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Automation technology in the construction industry is the use of advanced tools,
devices, and processes that reducemanual labor and enhance efficiency in various
construction activities. Automation technology can minimize waste, optimize
resource utilization, and reduce the environmental impact of construction
processes. This study aims to examine the relationship between automation
technology adoptions (ATAs) utilizing reduce, reuse, and recycle (3R), building
information modeling (BIM), industrialized building systems (IBSs), green building
index (GBI), and Internet of Things (IoT) practices toward construction site
performance (CSP) to measure their influences on material waste mitigation
measures at Johor construction sites. To achieve these goals, five hypotheses
were developed to explore the association between ATA and CSP. Data were
gathered utilizing an online survey. The participants were contractors and expert
practitioners in the Johor construction industry, including architects, project
managers, and academicians/researchers. A total of 257 valid responses were
used to investigate the assumptions. The partial least squares structural equation
modeling (PLS-SEM) procedure was used. The findings revealed that ATA utilizing
3R, BIM, IBS, GBI, and IoT as material mitigation measures positively
enhances CSP.
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1 Introduction

Technological advancements in the construction industry offer practical solutions for
improving overall efficiency. These technologies serve as tools to enhance productivity
throughout the construction life cycle, connecting productivity, cost, and technology to drive
economic innovation and growth for the industry’s development (Chowdhury et al., 2019).
According to Edwards (2020), evidence suggests that incorporating new technology into
construction site practices consistently leads to reducing material waste. Furthermore, the
emergence of technologies for material management at the construction site has the potential
to reduce the costs connected with waste and missing objects at construction sites (Ibrahim
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et al., 2021; Shi and Xu, 2021). As a result, the Internet of Things
(IoT) tends to increase the quality of construction firms (Ghosh
et al., 2019). Smart gadgets improve stakeholder involvement by
allowing them to offer project perspectives. According to Louis and
Dunston (2018) and Dallasega (2018), using technology in the
construction sector offers a solution for satisfying client
expectations, improving execution monitoring, efficient control,
quality, cost, and time savings. In addition, real-time data
analytics are now accessible, and their use has grown to enable
fast decisions (Gamil et al., 2020). The performance of a
construction site is measured by the performance of project
attributes and functionalities (Nguyen, 2016). Lut and Takki
(2019) and Mahmud et al., 2018 stated that IoT technology
devices are incorporated into many types of equipment, and
connected sensors can monitor workers at the site and record
progress for further analysis. Concrete waste accounts for
approximately 88% of construction waste, and other sources
include waste generated from power generation, markets,
commercial enterprises, institutions, landscaping, and street
sweeping (Bakchan and Faust, 2019). The current waste
management approaches in Johor, a Malaysian state, need to be
reconsidered because some waste is being illegally dumped in Johor
(Chang & Kumar, 2021). Significant problems have arisen in
construction site management practices, specifically in the areas
of management and administration, technical and engineering, and
site communication. These problems are attributed to
communication failures between professional teams and
contractors. The combination of these failures, along with a
shortage of skilled labor and the presence of inaccurate
information, leads to inadequate planning, ineffective plant and
material management, and conflicts among the parties involved
(Oyenuga and Bhamidimarri, 2015). The strategy of reduce, reuse,
and recycle (3R) principles, emphasized in the 10th Malaysia Plan
(TMP), provides a foundation for construction waste management
(CWM) and regulations. Implementing the 3R approach has proven
to be a significant concern, aiming to reduce material waste at
construction sites and promote rapid recycling and maximum reuse
of resources (Boon et al., 2019; Wahi et al., 2016). Additionally, the
management of material waste on construction sites has a
substantial impact on project costs and the environment,
emphasizing the need for contractors to innovate and propose
new methods for waste reduction (Mohammed et al., 2020).

The utilization of industrialized building systems (IBSs) in
construction sites has shown a potential to enhance performance
in terms of quality, safety, cost-effectiveness, productivity, and
material waste reduction (Mohsen et al., 2021). However, the low
adoption and uptake of IBSs in Malaysia’s construction industry are
major challenges, exacerbated by the industry’s reliance on foreign
workers who may lack the awareness, technical skills, knowledge,
and experience required for IBS implementation in Malaysian
construction sites (Nawi et al., 2015). Automation through IBSs
has been identified as an effective approach to improve Malaysia’s
construction performance, enhance productivity, and ensure the
effectiveness of building projects. Furthermore, the utilization of
building information modeling (BIM) technology in conjunction
with IBSs has been recognized as a way to achieve a desirable level of
project quality, reduce the likelihood of unanticipated problems, and
enhance construction management by facilitating effective

communication and information sharing among stakeholders (Sio
Kah and Ming Qin, 2021). The integration of BIM technology into
construction processes and its connection with stakeholders,
including facility management, can support the creation of a
comprehensive database (Olawumi and Chan, 2019).
Furthermore, the incorporation of BIM technology into CWM is
in its initial phases and necessitates further research and
comprehension (Basheer et al., 2021).

Various studies have highlighted the potential of BIM
technology to increase construction productivity, lower project
costs, reduce project duration, and improve material tracking,
delivery, planning, and monitoring (Doumbouya et al., 2016;
Khanzadi et al., 2018; Al-ashmori et al., 2020; Manzoor et al.,
2021; Sio Kah and Ming Qin, 2021). Implementing smart and
innovative technologies, including BIM, along with other material
management technologies, has the potential to enhance productivity
and output in the construction industry (Rahim, et al., 2017;
Olawumi and Chan, 2019). Despite the potential benefits of
automation technologies such as IBSs and BIM in the
construction industry, their adoption has been slow due to
various challenges and barriers. Resistance from workers and
management, lack of standardized protocols, high initial costs,
and the need for extensive training and re-skilling programs are
among the complexities involved in adopting technology
automation in construction sites (Hatoum and Nassereddine,
2020; Yap, 2022). According to Rahim et al. (2017), the
management of construction waste in developing nations is
poorly defined, resulting in harmful environmental consequences.

The adoption of technologies like the green building index (GBI)
can play a crucial role in mitigating construction waste and
promoting environmentally conscious practices in the industry
(Manoharan et al., 2020). The construction industry faces
significant challenges in effectively managing construction waste,
which has detrimental environmental and economic impacts. The
GBI has been proposed as a solution to mitigate construction waste,
but green technology is still in its infancy stage in Malaysia because
many parties are unwilling to use it for construction projects (Jaffar
et al., 2022). The adoption of the GBI as a technology to address
construction waste remains limited, and there is a need to explore
the factors influencing its adoption and the potential benefits it can
offer.

According to Ibrahim et al. (2021), traditional methods of
material tracking and monitoring in construction sites often rely
on manual processes, leading to errors, delays, and increased waste.
The study highlights the potential of IoT technologies to
revolutionize material management practices in the construction
industry. By leveraging IoT devices and sensors, real-time tracking,
monitoring, and inventory management of construction materials
can be achieved, leading to improved efficiency, reduced waste, and
enhanced project performance. According to a study conducted by
Yap (2022), the construction industry has been slow to adopt
automation technologies due to various factors, including
resistance from workers and management. Despite the potential
benefits of technology automation in the construction industry, the
resistance to its adoption remains a significant challenge, limiting its
widespread implementation. In addition to challenges and barriers
to the adoption of automation technologies, Hatoum &
Nassereddine (2020) highlighted the complexities involved in
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adopting technology automation in construction sites. The review
revealed multiple challenges and barriers, including resistance from
workers, lack of standardized protocols, high initial costs, and the
need for extensive training and re-skilling programs.

Therefore, this study aims to empirically test and investigate the
automation technology adoption (ATA) utilizing the 3R approach,
BIM, IBSs, the GBI, and the IoT for material waste mitigation
measures and improvements in construction site performance
(CSP). The absence of automation technology can also lead to
delays in construction schedules that could increase costs and
result in the accumulation of more waste on the site. This can
occur because manual construction methods are often slower and
require more labor and resources, which can lead to inefficiencies
and an increased likelihood of errors. Overall, incorporating these
strategies could create a framework that could address material
waste mitigation measures and enhance performance on
construction sites.

2 Literature review

Low-waste technologies (LWTs) are not new in the construction
industry; they are regarded as an essential strategy in construction waste
management (CWM). The construction sector consumes up to 40%of all
rawmaterials mined from the lithosphere and accounts for nearly 50% of
worldwide carbon emissions (Bonoli et al., 2021). The use of LWTs in the
construction phase helps to optimize the consumption of resources,
resulting in waste reduction, widely acknowledged as a significant factor
in the reduction of global environmental consequences. These
technologies, sometimes known as soft technologies, assist the project
managers by enhancing the operations and work performance during
building projects and reducing the creation of construction waste
(Martínez-Rojas et al., 2016). These LWTs enhance coordination,
cooperation, and data interchange among the parties engaged in the
building process, encompassing data sharing, device performance, and
archiving (Zhang andNg, 2012;Martínez-Rojas et al., 2016). For instance,
BIM is a widely used information system in construction, engineering,
and technology. It has a large-scale dataset with many resources. In
addition, it may be connected to the project’s timetable, allowing better
planning to ensure just-in-time delivery of supplies, machinery, and
manpower (Won and Cheng, 2017).

IBSs have been characterized as a collection of interconnected
components that facilitate a building to target specifications. An IBS
may also contain numerous technological and managerial
techniques for manufacturing and assembling these components
(Mundher et al., 2022). According to Abedi et al. (2011) and Jaffar
and Lee (2020), an IBS is a building approach that results from
human innovation and investment for the conceptualizing and
development of an ideal construction plan based on the firm’s
resources. The adoption of technology for the construction
industry is challenging for digital technologies such as the
Internet of Things (IoT), which combines storing data for the
location and environment and project parameters in a cloud-
based BIM platform (Mohammed et al., 2022b). The construction
management information may be collected and visualized in real-
time to facilitate IoT applications for use by real-time supervision,
control, protection, collaboration, supply management, and safety
and monitoring staff.

A systematic approach based on specific criteria was adopted to
conduct a comprehensive review of previous studies. First, a
comprehensive search strategy was developed to identify relevant
scholarly articles and publications from reputable databases such as
Google Scholar and Science Direct. The review focused on articles
published within the last 5 years to ensure the inclusion of recent
advancements and up-to-date findings. The main terms and keywords
employed for the literature review encompassed automation technology
adoption, reduce, reuse, and recycle (3R), building information modeling
(BIM), industry building systems (IBSs), green building index (GBI), and
Internet of Things (IoT) in construction. These terms were specifically
chosen to explore the role of these technologies and approaches in
mitigating material waste at construction sites.

2.1 Automation technology adoption in the
construction industry

The construction business needs effective construction organization,
efficient construction procedures, and novel buildingmethods to compete
well in the 21st century when globalization, market competition, and
technology are all improving (Folkesson and Lönnroos, 2018). As a
consequence, a technology adoption may be used to enhance the
improvement plans at each step of the construction phase and to
manage the distribution of resources and staff efficiently. According to
construction industry research conducted by Hussaini and Abdul Majid
(2015), technology adoptions for construction can reduce negative
influences and improve construction productivity and efficiency,
minimize the quantity of waste, and achieve project goals by
obtaining good value for the money spent while considering project
constraints. Automation is a term that focuses on the application of
computer-controlled processes and mechanization concepts. It involves
the application of the latest automation technologies, whichmay perform
unfinished, undesirable, or unsafe human construction tasks in
construction (Xu and Lu, 2018). According to Umar, Shafiq and Isa
(2018), approximately 41% of Malaysian construction waste from
residential buildings is produced from the construction of high-rise
buildings, while terraces and bungalows represented 51% and 8% of
total waste, respectively. Most of these projects were built in the states of
Selangor (25%) and Johor Bahru (15%), while the remaining percentage
was allocated across 12 states inMalaysia; 60% of the sites were located in
densely populated areas. It is well known that several sources impact
environmental pollution, and emissions from buildings are considered
one of the major factors that contribute to increasing atmospheric
pollution. Construction generates a large amount of waste, including
waste from site preparation for new construction, site clearance,
renovation, or excavation. The method for quantifying waste
mitigation measures on Malaysian construction sites was adjusted to
accommodate data limitations. Previous studies had assessed contractor
performance using Construction Industry Development Board (CIDB)
grades (Umar et al., 2018).

2.2 Mitigation measures utilizing the 3R
approach

The concept of “reduce, reuse, and recycle” is known as “the
3Rs” and represents one of the ways that solid waste can be

Frontiers in Built Environment frontiersin.org03

Abkar et al. 10.3389/fbuil.2023.1232195

https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://doi.org/10.3389/fbuil.2023.1232195


addressed. Compared to recycling, waste reduction is a more
challenging choice. Nevertheless, the first step in the solid waste
management hierarchy is a reduction of waste in the construction
sector (Saleh, 2018). Nasaruddin et al. (2008) and Umar et al. (2018)
stated that waste management in Malaysia, namely, disposal and
sorting, comprises an essential component of the administration of
the local government. However, the ever-increasing volume of waste
material leads to emergent dumping; an illegally large amount of this
waste is produced during the construction of significant
infrastructure projects. In addition, commercial construction and
housing development projects are now being undertaken in
Malaysia that cause a significant impact on the environment
(Nasaruddin et al., 2008). It is an essential and fundamental
waste management concept to coordinate these three reduction
techniques throughout the demolition, design, and building
stages. Materials like structural steel, wooden shutters, and doors
may all be reused in a structure for many purposes; this is what is
meant by the term “reuse” (Park and Tucker, 2017). Of the four
waste management technologies, waste recycling stands out as the
most favored among local practitioners. They have consistently
chosen this method due to its various benefits, such as reducing
waste in construction. However, the implementation of waste
recycling requires extensive planning across different stages of
the project. Kazerooni Sadi et al. (2012) also highlight that waste
recycling is a standard approach for material management.

2.3 Material waste mitigation measure
utilizing BIM

As was previously noted, the implementation of BIM, a cutting-
edge technology, must be coordinated throughout the planning and
design stage. Musa et al. (2018) stated that construction is an
imperative feature of BIM that creates an object-oriented record
composed of intelligent objects that show the project in 3D
dimensions. Although the adoption of BIM may overcome some
concerns, it is one of the possible answers to future issues. It can
make the industry more efficient, effective, adaptable, and inventive
while raising construction productivity to support economic
development (Musa et al., 2018). In addition, the implementation
of Malaysia’s Construction 4.0 Strategic Plan (2021–2025) by CIDB
Malaysia acknowledges the Fourth Industrialization (IR 4.0) and
details how the country’s construction industry can adapt to an
adaptively moving business world through the intelligent
application of digital innovation (Hadzaman, 2022). Furthermore,
Arif et al. (2021) stated that the integration and implementation of
the BIM technology approach in the construction sector have a
significant impact on professionals and management abilities. The
researchers added that the integration of BIM as modern technology
in the construction industry is seen as essential for the growth of
construction industry sectors in Malaysia.

2.4 Mitigation measures utilizing IBS
technology

IBS is a term that represents the construction industry-based
materials management and protection systems. Malaysia’s building

sector has significantly benefited from IBS implementations that
drastically reduce waste. Construction in factories often uses
industrialized building materials, as advocated by IBSs. The need
for costly and time-consuming imported labor may be reduced by
using this strategy (Nawi et al., 2015). The classifications provided by
CIDB have sometimes been misused in place of systems with
limitations to the construction industry, and IBS is interpreted as
a method or process for constructing buildings more quickly, with
less labor, while meeting quality requirements.

Datuk Ahmad Asri Abdul Hamid, the Chief Executive, reported
a notable rise in IBS implementation within government projects,
reaching 84 percent in 2021, up from 79.5 percent in 2020.
Concurrently, there has been a substantial increase in IBS
adoption in private projects, surging to 60 percent in 2021,
compared to a prior rate of 41 percent in 2020 (Bernama, 2023).
However, it has been agreed that industrializing the building sector
is a worldwide process, not a local or national one. There is a need
for a system of categorization and naming that takes into account
international viewpoints and norms. Prefabricated components, off-
site construction, contemporary building techniques, off-site
assembly, off-site fabrication, and pre-assembly all fall under the
“off-site” umbrella; thus, their definitions and classifications must be
verified (Anuar et al., 2011).

2.5 Mitigation measures utilizing the green
building index (GBI)

The implementation of green principles as a mitigation measure for
project management is significant for cost savings to be achieved over
time and to the quality project life cycle. GBI has improved the
environment in many ways, can protect the natural environment,
promote a healthy life, and reduce the negative impact on the
environment. Critical green building management practices positively
affect the environment and support the economy (Aghili, 2018).

Similarly, environmental protection through sustainable
projects can reduce project operating costs, increase the value of
buildings, and increase return on investment (Vyas et al., 2019). In
recent years, the ideology of environmentally sustainable
development and the new paradigm of “sustainable development”
have become widespread in the Malaysian construction industry. To
raise the construction sector’s awareness of the importance of viable
development, the Malaysian government has introduced the 11th
Malaysia Plan. A new construction plan known as the “Construction
Industry Transformation Plan” (CITP) was produced in 2016 by
CIDB. One of the primary objectives of the CITP is to incorporate
environmental sustainability further into the construction process
(CITP, 2017).

2.6 Mitigation practice utilizing IoT in the
construction industry

IoT can integrate data and reduce manual interaction, resulting
in clarity, accuracy, effectiveness, and financial value, among other
advantages in the development, such as cloud-based digital
collaboration and mobility via BIM, drone monitoring and
simulation, real-time sense platforms, and 3D printing
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(Lokshina, Greguš and Thomas, 2019). Current construction
industry developments are geared toward utilizing innovative
technology to boost efficiency and the planning process; this
approach is known as smart construction (Al Neyadi, 2019;
Gbadamosi et al., 2019). IoT in the construction industry may
provide information about digital payments, management teams,
financial advisors, and planners (Basheer et al., 2021). IoT in
construction helps to record machinery and workers’ time,
enhancing construction productivity (Wang et al., 2020).

According to the Malaysian National IoT report, IoT is a
convergence with intelligent devices that can generate
information data through the sensors and store the knowledge
and information in its system and device storage MIMOS Berhad

(2015). This is an advantage because data increase productivity by
enhancing the quality of the construction industry, as shown in
Figure 1. Three main components are connected: the first is dynamic
and static entities with embedded sensors, the second is
infrastructure connectivity, and the third and most important is
the analytics application.

2.7 Hypothesis and conceptual framework

Figure 2 depicts the model of this paper. Five main hypotheses
are formulated to achieve the objectives of the papers presented as
follows:

FIGURE 1
Connectivity of IoT sensors and storage (MIMOS Berhad, 2015).

FIGURE 2
Conceptual framework.
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H1: There is a significant relationship between automation
technology adoptions (ATAs) of reduce, reuse and recycle (3R) and
construction site performance (CSP).

H2: There is a significant relationship between automation
technology adoptions (ATAs) of building information modeling
(BIM) and construction site performance (CSP).

H3: There is a significant relationship between automation
technology adoptions (ATAs) of industrialized building systems
(IBS) and construction site performance (CSP).

H4: There is a significant relationship between automation
technology adoptions (ATAs) of the green building index (GBI)
and construction site performance (CSP).

H5: There is a significant relationship between automation
technology adoptions (ATAs) of the Internet of Things (IoT) and
construction site performance (CSP).

3 Research methodology

This research used a quantitative method approach to gathering
data through a questionnaire survey with leading members of the
construction industry in the state of Johor who understood the
concept of waste reduction and mitigation measures in the
construction industry. This survey investigates the respondents’
evaluations of mitigation measures in the construction industry
and the use of technologies and material management adoptions for
waste reduction. This study was conducted with members of the
Johor construction industry. Respondents were selected based on

their positions as directors, engineers, architects, project managers,
quantity surveyors, developers, local authorities/government
agencies, and researchers at academic institutions

A preliminary investigation was conducted to validate the
study and establish the problem statement. The survey was
administered online and in hard-copy format. The researcher
collected data from six respondents from different organizations
involved in solid waste management, recycling, and construction
management in Johor and other states of Malaysia. The
exploratory research was useful in validating the necessity for
the present study, which concentrates on the employment of
automation technology adoption utilizing 3R, BIM, IBS, GBI, and
IoT. In this study, the population is the contractors and expert
practitioners in the Johor construction industry, including
architects, project managers, and academicians/researchers.
The modified questionnaire survey was undertaken with
experts to identify any issues with the survey questions. One
way to conduct questionnaire pre-testing is by requesting the
opinion of professionals from the same field. During the
screening process, the professionals are asked to focus on the
wording, difficulties, gathering variables, and notice the major
issues they encountered. The procedure administered a pre-test
with five professional lecturers from the faculties of construction
engineering and civil engineering, as well as some engineers who
had experience handling these concerns in the study area in the
Johor construction industry. The feedback gathered from the pre-
test is typically helpful in exploring how to alter the language and
format of specific inquiries.

FIGURE 3
Measurement model.
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A pilot study was carried out before the main data collection.
In this study, 40 surveys were given to the participants, such as
lecturers, academics, and construction parties in the Johor
construction industry. The researcher collected a total of 33,
of which 30 were valid; three contained missing parts.

In this study, the population is the contractors and expertise
practitioners in the Johor construction industry such as
architects, project managers, and academicians/researchers
(CIDB, 2016). The maximum number of respondents required
for this research is 365 respondents, as determined by Krejcie and
Morgan (1970) and granted by Rahi (2017) based on the sample
size calculation for a population of 7,481 people working in the
Johor construction industries. The questionnaire was
administered online using the Google website and emails. A
total of 257 valid responses were collected, representing a
response rate of 70%. The evaluation was a five-point scale:
1 = strongly disagree, 2 = disagree, 3 = neither agree nor
disagree, 4 = agree, and 5 = strongly agree (Zikmund et al.,
2013; Ajayi and Oyedele, 2018).

The questionnaire used in this study was adapted from previous
studies. First, items of the ATA3R practice were adapted from the
previous studies conducted by Seow et al. (2018), Kanimoli et al.
(2020), Asadi & Kone, (2018), Shan et al. (2015), Azman and Yaacob
(2017), Howlader (2020), and Mohammed et al. (2022a). The
measurement of ATABIM utilization was adapted from previous

studies conducted by Liu et al. (2016), Acquah et al. (2018), and Tam
et al. (2021). Measurement items ATAIBS technology as an off-site
construction method for environmentally friendly development and
its ability to enhance construction performance in the current
research were adapted from Algburi and Faieza (2018),
Turkyilmaz et al. (2019), and Azira et al. (2020). The fourth
section of the questionnaire addressed the GBI as an automation
technology to enhance environmental measures on the construction
site. The measurement items for this construct were adapted from
Marhani andMuksain (2018) andManzoor et al. (2021). IoT was the
fifth construct, and its measurement items were adapted from Shan
et al. (2015), Dallasega (2018), Mao et al. (2019), Perrier et al. (2020),
Ibrahim et al. (2021), and Dilakshan et al. (2021).

Advanced statistical tools, Statistical Package for Social Sciences
SPSS 25.0 and partial least squares structural equation (PLS-SEM)
using SmartPLS version 3.7.9, were used to evaluate the obtained
data (Sarstedt et al., 2019). The inferential approach was used to
assess the conceptual framework study for the hypotheses, using
PLS-SEM to evaluate the characteristics of respondents.

4 Data analysis

The constraints issues investigated in this research were
believed to motivate the use of ATA in construction sites as

FIGURE 4
Structural model.
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material waste mitigation measures as these segments enhance
CSP. This study aimed to explore the five hypotheses. The
primary focus of this section is to discuss the outcomes of
testing the hypotheses based on the prior investigations and
explore the possible mechanisms for the findings. The topic
focuses on the presence of ATA and CSP techniques in the
Johor construction industry, the effects of material waste
mitigation measures on construction site performance, and the
significance of ATA as a contributing element for construction
site performance using PLS-SEM.

Pilot study

The pilot study was carried out to improve uniformity, structure,
and requirements of the questionnaire. It is possible to use a pilot
study as an aid for a more extensive investigation or to look at
specific areas of a study to evaluate whether chosen processes would
be completed as expected. Cronbach’s alpha was determined using
SPSS v25.

Table 1 shows the Cronbach’s alpha values for the pilot test.
The obtained values were 0.826 for ATACSP, 0.832 for ATA3R,
0.776 for ATABIM, 0.740 for ATAIB, 0.615 for ATAGBI, and
0.729 for ATAIoT. Table 1 also presents the mean values of
constructs in the pilot study and the analysis of normality
through skewness and kurtosis. The results indicate that all
variables in the questionnaire have achieved univariate
normality. Kurtosis has an absolute value within 0.217 and
2.305, and the maximum skewness values are
between −0.634 and 1.34. Most writers agree that the data set
is normal if the skewness and kurtosis fall within the proper range
(i.e., −3.0 to +3.0, representing the suggested threshold of ± 3)
(Hamdollah and Baghaei, 2016). Therefore, the results indicate
univariate normality in the dataset.

Reliability test

Evaluating the reliability of the survey’s variables indicates a
better consistency for questionnaire fields and the overall mean
of the questionnaire. Cronbach’s alpha has a typical range of
0.0–1.0, with higher values representing more consistency.
Table 2 illustrates the Cronbach’s alpha values for all
variables, demonstrating reliability and validity across all the
items (Ajayi and Oyedele, 2018).

Respondent profiles

The respondents were categorized according to the position,
organization, type of project, cost of the project, education level, and
working experience. Table 3 outlines the demographics of
respondents in this study.

Most respondents were engineers (105, 38%) and directors (78,
28%). Many respondents were academicians (28, 10.4%), project
managers (26, 9.6%), and architects (20, 7.4%). Respondents included
quantity surveyors (6, 2.2%) and individuals categorized as “others” (7,
2.6%). Most respondents worked at designer/consultant firms (88,
32.6%) and contractors (73, 27%). Most respondents (123, 45.6%) are
involved in projects that cost less than one million. Other respondents
are involved in projects that cost from one million to more than twenty
million. More than one-third of respondents (123, 45.6) have working
experience that ranges from 0 to 5 years; some respondents have
6–10 years (55, 17.8%) and 11–15 years (48, 10.7%) of working
experience. Finally, a few respondents (15, 5.6%) have working
experience that is more than 20 years.

Mean and standard deviation

The questionnaire results are summarized by adopting the 5-
point Likert scale, whereby 5 points indicate a strong agreement, and
a score of 1 indicates a strong disagreement (Louis and Dunston,
2018). Table 4 presents the results.

Statistics in Table 4 showed that ATAIBS obtained a higher
mean value than the remaining five variables (3.92), followed by
ATAIoT with (3.90), while ATA3R was third (3.72). CSP has a mean
value of 3.71, and ATABIM has a mean value of 3.69. ATAGBI
obtained a mean value of 3.68. These statistics show that the mean
scores are higher than the possible average, indicating respondents
generally agreed with the questionnaire’s statements.

Assessment of the PLS-SEM model

This study analyzed and reported PLS-SEM results using a two-
stage procedure (Henseler et al., 2009). To assess the PLS-SEM
overview, Henseler and Sarstedt (2013) recommend using the
goodness-of-fit (GoF) index rather than choosing a
nonparametric evaluation method based on bootstrapping and
blindfolding (Hair et al., 2014). Many researchers now use a two-
stage process to evaluate PLS-SEM pathway model results.

TABLE 1 Reliability result of the pilot study.

Code Mean Skewness Kurtosis Cronbach’s alpha

CSP 3.10 −1.59 0.639 0.826

ATA3R 3.37 −1.00 0.217 0.832

ATABIM 3.30 −1.63 2.305 0.776

ATAIBS 3.43 −1.97 0.422 0.740

ATAGBI 3.68 −.93 1.359 0.615

ATAIoT 2.83 −1.70 2.127 0.729

TABLE 2 Reliability test of research constructs.

Construct Cronbach’s alpha No. of items

CSP 0.932 15

ATA3R 0.939 9

ATABIM 0.921 12

ATAIBS 0.928 8

ATAGBI 0.897 4

ATAIoT 0.928 14
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Figure 3 presents the output data of the measurement model
obtained from the determination of R-value and the factor loading,
using SmartPLS 3.3.9, in accordance with the recommendations by
Henseler et al. (2016). In this research, bootstrapping was applied to
assess the direct effect, as recommended by Hair and Sarstedt (2019).
Researchers are advised to implement a bootstrapping test using the
sampling distribution of the direct association (Hair et al., 2014). As
shown in Figure 4, the output data obtained the probability (p)
values, signifying the significance of the associations.

Convergent Validity

The term “convergent validity” (CV) refers to the extent towhich items
reflect the desired latent components and their relationship to other
measures of the same constructs (Usakli and Kucukergin, 2018). The
accuracy of CV is determined by assessing each variable among the average
variance extracted (AVE), composite reliability (CR), and the loading for
each item (Hair et al., 2014; Sarstedt and Cheah, 2019). Chin (2010)
proposed that to achieve adequate CV, the AVE of each variable must be
0.50 or higher, while the threshold for composite dependability is 0.70.
Table 5 displays the AVE values, which range from 0.66 to 0.765. As a
result, it can be concluded that CV has been established for each construct
in this research because each item amply reflects the latent components.

Table 5 shows that the Cronbach alpha for all variables is larger
than 0.70. This means that all variables in the present investigation are
consistent (Wan and gtmmad, 2013). Furthermore, all variables have
strong reliability, and their AVEs are higher than threshold values
(>0.5), supporting the measurement model’s reliability (Bido and Da
Silva, 2019). Therefore, the overall reliability of the latent variables
used in this study has internal consistency values ranging from
0.853 to 0.934 for the components of the study, which is
satisfactory because they are all above the minimum threshold of 0.70.

TABLE 3 Demographic output, frequency, and percentage.

No. Item Frequency Percentage
(%)

1 Positions

Director 78 28.9

Engineer 105 38.9

Architect 20 7.4

Project manager 26 9.6

Quantity surveyor 6 2.2

Academician/researcher 28 10.4

Others 7 2.6

2 Organization

Designer/consultant firm 88 32.6

Contractor 73 27.0

Manufacturer 22 8.1

Client 14 5.2

Developer 21 7.8

Local authority/government
agency

13 4.8

Research/academic institution 31 11.5

Others 8 3.0

3 Type of project

Building 137 50.7

Infrastructure 54 20.0

Institutional and commercial 42 15.6

Industrial 20 7.4

Other 17 6.3

4 Cost of project

<1 million 123 45.6

1–5 million 40 14.8

6–10 million 35 13.0

6–10 million 28 10.4

16–20 million 25 9.3

>20 million 19 7.0

5 Education level

Certificate 110 40.7

Diploma 28 10.4

Master’s degree 61 22.6

PhD 71 26.3

6 Work Experience

0–5 years 123 45.6

(Continued in next column)

TABLE 3 (Continued) Demographic output, frequency, and percentage.

No. Item Frequency Percentage
(%)

6–10 years 55 20.4

11–15 years 48 17.8

16–20 years 29 10.7

>20 years 15 5.6

TABLE 4 Ranking of ATA as a material waste mitigation measure.

Construct Mean Rank Standard deviation

CSP 3.71 4 0.718

3R 3.72 3 0.655

BIM 3.69 5 0.650

IBS 3.92 1 0.679

GBI 3.68 6 0.802

IoT 3.90 2 0.718
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TABLE 5 Reliability reflective, loading, and average variance extracted.

Item Loading Cronbach’s alpha Composite reliability AVE

CSP1 Deleted due to low loading 0.932 0.925 0.681

CSP2 0.817

CSP3 0.833

CSP4 0.821

CSP5 0.849

CSP6 0.840

CSP7 0.834

CSP8 0.871

CSP9 Deleted due to low loading

CSP10 0.807

CSP11 0.823

CSP12 0.808

CSP13 0.809

CSP14 0.817

CSP15 0.800

ATA3R1 0.839 0.939 0.928 0.672

ATA3R2 0.826

ATA3R3 0.819

ATA3R4 0.815

ATA3R5 0.852

ATA3R6 0.867

ATA3R7 0.777

ATA3R8 0.797

ATA3R9 0.780

ATABIM1 0.807 0.921 0.934 0.666

ATABIM2 0.797

ATABIM3 0.820

ATABIM4 0.813

ATABIM5 0.833

ATABIM6 0.821

ATABIM7 0.821

ATABIM8 0.847

ATABIM9 0.834

ATABIM10 0.818

ATABIM11 0.781

ATABIM12 0.798

ATAGBI1 0.866 0.897 0.853 0.765

ATAGBI2 0.889

(Continued on following page)
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Discriminant validity

Discriminant validity (DV) describes how much one latent
notion varies from another (Ab Hamid et al., 2017). AVE is used
in this research to assess the discriminant validity, as proposed by

Usakli and Kucukergin (2018). This was accomplished by
comparing the latent variable correlations to the AVE square
roots (Mohd Hilmi and Kasim, 2017). As illustrated in Table 6,
the significant values of each of the AVE items along the diagonal
lines are greater than the corresponding values in both columns

TABLE 5 (Continued) Reliability reflective, loading, and average variance extracted.

Item Loading Cronbach’s alpha Composite reliability AVE

ATAGBI3 0.891

ATAGBI4 0.852

ATAIBS1 0.825 0.938 0.921 0.699

ATAIBS2 0.836

ATAIBS3 0.828

ATAIBS4 0.810

ATAIBS5 0.833

ATAIBS6 0.859

ATAIBS7 0.840

ATAIBS8 0.856

ATAIoT1 0.821 0.928 0.911 0.709

ATAIoT2 0.819

ATAIoT3 0.835

ATAIoT4 0.832

ATAIoT5 0.845

ATAIoT6 0.839

ATAIoT7 0.846

ATAIoT8 0.882

ATAIoT9 0.855

ATAIoT10 0.821

ATAIoT11 0.850

ATAIoT12 0.863

ATAIoT13 0.854

ATAIoT14 0.825

CSP, construction site performance; ATA, automation technology adoption; 3R, reduce, reuse, and recycle; BIM, building information modeling; GBI, green building index; IoT, Internet of

Things.

TABLE 6 Correlation of variables: square roots of AVE (fornel and larcker result).

Latent variable ATA3R ATABIM ATAGBI ATAIBS ATAIoT CSP

ATA3R 0.819

ATABIM 0.275 0.816

ATAGBI 0.469 0.338 0.875

ATAIBS 0.514 0.426 0.239 0.836

ATAIoT 0.321 0.390 0.361 0.386 0.842

CSP 0.632 0.519 0.583 0.623 0.552 0.825
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and rows, confirming discriminant validity (Fornell and Larcker,
1981).

Likewise, as Ab Hamid et al., 2017 indicated, DV might be
verified by evaluating the indicator loading values compared to
the cross-loadings for the others; the intended indicator
loadings should be more significant than the corresponding
diagonal of the others. Based on Table 6, all indicator
loadings (shown in bold) loaded beyond the threshold value
of 0.5 and higher levels, as suggested by Wong (2013) and
Sarstedt and Cheah (2019).

The structural model is evaluated when the model is
completed (Henseler, Hubona and Ray, 2016). The t-values in
the present study are the results of bootstrapping (with
5,000 sample rounds for 257 instances/observes), as advised by
Hair and Sarstedt (2019).

Effect size f2 and predictive relevance Q2

According to Table 7, the f2 values of the effects of ATA3R,
ATABIM, ATAGBI, ATAIBS, and ATAIoT on CSP were small,
small, medium, medium, and small, respectively, according to
Hair and Sarstedt (2019). The results also indicated that the R2

obtained in this study was 0.687. This value suggests a high level
of explanation for the variance in CSP, demonstrating its
“substantial” value, as it exceeds the threshold of 0.67 (Nitzl
et al., 2016). The effect size (f2) is calculated from the observed
changes of R2, as guided by Hair and Sarstedt (2019). However,
the following part goes into predictive relevance, which refers to
the structural model’s capacity to predict more relevance within
each endogenous variable indicator. As stated previously, it is a
candidate for the PLS-SEM approach if the value of cross-validity
redundancy in Table 8 (Q2) is larger than zero (Sarstedt et al.,
2019).

Based on the bootstrapping technique that explains the
empirical association of variables, the hypothesis is accepted at
a p-value of 0.01 and 0.05 (Hair and Sarstedt, 2019). Therefore, all
of the direct hypotheses of this study were supported because
they obtained values that are less than 0.01, as illustrated in
Table 9.

Hypothesis analysis and discussion

This paper examines ATA as a coherent set of CSP strategies that
influence measures for mitigating material waste. The finding
suggests a significant positive association between ATA
utilization of the 3R approach and CSP. The results demonstrate
that ATA utilizing the 3R approach has a significant impact on CSP.
This result is given in Table 9 as (β = 0.250, t = 3.440, p < 0.001).
Similarly, Mohammed et al. (2020) stated that management of
material waste on site has a considerable influence on project
costs while also having a positive impact on the environment; the
conclusion suggested that contractors should be encouraged to
innovate and propose a new method to reduce waste in the
construction site. Mundher et al. (2022) stated that the 3R
strategy had a significant influence on construction waste, in
particular, steel waste. Azman and Yaacob (2017) defined 3R
practice in construction sites as the responsibilities that all parties
involved in the site must consider as important actions to follow
during the construction workplace.

The results confirm that the relationship between ATABIM and
CSP is significant, with the result shown in Table 9 (β = 0.158, t =
2.605, and p < 0.009). The finding indicated a significant positive
relationship, as proposed in the hypothesis, which indicates that
BIM technology has a significant and positive influence on the
material mitigation approach in the Johor construction sites.
Similarly, research by Tanko and Zakka (2022) declared that
“Johor and Selangor states had a significant population presence
with high construction output due to a variety of factors including
location, administrative, and the results of utilizing BIM-based site
showed a significant impact for material waste minimization.”
Another finding by Sio Kah and Ming Qin (2021) states that it is
possible for BIM technology to carry out tasks that enable
construction partners to achieve a desirable level of project
quality and reduce the likelihood of unanticipated problems
during construction, such as delay, additional costs, ineffective
construction management, and misunderstandings between the
parties involved. The finding was validated by contractors,
project managers, engineers, architects, and quantity surveyors in
Johor and Selangor in the indicators of site conditions, planning, and
material waste minimization in construction sites.

The results demonstrate that ATAGBI significantly affects CSP.
The result supports the hypothesis as a positive relationship exists
between ATAGBI and CSP; the result is shown in Table 9 (β = 0.271,
t = 2.762, and p < 0.006). The outcome showed a strong and
substantial correlation between ATAGBI practices and
construction sites. Several empirical investigations have

TABLE 7 Effect size (f2) for the latent exogenous construct.

Latent construct R2-included R2-excluded f2 Effect size

ATA3R 0.687 0.648 0.121 Small

ATABIM 0.687 0.670 0.054 Small

ATAGBI 0.687 0.635 0.166 Medium

ATAIBS 0.687 0.637 0.159 Medium

ATAIoT 0.687 0.656 0.099 Small

TABLE 8 Predictive relevance Q2/cross-validity redundancy.

Total SSO SSE 1-SSE/SSO

CSP 3,341.000 1818.873 0.456
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demonstrated that the GBI, as an indicator of innovativeness in
construction, has a favorable effect on construction sites. One
example is the need for construction organizations to prioritize
green innovation to improve the quality of construction projects, for
sustainability considerations, and to strengthen their market
position (Rizqa, 2016; Aghili, 2018; Algburi and Faieza, 2018; Ali,
2018; Vyas, Jha and Rajhans, 2019).

ATAIBS technology, as a material mitigation measure on a
construction site, was a major component of this research, and
IBS technology across the construction industry has yielded many
beneficial effects on CSP. To that aim, the third research objective
was to assess the effects of ATAIBS on CSP. The findings reveal that
ATAIBS has a significant effect. The result confirms that the
relationship between ATAIBS and CSP is significant. The result
is shown in Table 9, presented as (β = 0.283, t = 4.292, and p < 0.000),
which indicates a significant positive relationship, as contained in
the hypothesis. This finding reinforced that IBS technology has a
significant and positive influence on the material mitigation
approach in the Johor construction sites. The present research
revealed a strong and significant relationship between IBS
technology practices and material management approaches.
These findings are consistent with those published by Ayisy and
Ghazalli (2021), Nawi et al. (2019), Thomas Tarang et al., 2022, and
Soon Ern et al. (2017). In terms of automation in construction,
recent findings by Azira et al. (2020) and Kamaruddin et al. (2018)
indicated that automation through IBS in construction is effectively
influencing Malaysia’s construction performance and that
automation in construction is a modern technology that could be
employed to improve the efficiency and performance of all
construction projects.

The fifth relationship in this paper was established to examine
the association between ATAIoT and CSP in the practice of
material waste mitigation at the construction sites; the result is
shown in Table 9 (β = 0.202, t = 3.087, and p < 0.002). The result
supports the hypothesis that a significant positive relationship
exists between ATAIoT and CSP. The finding indicated the
importance of the IoT for construction sites as a material
waste mitigation measure in Johor construction sites. These
results are supported by findings that indicated that IoT
technology used for construction can enhance material supply
chain efficiency at the construction site (Gbadamosi et al., 2019;
Maru and Raval, 2020; Perrier et al., 2020; Basheer et al., 2021).
Providing an integrative approach regarding IoT adoption within
construction firms is supported by these studies. Other important
findings by Lin et al. (2019) and Sidani et al. (2021) showed that

IoT contributes positively to environmental protection, and it
can decrease energy consumption and carbon emissions while
also eliminating material wastage to obtain the highest
performance.

The evaluation of the survey variables with high reliability, as
indicated by Cronbach’s alpha values in Table 2, demonstrates
the consistency and accuracy of the questionnaire items, ensuring
reliability and validity in measuring the constructs. The analysis
of the data reveals that the study attracted a diverse range of
respondents representing various sectors of the construction
industry, including engineers, directors, academicians, project
managers, architects, and quantity surveyors. The descriptive
statistics from Table 4 indicate that ATAIBSs had the highest
mean value (3.92) among the variables studied, followed by
ATAIoT (3.82) and ATA3R (3.72). The mean scores for CSP
(3.71), GBI (3.68), and ATABIM (3.69) were also above the
average.

The averages of the results (AVE) were calculated, and the CR of
each latent was calculated through the analysis of constructed
variables. The cross-loadings matrix was also investigated to
validate the conceptual model. As a result, this research was able
to evaluate the latent variables that were depicted in its conceptual
model using a robust PLS-SEM method. This increases reliability
and simplifies the process for researchers to obtain accurate and
trustworthy information about material management toward site
performance in the context of material mitigation measures sourced
from appropriate participants. The measurements utilized in this
research for the various variables were adopted from various
sources. Additionally, similar investigations were carried out in
various contexts in the reviewed literature about questionnaire
adoption; consequently, it is essential to demonstrate the
reliability and validity of these scales. This was comprehensively
performed in this research through the use of different
measurements described in the CV sections.

As a result, this research was able to evaluate the latent variables
that were depicted in its conceptual model using a robust PLS-SEM
method. In conclusion, the findings of this study provide solid
evidence of the significant positive relationships between technology
adoption strategies and CSP, with a focus on material waste
mitigation.

The adoption of ATA strategies can lead to improved
construction performance, waste reduction, and sustainability.
These findings emphasize the importance of integrating
innovative technologies and practices in the construction
industry to enhance overall performance and contribute to a

TABLE 9 Results of hypothesis testing—direct relationship.

N Relationship Original sample Sample mean Standard deviation T-value p-value Decision

H1 ATA3R - > CSP 0.250 0.256 0.073 3.440 0.001 Supported

H2 ATABIM - > CSP 0.158 0.159 0.061 2.605 0.009 Supported

H3 ATAGBI - > CSP 0.271 0.267 0.098 2.762 0.006 Supported

H4 ATAIBS - > CSP 0.283 0.275 0.066 4.292 0.000 Supported

H5 ATAIoT - > CSP 0.202 0.202 0.066 3.087 0.002 Supported

Significant at p* < 0.05; p** < 0.01.
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more sustainable built environment. Additionally, to assess the
strength of the association between the adoption of automation
technology and CSP, the superiority of this approach over others was
taken into account. Therefore, the findings of the present research
demonstrate the successful utilization of Malaysian professional
contractors’ expertise in the fields of technology and
management. This is achieved through their endorsement of
research parameters and techniques like 3R, BIM, IBS, GBI, and
IoT to aid in material mitigation measures at construction sites.
Consequently, it is crucial to prioritize technological innovation
aligned with material mitigation measures to effectively address
material waste reduction. As a result, Johor construction firms can
consider automation technology as a key factor in determining
strategies for reducing material waste, thereby addressing
economic and environmental concerns and improving
construction site practices. The utilization of a quantitative
research approach enables the collection of objective and
measurable data on the adoption of automation technology as a
material mitigation measure in Johor construction sites. This
quantitative analysis provides a solid foundation for drawing
statistical inferences and establishing a deeper understanding of
the relationships between variables in the context of automation
adoption and material waste mitigation toward CSP. This
consideration is especially important, given that the variables in
this research are measured reflectively.

5 Conclusion and future direction

This research has attempted to expand the body of knowledge
concerning material management adoption by examining the
relationship between automation technology adoption employing
3R, BIM, IBS, GBI, and IoT with CSP. The findings of this study
contribute important theoretical concepts along with certain
limitations; it has effectively answered the study questions and
fulfilled the stated objectives. The present study used the
literature and a survey to acquire credible answers to the study’s
research questions and findings. Based on the survey results, it can
be concluded that ATA3R, ATABIM, ATAIBS, ATAGBI, and
ATAIoT techniques are interconnected and have solid
relationships that have a positive impact on material mitigation
measures toward construction site performance.

Overall, the findings of this research point to many engaging
directions for further studies. The construction industry should
incorporate the combination of ATA and CSP techniques to
maintain its competitive advantage. The findings of this study,
which was conducted in the context of Johor construction sites,
add to the current literature and considerably enhance the producers
of material management aspects and CSP. Most importantly, the
study findings will help corporations develop construction
technology and innovative products and improve the growth of
the Malaysian construction sector in general. As a result, the
innovative capabilities of material management and CSP could be
considered for future research concerning automation technology in
construction performance.

This study has several limitations that should be
acknowledged. First, the research was conducted in a specific
context, focusing on Johor construction sites. The findings may

be influenced by the unique characteristics and practices of this
region, limiting the generalizability of the results to other
locations. This research is restricted to the Johor construction
sector and does not compare the data analysis with other
Malaysian states. Future research should consider conducting
similar studies in different regions to provide a broader
understanding of automation technology adoption as material
waste mitigation measures. Although these factors were found to
be significant concerning CSP, other variables not considered in
the present study might also be important. Finally, the research
could explore additional dimensions and interactions between
automation technology adoption, material management
practices, and CSP to provide a more comprehensive analysis.
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