waste reduction at 

construction sites, while Algburi & Faieza (2018) note its role in minimizing timber usage. Leveraging ready-made 

materials in construction represents a modern technology that significantly enhances project efficiency and 

performance. Additionally, Affendi et al. (2017) assert that IBS implementation significantly reduces noise by 

providing pre-fabricated elements for installation. Studies by Pozin et al. (2017) emphasize IBS's benefits in reducing 

construction waste and lowering total costs, attributing its rising popularity in construction sites to decreased reliance 

on foreign labor and reduced on-site labor numbers. This suggests that IBS technology and its innovation could 

potentially emerge as highly efficient strategies for enhancing building site performance. 

The findings affirm a significant association between adopting MMA for mitigating material waste and CSP, as 

demonstrated in Table 5. This confirms the hypothesis, emphasizing that integrating MMA for waste mitigation 

significantly and positively influences waste reduction strategies on construction sites. The findings are supported by 

Jusoh & Kasim, (2016) as they highlighted that material scheduling through management offers an overview of time-

related tasks necessary for project completion, positively impacting material handling and transportation on 

construction sites. Additionally, quality assurance, within material management, significantly impacts construction site 

cost, time, and quality performance. Oseghale et al. (2021) identify receiving and inspection as material management 

indicators enabling effective organization and planning for material clearances on-site. Moreover Kumar, (2018), and 

Rathod 2019) emphasize the critical role of inventory control, storage, and warehousing in enhancing construction site 

performance within their studies on construction site management. 

 

5. Conclusion and Future Direction  

This research aims to expand knowledge on material waste mitigation in the Malaysian construction industry, 

focusing on technological and managerial practices like 3R, BIM, IBS, GBI, and MMA concerning construction site 

performance enhancement. While shedding light on crucial theoretical concepts, the study does have certain limitations. 

It effectively addresses study questions and fulfils the stated objectives, drawing insights from literature and surveys. 

The study reveals interconnectedness among 3R, BIM, IBS, GBI, and MMA techniques, establishing strong 

relationships that positively impact material waste reduction and construction site performance. However, further 

research avenues emerge from these findings. The construction industry stands to benefit from integrating material 

waste mitigation and CSP techniques to maintain competitiveness. This study centred on Malaysia's construction 

industry, aims to enrich existing literature, particularly on material management and construction site performance. The 

findings could significantly aid construction technology and innovation firms, fostering growth in Malaysia's 

construction sector. This emphasizes the need for continued exploration into innovative material management and 

construction site performance aspects in future research endeavours. Such investigations hold the potential to motivate 

the adoption of technology and management approaches, ultimately elevating various facets of construction 

performance. 
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