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A B S T R A C T

The construction industry is significant in the economic growth of developing countries and is recognized 
globally for its high potential in sustainable development. Offsite Modular Construction (OMC) has the potential 
to revolutionize this sector. However, the adoption of OMC in developing nations remains limited due to various 
barriers. This study fills a critical gap by developing a novel framework that integrates the analysis of Offsite 
Modular Adoption Barriers (OMABs), i.e. resource availability, process management, and issues/perceptions, 
with the pursuit of overall sustainable future needs (OSFN) in residential projects. For this study, 314 con
struction specialists in Malaysia, a developing country with high construction activity, were surveyed. The study 
further employs PLS-SEM for latent variable relationship identification between OMABs and OSFN, which has 
not been researched comprehensively in the literature. The study reveals that there is a moderate positive 
correlation between OMABs and 33.6 % of the sustainable outcomes in residential projects. The path coefficient 
(β = 0.316) also provides evidence of the importance of eliminating these barriers in improving sustainability 
goals. This research is innovative in its approach as it seeks to address both the issues of OMC and sustainability 
in the developing nations. It is highly beneficial for policymakers as it provides a clear guideline on how to 
improve the OMC usage and promote sustainable construction. The SEM model can be used as a reference for 
other developing economies that are interested in the modernization of the construction industry for sustainable 
development.

1. Introduction

In a world where sustainability and technological innovation inter
twine within the construction domain, humans are faced with the 
imperative to not only adapt but to proactively shape the future of the 
built environment. These imperative gains further significance when 
considering recent data that reveals the construction sector’s substantial 
impact. It accounts for 32 % of global resource consumption and con
tributes to approximately 40 % of anthropogenic greenhouse gas emis
sions. Moreover, the sector generates waste equivalent to around 40 % 
of the materials consumed, underscoring the urgency of identifying 
sustainable solutions in construction practices [1]. In alignment with 

this imperative, the Chartered Institute of Buildings (CIOB) shares an 
insight in its ’Global Construction 2030′ report, which predicts a 
remarkable 85 % growth in the volume of construction output, reaching 
a staggering $15.5 trillion worldwide by 2030 [2].

Turning our focus to residential construction, it holds a pivotal role 
in developed/developing economies, contributing between 3 % and 7 % 
to the gross national product [3]. Nevertheless, the CIOB’s 2015 report 
did not factor in the unforeseen impact of the COVID-19 pandemic, 
which gave rise to economic challenges and a downturn in the resi
dential sector. This assertion is reinforced by reputable reports from 
developed countries. For instance, in Australia, Master Builders Aus
tralia’s (MBA) latest building and construction industry forecasts 
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indicate that housing starts currently fall below the required annual rate 
of 200,000 to meet demand between 2022 and 2025 [4]. Meanwhile, in 
the United States, the National Association of Realtors (NAR) reports a 
housing shortage of between 5.5 and 6.8 million units, with the gap 
between supply and demand widening each year [5]. Similarly, in the 
UK, the Home Builders Federation (HBF) report suggests that house
building in England is expected to dip below 120,000 homes annually in 
the years ahead [6].

Taking transitive property into consideration, “if developed coun
tries are experiencing a fall in residential sector construction, devel
oping countries are experiencing a similar fall” which is evident from 
published literature [7,8]. In an era where environmental consciousness 
and efficiency converge and motivated by Ali Hassan et al.’s recom
mendation to use offsite modular construction (OMC) in developing 
countries with Egyptian construction stakeholders [9], this paper fo
cuses on the Malaysian residential construction crisis as a developing 
country, exploring OMC as a potential solution.

This mode of construction encompasses a range of pre-assembly 
techniques conducted away from the primary construction site. During 
the initial stage, offsite modular elements are fabricated, and subse
quently, they are transported to the assembly location. OMC not only 
addresses the pressing need for affordable and rapid construction in 
Malaysia but also aligns with sustainability goals. By reducing con
struction waste, minimising energy consumption, and utilising envi
ronmentally friendly materials, prefabrication not only expedites 
construction but also contributes significantly to reducing the sector’s 
carbon footprint [10]. Moreover, it promotes resource efficiency and 
reusability, thus embodying the principles of a circular economy that 
can further enhance the sustainability of the construction industry in 
Malaysia.

In the scenario of Malaysian construction industry (MCI), with a 
projected 35 million population, the prevalence and potential of OMC 
has become increasingly pronounced. Based on data from the Malaysian 
Department of Statistics (MDS), there was a significant decline of 44.9 
percent in the second quarter of 2020 within traditional construction. 
This situation stands in contrast to the Malaysian government’s ambi
tious objective of providing one million low-cost homes. Clearly, the 
traditional construction approach has its limitations in addressing 
Malaysia’s residential crisis, emphasising the necessity for the adoption 
of OMC.

Based on the Nationally Determined Contribution (NDC) report, 
following Malaysia’s ratification of the Paris Agreement on 16th 
November 2016 [11], Malaysia has committed itself to taking substan
tial steps to reduce carbon emissions. As part of its pledge under the 
Paris Agreement, Malaysia has set ambitious targets for reducing its 
carbon footprint in various sectors, including construction. This 
commitment aligns with the global effort to combat climate change and 
underscores the need for sustainable and eco-friendly practices in all 
industries, including construction [12]. In this context, the adoption of 
OMC methods emerges as a promising avenue for Malaysia to meet its 
environmental goals while simultaneously addressing its housing crisis.

In theory, the Malaysian government recognises the benefits of OMC 
and has established the Construction Industry Development Board 
Industrialised Building System (CIDB-IBS) to research and invest in these 
methods. However, in practice, adoption within the private construction 
sector lags behind, notably in achieving the goal of delivering/managing 
one million construction units by 2028 [13,14]. Since 2008, projects 
valued over RM 50 million are required to achieve a 50 percent OMC 
score, but a recent 2018 report indicates that only 35 percent have met 
this target [15].

The problem statement of the study is Malaysia’s traditional con
struction techniques are inadequate to address the sustainable housing 
needs. OMC is acknowledged as a solution but its implementation is not 
widespread. In such a scenario, a research question arises, “What are the 
critical success factors (CSFs) influencing the widespread adoption of 
OMC methods for sustainable future development in the MCI, and how 

can these factors be leveraged to address the housing crisis while 
meeting environmental goals?”. While the research gap is that CSFs for 
OMC adoption in Malaysia are under-researched. Near to none study has 
explored the link between OMC barriers and sustainability using PLS- 
SEM. The study aims to bridge the research gap by mathematically 
identifying CSFs for overall sustainable future needs (OSFN) in relation 
to offsite modular adoption barriers (OMABs) in MCI using a partial least 
square structure equation modeling (PLS-SEM) approach. The study’s 
significance stems from the observed gap between the Malaysian gov
ernment’s acknowledgment of OMC potential and its actual imple
mentation in the construction sector, attributable to a lack of knowledge 
regarding OMC and OSFN in Malaysia. The study’s objectives will be 
accomplished through the following: 

1. Determining the OMABs and OSFN factors.
2. Investigating the relationship between overcoming OMABs and 

achieving OSFN using the PLS-SEM technique.
3. Developing a model for OMC adoption.

The novelty and relevance of this work are in the analysis of OMC as 
a viable solution to the housing deficit in Malaysia in the context of 
global and regional threats. As construction practices are being put 
under the spotlight for their sustainability, this research fills the existing 
literature gap between the theoretical advantages of OMC and its 
application in the Malaysian construction sector. Through identifying 
the CSFs and barriers to OMC adoption by using the PLS-SEM modeling 
approach, this research not only reveals the possibility of OMC in pro
moting affordable housing construction but also provides valuable in
formation for addressing challenges for future requirements. This work 
is useful as it brings Malaysia’s construction practices in line with in
ternational sustainability standards, and presents a model that can be 
used in other developing nations experiencing similar crises.

The paper is structured as follows, in the next section literature re
view is discussed. Section 3, Section 4 and Section 5 discuss methodol
ogy, results and discussion. Finally, towards the end, Section 6 and 
Section 7 point out conclusions, study’s limitations and future research 
direction.

2. Literature review

2.1. OMC as a strategy for sustainable construction

In an era where sustainability has become a central concern in 
construction practices worldwide, the adoption of OMC emerges as a 
critical strategy for achieving eco-friendly and efficient building 
processes.

OMC has significant benefits over conventional construction prac
tices when implemented in developing nations [14]. In terms of effi
ciency, OMC cuts costs by assembling structures more quickly, requiring 
fewer workers, and minimizing material waste to meet immediate 
housing needs [16]. Environmentally, it reduces site pollution and op
timizes waste disposal because of factory-like production, and increases 
energy utilization with green materials [17]. In social terms, OMC en
hances the speed of delivery of good quality homes, minimizes risks on 
site, and provides employment in manufacturing [9]. On the other hand, 
conventional construction is known to be more expensive, resource- 
intensive, and time-consuming than modular construction [14].

OMC has proven its effectiveness in Malaysia and neighboring Asian 
countries construction, such as, China with 611 OMC manufacture en
terprises word wide, and 1786 OMC production lines. Despite the 
growing recognition of OMC’s potential in Malaysia, a noticeable gap 
persists in our understanding of the CSFs driving its adoption within the 
MCI. As a consequence, many researchers have identified barriers for 
linked with OMC implementation from several perceptions.
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2.2. Barriers to OMC implementation

A combination of previous studies by [13], [18 = 25] and others 
recognised a range of barriers for implementation of OMC for residential 
building projects. These are (1) insufficient comprehension of OMC 
knowledge resources [26,27]; (2) lack of manufacturing supplies 
[28,29]; (3) insufficient understanding of OMC knowledge resources 
[26,27]; (4) lack of maintenance methods in OMC [30,31]; (5) failure in 
team collaboration [16,32]; (6) redesigning process imposes hurdles in 
OMC [27,30]; (7) existence of negative social perception among OMC 
stakeholders [21,33]; (8) fragmentation associated with OMC will in
crease transportation cost [34,35]; (9) fear of stakeholder investment in 
OMC [25,36].

2.3. Barriers to OMC adoption in Malaysia

Furthermore, [37] have identified numerous barriers to OMC adop
tion in Malaysia, including lack of OMC technology familiarity, large 
expenses on OMC facilities, and lack of equipment to transmit enormous 
OMC components. Moreover, [14] discusses different challenges that 
delay the adoption of OMC in Malaysia, such as lack of governmental 
support, unavailability of standard guidelines for OMC, and absence of 
buyer education.

2.4. Categorization of barriers

According to [37–39] the barriers are divided into 3 main constructs: 
resource availability, process management and issues and perception as 
mentioned in Table 1. Resource availability barriers are related to the 
reserves in a project, regulatory delays, and environmental restrictions. 
Process management barriers are associated with OMC’s corporate 
strategy, procurement, and collaboration among stakeholders. Lastly, 

issues and perception barriers, are related to adoption of OMC in 
building sector, stakeholder perspectives, public opinion, and social 
factors.

2.5. The OSFN approach and sustainability dimensions

In this study OSFN is grounded on “Sustainability Theory” that fo
cuses on the three pillars of economy, environment, and society. It is 
useful for implementing sustainability in industry, as well as for 
assessing the impact of such approaches as OMC on sustainability ob
jectives. The OSFN approach combines economic viewpoints [40,41], 
environmental accountability [42,43], and social consciousness 
[27,43]. These are given importance in the aims of construction projects.

For developing countries, such as Malaysia, OMC offers prosperity in 
sustainability. Economically, OMC is cost efficient as it consumes less 
build/assemble time. Due to control manufacturing OMC follows a 
minimalist waste strategy [40]. The monitored production line of OMC 
components reduce environmental carbon footprints and energy con
sumption, which offsets the negative effects of conventional construc
tion [42]. Socially, OMC enhances the safety of the workers, generates 
employment opportunities for the people in the local area, and enhances 
the provision of affordable houses to the needy people in Malaysia and 
other developing countries [43]. Table 1 identifies 22 OMABs and 3 
OSFN factors gathered from the literature.

Based on the discussion shared above this study deduces the 
following hypotheses: 

• Hypothesis 1 Resource availability Barriers (SN1) positively in
fluences the Overall Sustainable Future Needs (OSFN).

• Hypothesis 2: Process management Barriers (SN2) positively in
fluences the Overall Sustainable Future Needs (OSFN).

Table 1 
Indicators and their corresponding coding systems for Independent and dependent constructs.

Construct Type Indicator Indicator 
Code

References

Resource Availability 
Barrier (SN1)

Independent 
Variable (IDV)

Arguments on the lack of skilled Labor in OMC RA_1 [14,18]
Insufficient comprehension of OMC knowledge resources RA_2 [26,27]
Arguments suggesting there is a lack of design standards in OMC * RA_3 [19,44]
Lack of manufacturing supplies to fulfill OMC orders RA_4 [28,29]
Claims that governmental Incentives are insufficient for OMC against traditional 
construction methods

RA_5 [45,46]

Claims that governmental Initiative support is insufficient * RA_6 [20,27]
Process Management Barrier 

(SN2)
IDV Design phase management in OMC is poor PMF_1 [13,47]

Lack of maintenance methods in OMC PMF_2 [30,31]
Impossible renovation capabilities PMF_3 [48,49]
Lack of quality management in OMC PMF_4 [13,50]
Impossible stocks control ability in OMC PMF_5 [21,51]
Failure in team collaboration PMF_6 [16,32]
Arguments that Innovative customisation imposes several limitations in post construction 
processes

PMF_7 [52,53]

Redesigning process imposes hurdles in OMC * PMF_8 [27,30]
Claims that procurement system is poor in OMC PMF_9 [22,54]
Claims that design Integration is impossible in OMC PMF_10 [27,42]

Issues and Perception 
Barrier (SN3)

IDV Existence of negative social perception among OMC stakeholders IPF_1 [21,33]
The concern that fragmentation associated with OMC will add more to the cost in 
transportation

IPF_2 [34,35]

Claims that design complications associated with OMC are more than traditional 
construction *

IPF_3 [23,50]

Existence of complex documentary weightage/score mechanism using traditional 
construction simultaneously with OMC in Malaysia

IPF_4 [30,55]

Claims that un-controlled carbon emissions in OMC poses threats to environment * IPF_5 [24,56]
Fear of stakeholder investment in OMC IPF_6 [25,36]

Overall Sustainable Future 
Needs (OSFN)

Dependent Variable 
(DV)

Economic (i.e., Integrating a OMC cost measurement platform to emerging technology) FNF_1 [40,41]
Social (i.e., Development of an integrated OMC time measurement approach with a 
perspective against traditional construction method)

FNF_2 [27,43]

Environmental (i.e., Developing a OMC carbon emission measurement technology (CEMT) 
integrated with an emerging construction technology platform)

FNF_3 [42,43]

* Elements added as a part of pilot survey to satisfy the comments of industry/academic experts.
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• Hypothesis 3 Issues and perceptions Barriers (SN3) positively in
fluences the Overall Sustainable Future Needs (OSFN).

3. Research methodology

This study follows a three-stage approach, outlined in Fig. 1. The 
stages included are (1) Conducting an extensive literature review to 
pinpoint challenges associated with adopting OMC methods OMABs; (2) 
Developing a questionnaire to gauge the importance of overcoming 
identified challenges for achieving OSFN; and (3) Correlating OMABs 
and OSFN as a mathematically validated PLS-SEM model in terms of 
residential projects.

3.1. First stage: An extensive literature review

Conducting a comprehensive review aimed at categorising the 
model’s constructs and indicators involved an exhaustive search for 
sustainable OMC. This thorough investigation utilised various internet 
databases, including Google Scholar, Scopus and Web of Science. Spe
cific keywords and their combinations, such as ’Offsite modular Con
struction,’ ’Barriers in Offsite modular Construction,’ ’Malaysia,’ 
’Sustainability,’ ’Sustainable Construction,’ and ’Developing Countries,’ 
were employed during the search. The primary objective of this review 
was to meticulously identify and amalgamate all pertinent research 
findings related to the designated subject matter.

Conducting a thorough examination of the current body of literature, 
the scholars endeavoured to comprehensively explore, scrutinise, and 
integrate research findings. This endeavour encompassed the acquisi
tion, refining, and classification of data at various junctures. In the 
pursuit of constructing our theoretical framework, it became imperative 
to embark upon a crucial measure aimed at extracting the OMABs. To 
develop our theoretical model, a meticulous examination of the data was 
undertaken, compelling the need to reduce the influx of information 
through careful selection, simplification, and extraction of pertinent 
data and information. A careful selection process ensured the exclusion 
of redundant elements and unnecessary studies within the researched 
subjects. Examining OMABs over 14 years, from 2009 to 2023, provided 
a comprehensive understanding of the investigations. In the exploration 

of scholarly works Saad et al. highlighted the utility of this methodology 
in conducting a thorough literature review [14]. Illustrated in Fig. 2 is 
the theoretical model underpinning the coding system for the present 
study.

3.2. Second stage: Developing the questionnaire survey

Focusing on residential projects within Malaysia, an emerging 
nation, the survey questionnaire was designed to investigate how 
overcoming OMABs influences the attainment of OSFN. The question
naire consists of four principal segments, encompassing (1) an overview 
of the demographic characteristics of the respondents; (2) structured 
questions with predetermined responses, exploring the respondents’ 
perspectives on the influences of OMABs to attain OSFN; (3) structured 
questions to assess the respondents’ opinions on environmental, social, 
and economic aspects of OSFN; and (4) allowing respondents to identify 
any significant barriers they perceive in the pursuit of OSFN using an 
open-ended inquiry. The participants assessed the OMABs and OSFN, 
drawing upon their expertise and understanding, employing a five 
optioned Likert scale for evaluation. This method has been commonly 
used in many previous studies such as Hannan et al [57].

3.2.1. Pilot test for the study
After initiating a preliminary investigation, a pilot study appraised 

the questionnaire’s effectiveness, consistency, and thoroughness [58]. 
Following the investigation by Abdul et al., the commencement of a pilot 
study is essential, underscoring the need to demonstrate the achieve
ment of the study’s objectives using the selected methodology [59]. At 
the outset, adhering to the prescribed minimum of 10 participants for a 
pilot study [58], a pilot questionnaire was crafted and distributed among 
20 participants, encompassing 15 experts from the construction sector 
and 5 scholars with a decade of academic experience. In the course of 
this study, participants critically examined question phrasing, identified 
issues in the questions, validated the survey’s OMABs and OSFN factors, 
and offered valuable feedback. Following the valuable input provided by 
the 20 experts, certain inquiries underwent restructuring in alignment 
with the suggested proposals. These changes are identified in Table 1.

Fig. 1. Schematic representation of the study’s three-staged research flowchart.
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3.2.2. Reliability and consistency of responses
Ensuring the uniformity of the pilot questionnaire involves 

employing the Cronbach’s alpha coefficient, an evaluative metric for 
gauging its reliability [60]. To guarantee the steadfastness of re
spondents’ assessments, specifically in appraising the impact of 
addressing OMABs and OSFN factors within housing initiatives, the 
reliability of the Likert scales measurement techniques is ascertained 
through this calculation.

Illustrating the Cronbach alpha coefficient is Equation (1), wherein 
the total number of barriers is denoted by (K), the variance in the current 
sample for respondents is represented by (S2i), and the summation of 
variance for respondents is expressed as (S2 sum). 

Cronbach alpha coefficient (α) =
(

K
K + 1

)[

1 −

∑
S2i

S2Sum

]

(1) 

Indicative of a commendable level of consistency, the value for the 
overall Cronbach’s alpha coefficient within the pilot sample was 0.91, as 
emphasised by Keinbar et al [9].

3.2.3. Questionnaire target population
Derived from the criteria delineated by Keinbar et al. [9], the se

lection of participants involved the application of two specific condi
tions: a requisite for individuals to hold a construction project 
management or civil engineering or degree (Criterion 1), along with an 
imperative necessitating a practical experience of at least 5 years (Cri
terion 2).

3.2.4. Sample size selection
Given the nascent status of OMC within the Malaysian context, an 

approach grounded in random probability sampling was adopted for this 

investigation [14]. This methodology ensured that experts across Perak 
and Selangor were afforded an equitable opportunity for selection. Its 
application aimed at facilitating the acquisition of responses that are 
both dependable and precise by the authors. Utilising the dataset fur
nished by the Construction Industry Development Board (CIDB), one 
observes a populace of 23,714 stakeholders involved in prefabrication 
[61]. With a 5 % margin of error and a confidence level of 92.5 %, ac
counting for a response distribution of 50 %, the application of the Glenn 
Israel method yields a determined sample size of 314 responses as 
identified and located by GIS via CIDBs portal in Fig. 3 [62].

Within this investigation, structural equation modelling (SEM) 
served as the employed analytical method. According to Ammad et al. a 
minimum of 100 cases is imperative for a robust dataset, i.e. convenient 
sampling [63]; however, our collection surpassed this requirement with 
314 cases, affirming its suitability for the chosen methodological 
approach. In the pursuit of data acquisition, an electronic survey was 
sent to chosen respondents in the Perak and Selangor regions of 
Malaysia meeting the predefined inclusion criteria. Out of 510 ques
tionnaires disseminated, 319 valid responses were received, achieving a 
62.5 % response rate, surpassing the specified minimum threshold for 
acceptability.

3.2.5. Profiles of respondents
Sourced from a diverse assembly of professionals actively engaged in 

Malaysian construction industry, the demographic particulars of the 
participants are meticulously laid out in Table 2. Based on the presented 
dataset, it is evident that a significant portion of participants possessed 
an experience level of fewer than 10 years. A notable number were 
engineering professionals. The majority favoured offsite modular resi
dential projects, though not all were exclusively experienced in this 

Fig. 2. The coding system of the study as depicted by the theoretical model.

Fig. 3. Malaysian offsite modular stakeholders GIS based locations extracted from the CIDB portal.
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area. This is noteworthy, given the unconventional use of OMC in this 
context. Therefore, the scrutiny enlisted adept individuals from the 
domains of construction-commercial. For the study an informed consent 
was obtained from all participants at the stage of questionnaire distri
bution, and their confidentiality was ensured in accordance with ethical 
guidelines.

3.3. Third stage: Developing the PLS-SEM

Overcoming barriers to prefabrication adoption in residential pro
jects is the central focus of this study, exploring its significant impacts. 
Reinforcing the prerequisite, OMC adoption and OSFN are the primary 
subjects under investigation, with a scientific methodology employed to 
assess their interconnection. In addition, developmental and contem
plative factors, derived from existing literature, were incorporated into 
the investigation to authenticate the proposed theoretical framework. 
Employing the prevalent statistical method of PLS-SEM, investigators 
analysed the interconnectedness among latent variables in a structural 
equation model to achieve study objectives, including the validation of 
the proposed theoretical framework [63].

With enhanced flexibility compared to covariance-based structural 
equation modeling (CB-SEM), PLS-SEM was chosen for this study, 
providing a methodologically advanced statistical foundation for eval
uating diverse factors and ensuring precision in predictions, along with 
the effective reallocation of experimental outliers [64]. Distributional 
assumptions aside, CB-SEM, unlike PLS-SEM, generally demonstrates 
increased sensitivity to sample size [64]. At the crux of the data’s 
foundational framework, the PLS-SEM technique finds its relevance in 
studies that focus on forecasting outcomes rather than evaluating hy
potheses. PLS-SEM uses bootstrapping procedures to determine path 

coefficients and p-values, which makes it possible to obtain accurate 
results even with a limited number of cases (e. g., below 100). Confir
matory factor analysis (CFA) is the initial step in the two-stage process of 
PLS-SEM, a method employed for validation. Here, the measured in
dicators serve to represent the relevant constructs in the validation of 
the measurement model [65]. In the subsequent step, path analysis is 
employed at the outset to test research hypotheses, with the formulation 
of the structural model following suit.

3.3.1. Reliability testing of PLS-SEM model
In PLS-SEM model the indicator reliability (IR) is assessed through 

outer loadings of the indicators on their latent constructs. Loadings 
above 0.70 are preferred, though values as low as 0.40 can be acceptable 
in exploratory models, whereas the composite reliability (CR) measures 
internal consistency of the construct, with values between 0.70 and 0.95 
indicating good reliability.

3.3.2. Validity testing
The convergent validity in PLS-SEM is evaluated using Average 

Variance Extracted (AVE), which reflects the average variance shared 
between a construct and its indicators. An AVE value above 0.50 sug
gests adequate convergent validity. While, the discriminant validity is 
assessed using the Fornell-Larcker Criterion and HTMT ratio. For 
Fornell-Larcker Criterion square root of the AVE for each construct 
should be greater than the correlations with other constructs, while for 
HTMT ratio values below 0.85 (or 0.90) suggest discriminant validity.

3.3.3. Structural model evaluation
The SEM in PLS is evaluated using (1) Collinearity (VIF), where 

variance inflation factor (VIF) should be below 5 to avoid multi
collinearity, (2) Path Coefficients, where significance and strength of 
relationships between constructs are tested using bootstrapping for t- 
values and p-values, (3) R2, which indicates the explanatory power of 
endogenous constructs, showing how well the model explains the vari
ance in the dependent variables, (4) Predictive Relevance (Q2), which 
utilises blindfolding, Q2 values above 0 suggest the model has predictive 
relevance.

4. Results

4.1. First order measurement model construct

Convergent and discriminant validity play pivotal roles in evaluating 
the measurement model. Emphasising the significance of construct 
alignment, it becomes essential to estimate both types of validities to 
identify potential distinctions. For the assessment of convergence, a 
thorough analysis of the average variance extracted (AVE) [66], com
posite reliability [67], Cronbach’s alpha [68], and outer loading is 
imperative [69]. Fornell and Larker’s criterion takes precedence in 
addressing discriminant validity within this framework, with the sec
ondary criterion specifically focused on cross-loading [70].

Initiating with the assessment of outer loadings, which gauges in
terconnections amongst the contributions made by each indicator to its 
designated construct, Ammad et al. advocate for an acceptable outer 
loading limit of 0.50 [63]. This limit falls within the range of 0.40 to 
0.70 [71], reflecting the inherent variation in indicators. In Fig. 4, the 
outer loadings for all variables in the modified measurement model are 
illustrated, while the corresponding values in the first model are pre
sented in Table 3. In accordance with the study’s findings, outer load
ings, excluding RA_1, PMF_3, and PMF_10 were considered suboptimal. 
The relevant constructs influence diminished as outer loading factors 
measured less than 0.5 [71]. Consequently, these indicators were 
excluded from the starting measurement model. The elimination of the 
identified variables necessitated a re-assessment of the model’s overall 
structure.

At the core of variable measurement lies the assessment of coherence 

Table 2 
Respondent demographics.

Question Demographics Frequency Percentage

1 Level of Education
1.1. Diploma/Advanced Diploma 163 51.9
1.2. Bachelor’s Degree/ Professional 

Qualification
87 27.7

1.3. Master’s Degree/PhD Degree 64 20.4
1.4. Others 0 0
2 Position at Organisation
2.1. Project Director 26 8.3
2.2. Professional Technologist 89 28.3
2.3. Engineer 157 50.0
2.4. Professor/ Lecturer 42 13.4
3 Construction Industry Experience
3.1. 1 to 5 Years 55 17.5
3.2. 6 to 10 Years 131 41.7
3.3. 11 to 15 Years 85 27.1
3.4. More than 15 Years 43 13.7
4 Type of Organisation
4.1. Public Organisation 262 83.4
4.2. Private Organisation 48 15.3
4.3. Non-Governmental Organisation (NGO) 4 1.3
4.4. None 0 0
5 Employees in Organisation
5.1. 1 to 10 Employees 0 0.0
5.2. 11 to 20 Employees 0 0.0
5.3. 21 to 30 Employees 33 10.5
5.5. More than 30 Employees 281 89.5
6 Offsite modular Residential Projects conducted in the last 3 years
6.1. 1 to 10 Projects 162 51.6
6.2. 11 to 20 Projects 51 16.2
6.3. More than 20 Projects 6 1.9
6.4. None 95 30.3
7 Work volume in the last 3 years (USD)
7.1. Less than $2 Million 151 48.1
7.2. $2 Million – less than $4 million 61 19.4
7.3. $4 million – less than $8 million 78 24.8
7.4. $8 million – less than $10 million 0 0.0
7.5. More than $10 million 24 7.6
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through the Cronbach alpha, emphasising the coefficient of consistency. 
To ensure alignment with composite reliability, a critical threshold 
surpassing 0.7 is imperative, mitigating concerns about Cronbach’s 
alpha performance [68,71]. The conditions defined are met by the 
variables of structural equation model (SEM) in Table 3.

In response to the limitations posed by Cronbach’s alpha, which 
gauges sensitivity to various factors, an evaluation of composite reli
ability was conducted. Achieving acceptance in this analysis necessitates 
a composite reliability threshold exceeding 0.7 [67,71]. A positive 
demonstration by the variables of SEM is illustrated in Table 3.

Average Variance Extracted (AVE) serves as a customary metric for 
evaluating the congruence credibility of the model’s constructs, repre
senting a commendable practice. Values surpassing 0.50 are deemed 
satisfactory [71], a further affirmation supported by the positive values 
for AVE in the discussed SEM is outlined in Table 3.

Upon meeting the prescribed standards, discriminant validity is 
established when the construct diverges suitably from other constructs. 
Discriminant validity is applied to ensure the safeguarding of the 
distinctiveness and independence of each construct within Partial Least 
Squares [64]. At the outset, this guarantees the model’s ability to gain 
insights missed by other constructs. Commencing with an analysis 
rooted in Fornell and Larcker’s criteria, the scrutiny unfolds in exploring 
the correlation between a construct and the square root of its AVE [66]. 
To gauge discriminant validity, two distinct methods present them
selves: the cross-loading criterion and Fornell Larcker’s criterion [70]. 

Under Fornell Larcker’s criterion, a prerequisite for validity emerges: 
the relationship between the constructs should not surpass the square 
root of the AVE of the construct [72].

In accordance with the provided model, the discernment validity is 
effectively showcased through the results depicted in Table 4. In 
assessing construct validity, it is imperative to ensure that, on a given 
row, the loading value of each indicator, coupled with its corresponding 
construct, surpasses the loading value of the alternative construct. This 
criterion is effectively employed through the cross-loading analysis, 
highlighting the necessity for discerning relationships between in
dicators and constructs. Table 5 presents Cross loadings results, con
firming significant singularity for each construct, underscoring study 
implications.

4.2. Second order measurement model construct

In delineating secondary-order constructs, primary constructs, 
depicted as autonomous, assume a central role. OMABs, prominently 
featuring a formative construct, have the OSFN at its core as a reflective 
construct. Evaluating the importance of individual first-order constructs 
employed the bootstrap method [73]. Predictions of closely correlated 
indicators are rare in formative measurement models. The collinear 
nature among significant formative factors gives rise to a pertinent issue 
[71,73].

Setting a maximum threshold value of 5, the evaluation of 

Fig. 4. Order measurement model with outer loading values for offsite modular construction adoption barriers.
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collinearity in the formative elements of the constructs within the 
model, especially during the application of PLS modeling, is efficiently 
conducted through the Variance Inflation Factor (VIF) [71].

In the context of OMC, three core subscales surface, covering 
resource availability, process management, and Issues and perceptions. 
Notably, a path coefficient β and p values alignment manifest within 

these domains. The model construct, depicting interrelations among its 
components, is aptly measured by the β statistical metric, offering 
valuable correlation insights. Acceptance hinges on path coefficients, 
with a requisite that the p-value threshold stays below 0.05 [71].

At the forefront of analysis are the VIF and path coefficient (β) 
values, with Table 6 and Fig. 5 providing visual representation. The 
examination reveals that the foremost β value, standing at 0.529, per
tains to matters and viewpoints, while the least significant β value is 
marked at 0.204. Consequently, SN3 demonstrates a greater extent of 
variance and influence on OMABs, whereas SN1 exhibits the least 
variance and impact on OMABs. Indicating the autonomous role of these 
subdomains within the higher-order construct, the VIF values adhere to 
the prescribed threshold of 5.

4.3. Structural equation model’s path analysis

In SEM, the path analysis investigates direct and indirect relation
ships among variables within a theoretical framework [74]. The primary 
analysis phase of SEM involves employing the structural model to un
derstand interconnections among theoretical components. This method 
strategically positions logical constructs and concludes with path anal
ysis, providing a comprehensive investigative flow in scholarly research 
[63].

Examining the adequacy of the model fit precedes the analysis of the 
structural model, which highlights the interconnections amongst the 
constructs [75]. The evaluation primarily centers on assessing overall 
model adequacy and conjectured parameter estimations. Following this, 
attention is given to determining the significance of the relationships, 
their direction, and the magnitude of their effects [76].

In the study, bootstrapping generated samples resembling the orig
inal dataset through random re-sampling [73]. The examination focused 

Table 3 
Construct reliability and validity tests for the structural equation model.

Latent Variables Items Outer Loadings Composite Reliability Cronbach’s Alpha Average Variance Extracted (AVE)

Initial Model Values Modified Model Values

SN1 RA_1 0.11 Deleted 0.914 0.816 0.586
RA_2 0.843 0.843
RA_3 0.86 0.859
RA_4 0.689 0.697
RA_5 0.831 0.835
RA_6 0.549 0.545

SN2 PMF_1 0.568 0.545 0.873 0.867 0.581
PMF_2 0.57 0.596
PMF_3 0.326 Deleted
PMF_4 0.632 0.64
PMF_5 0.749 0.741
PMF_6 0.79 0.786
PMF_7 0.814 0.81
PMF_8 0.753 0.748
PMF_9 0.762 0.744
PMF_10 0.162 Deleted

SN3 IPF_1 0.802 0.802 0.914 0.888 0.640
IPF_2 0.808 0.808
IPF_3 0.801 0.801
IPF_4 0.824 0.824
IPF_5 0.772 0.772
IPF_6 0.791 0.791

PN2 FNF_1 0.829 0.828 0.911 0.855 0.773
FNF_2 0.912 0.912
FNF_3 0.894 0.895

Table 4 
Fornell-Larcker’s discriminant validity and construct correlation.

Constructs SN3 PN2 SN2 SN1

SN3 0.8 ​ ​ ​
PN2 0.555 0.879 ​ ​
SN2 0.616 0.402 0.707 ​
SN1 0.522 0.22 0.686 0.766

Table 5 
Assessing discriminant validity of indicators through cross loadings.

Construct/Indicators SN3 PN2 SN2 SN1

FNF_1 0.381 0.828 0.301 0.142
FNF_2 0.458 0.912 0.316 0.16
FNF_3 0.589 0.895 0.421 0.257
IPF_1 0.802 0.433 0.469 0.404
IPF_2 0.808 0.391 0.495 0.41
IPF_3 0.801 0.368 0.475 0.375
IPF_4 0.824 0.451 0.54 0.476
IPF_5 0.772 0.487 0.48 0.334
IPF_6 0.791 0.502 0.491 0.493
PMF_1 0.104 0.075 0.545 0.42
PMF_2 0.696 0.484 0.596 0.403
PMF_4 0.38 0.158 0.64 0.522
PMF_5 0.27 0.209 0.741 0.472
PMF_6 0.353 0.234 0.786 0.587
PMF_7 0.404 0.231 0.81 0.562
PMF_8 0.35 0.225 0.748 0.477
PMF_9 0.361 0.236 0.744 0.463
RA_2 0.446 0.215 0.515 0.843
RA_3 0.461 0.15 0.528 0.859
RA_4 0.312 0.137 0.432 0.697
RA_5 0.539 0.196 0.622 0.835
RA_6 0.15 0.118 0.538 0.545

Table 6 
Bootstrapping second order reflective construct results.

Path β p ¡ Values Inner VIF

SN1 → PN2 0.204 <0.001 1.946
SN2 → PN2 0.216 <0.001 2.281
SN3 → PN2 0.529 <0.001 1.662
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on the hypothesis within the framework illustrated in Fig. 4, centering 
the analysis on the hypothesis which is the impact of overcoming 
OMABs to achieve OSFN for residential projects. To evaluate the sig
nificance of the hypothesis, the study employed the bootstrapping 
method, taking into account statistical significance and dataset reli
ability [71].

For the bootstrapping method applied, βSN1→PN2 = 0.204, βSN2→PN2 
= 0.216, and βSN3→PN2 = 0.529 highlight the statistically advantageous 
and noteworthy impact of addressing OMABs on OSFN, depicted by 
Fig. 5 and Table 6.

4.3.1. SEM’s explanatory power with R2

The explanatory power of the structural model denotes its ability to 
account for the variance in the dependent variable. The coefficient of 
determination (R2) reflects the degree to which the independent vari
ables explain the variance in the dependent variable, thereby indicating 
the explanatory power of the structural model from 0 to 1 [71]. The 
efficacy of the structural model lies in its ability to gauge the variation of 
the dependent parameter it elucidates. Through the PLS algorithm, 
numerous squared correlations are computed for the dependent 
element. Elevated R2 value signifies enhanced predictability, indicating 
how well the model captures variability in the data. For a specific 
endogenous variable in SEM, the explanatory power is quantified by its 
R2 value as follows: 

R2 = 1 −
Variance of the residuals (unexplained variance)

Total variance
(2) 

For this study, an R2 value of 0.336 for the endogenous latent vari
able OSFN in SEM indicates that about 33.6 % of its variance is 
explained by the included predictors, which according to Hair et al. 
reflects a moderate level of explanatory power as depicted in Table 7
[71].

4.3.2. SEM’s predictive relevance (Q2)
Predictive relevance (Q2) in SEM measures the model’s predictive 

power by assessing how well it forecasts endogenous variables based on 
exogenous ones. It is calculated through cross-validation methods, 
showing the proportion of variance predicted beyond the sample data. 
Predictive relevance’s importance lies in validating model predictabil
ity, aiding in generalisability and decision-making regarding model 
reliability. For the given data in Table 8, the Q2 value of 0.249 (greater 
than zero) reinforces study’s SEM’s reliability of predicting dependent 
variable from an independent variable beyond sample data. Thus, based 
on Hair et al., the SEM demonstrates notable predictive relevance [71]. 
The general formula for Q2 is as following, where Yactual, Ypredicted, and 
YMean refer to the actual, predicted and mean values of the endogenous 
constructs. 

Fig. 5. Second order measurement model with outer construct loading values and Cronbach alpha values in latent/endogenous variables.

Table 7 
The coefficient of determination (R2) values for SEM.

Latent Variable 
(Endogenous)

0 < R2 < 1 Adjusted 
R2

Size 
Classification

OSFN 0.336 0.329 Moderate
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Q2 = 1 −

∑
(Yactual − Ypredicted)

2

∑
(Yactual − YMean)

2 (3) 

5. Discussions

5.1. Resource availability barriers

Resource availability barrier in the OMC industry denote limitations 
in access, allocation, and management of essential materials, manpower, 
equipment, and technology throughout the construction process [77]. In 
our SEM analysis, the resource availability barrier scored a path coef
ficient of β = 0.204, ranking third. This is in line with Saad et al., where 
they note that knowledge resources and resource management of OMCs 
are critical in developing nations [27]. This suggests a notable impact on 
OMC efficiency, highlighting the need for strategic resource manage
ment in projects. OMC demands coordinated logistics and skilled labour 
for both on-site assembly and component production, distinguishing it 
from traditional construction processes [14].

Developing countries can tackle the resource availability challenge 
in OMC by investing in infrastructure, building supplier partnerships, 
training the workforce, and using technology to optimise resource use 
[27]. This enhances construction efficiency and promotes sustainable 
development. A study by Saad et al. underscores the significance of 
comprehending OMC knowledge resources for successful adoption 
within the MCI, emphasising the critical role of understanding in facil
itating OMC implementation effectively in developing countries [27]. Lu 
et al also note an insufficient comprehension of OMC knowledge re
sources among the identified 24 risks inhibiting OMC implementation in 
Asian countries, underscoring the pivotal role of government in 
addressing such challenges through appropriate policies and regulations 
[26]. Azman et al highlight the challenge of the lack of manufacturing 
supplies to fulfill OMC orders in MCI, where the number of OMC 
manufacturing plants surged from 21 in 2002 to 143 factories in 2010, 
with precast concrete being the most favored system, but saw a slight 
decline in coming years [28,78]. This statement is supported by Rashidi 
et al., who noted a persistent lack of manufacturing supplies to fulfill 
OMC orders, particularly significant in 2020 to 2023, emphasising the 
imperative for enhanced productivity and innovation through the 
adoption of OMC in MCI to address these challenges and improve overall 
efficiency, which is in line with our study [29,79]. Nawi et al. assert that 
despite governmental support, few projects in MCI utilise OMC, citing 
traditional barriers and poor stakeholder integration as primary reasons 
[45]. Din et al. contradict with Nawi et al. and state that governmental 
incentives fall short in supporting OMC compared to traditional methods 
in developing countries like Malaysia. Despite the industry’s embrace of 
OMC for better quality, productivity, and risk reduction, the chronology 
of OMC adoption reveals past challenges and foreign system limitations 
[46]. Furthermore, Johan et al. assert that governmental initiative 
support for sustainable elements in construction industries is insufficient 
[80]. In addition, organisational information communication technol
ogy (ICT) uptake remains a challenge for OMC adoption in developing 
countries [20].

5.2. Process management barriers

Process management in the context of OMC involves coordinating 
and controlling various aspects of a construction project to achieve a 
sustainable outcome within the construction life cycle [18]. Based on 

the SEM analysis from this study the process management barrier ranked 
second with a path coefficient of β = 0.216. This suggests that effective 
coordination and control of project aspects are crucial for achieving 
sustainable outcomes within the construction life cycle. Addressing 
process management challenges is essential to enhance project effi
ciency and minimise risks in OMC projects.

To reinforce the significance of process management for developing 
countries in offsite modular construction, the findings of this study align 
with Mohsin et al. emphasise the critical role of leadership in total 
quality management (TQM) for OMC projects, while Xie et al. propose a 
case-based reasoning (CBR) model to enhance decision-making in the 
design phase [13,47]. Similarly, Ismail et al.’s integration of defect 
diagnosis and BIM addresses maintenance challenges in Malaysian 
prefab buildings, aligning with Wang et al.’s focus on stochastic resource 
scheduling and machine maintenance for optimised OMC production 
systems. Together, these studies highlight the importance of effective 
process management throughout the lifecycle of offsite modular con
struction projects [30,31].

In terms of enhancing quality, Li et al. in their study highlight a need 
for Radio Frequency Identification (RFID) and Global Positioning Sys
tem (GPS) technology in OMC component transport. Utilising these will 
enable stakeholders to track component movement with improved lo
gistics efficiency in OMC industry [50]. Chen et al.’s study highlights key 
factors influencing construction time performance in offsite modular 
construction, including project technology system, project delivery 
system, and effective management of project complexity. Ahmed et al.’s 
study with 126 Pakistani prefab-stakeholders extends this focus to fail
ures in team collaboration, emphasising the critical role of process 
management in achieving sustainability performance. These findings 
collectively underscore the importance of process management in 
addressing collaboration challenges and optimising project performance 
in offsite modular construction [16,32].

Piroozfar et al. and Bischof et al. address the limitations imposed by 
innovative customisation in post-construction processes in offsite 
modular construction. Piroozfar et al. propose a solution that utilises the 
principles of configuration and BIM, demonstrating potential improve
ments through a case study of a customisable façade system. In line with 
this, Bischof et al. propose a value-driven approach that combines 
traditional construction and digital fabrication processes to tackle 
environmental sustainability challenges. Together, these studies provide 
complementary insights and offer different perspectives on addressing 
the limitations of innovative customisation in offsite modular con
struction, emphasising the importance of both configuration and envi
ronmental sustainability considerations [52,53].

Both Ariffin et al. and Chen et al. state the importance of process 
management in offsite modular construction and propose solutions to 
address the poor procurement system. Ariffin et al. suggest Separation of 
IBS from Main Contract, Partnering, and Integrated Project Delivery 
(IPD), while Chen et al. offer a mathematical model and genetic algo
rithm for optimised procurement, resulting in reduced construction 
duration and cost savings. These studies reinforce the significance of 
effective process management in improving procurement practices in 
offsite modular construction [22,54]. Saad et al. adds to this and ad
vocates for increasing skilled labor, introducing renovation capabilities, 
and addressing negative social perceptions, while Ismail et al. suggest 
integrating defect diagnosis and BIM to enhance maintenance manage
ment practices and improve knowledge transfer of OMC component 
defects in Malaysian prefab buildings [27,30].

5.3. Issues and perceptions barriers

In the scenario of developing countries OMC adoption, the “Issues 
and perceptions” refer to an array of barriers as included in the Litera
ture Review Table. The barrier ranked first with a path coefficient of β =
0.529. This value indicates a critical influence of identified indicators in 
SEM, i.e., perceptions on social/finances, complex design/ 

Table 8 
Predictive relevance (Q2) values for SEM.

Latent Variable 
(Endogenous)

Sum of squares of 
observations (SSO)

Sum of squared 
errors (SSE)

Q2 ¼ (1- 
SSE/SSO)

OSFN 133.743 100.489 0.249
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documentation and carbon emissions affirming the given concern of 
OMC adoption in developing countries. This aligns with Riduan et al.’s 
emphasis on improving contractor satisfaction and Izatul et al.’s focus 
on better communication and education in modular construction 
[21,33]. Nasrun et al.’s recommendation for integrated design to reduce 
fragmentation and transportation costs also supports our findings [34].

Riduan et al. suggest boosting contractor satisfaction and integrating 
sustainability in IBS implementation to improve stakeholder perceptions 
and project competitiveness. This complements Izatul et al.’s proposal of 
enhancing communication and education to address similar challenges 
in offsite modular construction projects [21,33]. Nasrun et al. proposed 
an integrated design and construction approach to minimise fragmen
tation gaps, potentially mitigating transportation expenses. Also, Tezel 
et al. recommends enhancing stakeholder collaboration and optimising 
logistics strategies to mitigate potential transportation cost escalations 
[34,35].

Li et al. suggests integrating defect diagnosis and BIM to address 
design complications in OMC, aim to enhance maintenance manage
ment practices and mitigate repeated defects. Wasana et al. stresses on 
adoption of panelised OMC method to mitigate design complications, 
improving time and quality performance [23,50]. Ismail et al. recom
mends integrating defect diagnosis with BIM to enhance maintenance 
management of OMC in developing countries. This matches with 
Mohammad et al. research of unifying assessment framework inte
grating traditional and offsite modular elements to mitigate barriers, 
reduce costs, and ensure quality of life [30,55].

Liu et al.’s solution introduces a real-time carbon emission moni
toring system for OMC, integrating cyber-physical systems to address 
uncontrolled carbon emissions, offering a timely and proactive means to 
monitor environmental impacts. Xiang et al. proposes a micro-level 
transportation carbon emissions calculation method, presenting reli
able data for optimising transportation efficiency [24,56]. Zhou et al. 
solution includes an evaluation index system and quantitative model, 
facilitating decision-making for the distribution of external benefits. 
Zairul et al. study introduces effective risk assessment and communi
cation strategies, emphasising sustainability of OMC to strengthen 
stakeholder confidence and encourage investment [25,36].

5.4. Overall sustainable future needs

Findings reveal that addressing the OMABs contributes to 33.6 % of 
the PN2 for residential projects. Emphasising the significance of 
addressing this barrier is crucial to achieving a high degree of sustain
ability in these projects. Moreover, the study’s average β value of 0.316 
suggests that dealing with OMABs is strongly linked with OSFN, which 
states that for each unit increase in the firm’s potential to address the 
OMABs, there is a correlation of 0.316 increase in the OSFN of con
struction projects. Similarly, a consistency of study’s outcomes is linked 
with OSFN. The objective of this section has been achieved, and the 
results are in line with earlier research, indicating the critical impor
tance of environmental, social, and economic objectives in sustainable 
construction activities [81]. The OSFN of a project is significantly 
affected by these factors.

5.5. Proposed strategies for overcoming OMC barriers

The technological readiness and infrastructure development in 
developing countries are critical in the application of OMC. High tech
nological readiness enables the use of sophisticated tools such as BIM 
and automation that are crucial in design and production. On the other 
hand, low technological readiness leads to skill gaps and low efficiency 
in the implementation of the technology. Also, there is a need to have 
strong structures for production, movement of modular parts, and 
availability of utilities. Lack of infrastructure may result in time delays, 
cost implications, and poor quality of services. Therefore, better tech
nology and structures greatly increase the effectiveness and 

effectiveness of OMC projects.
On the cultural level, the reluctance to change, the belief that 

products of OMCs are of lower quality, and the desire for unique designs 
may become an obstacle to the acceptance of OMCs. At the institutional 
level, there are challenges such as; policy challenges, lack of government 
support, and poor facilities. To make OMC an integral part of sustainable 
strategies, education campaigns, policy reforms and designs that can be 
adapted, are a need. The governments should alter the rules and policies, 
back OMC, and improve the infrastructure; the government and private 
sector can play a role in the advancement and application of OMC 
practices.

Past research lacked focus on addressing the challenges of OMABs 
and developing strategies to overcome these barriers to achieve OSFN in 
residential construction ventures. Considering this, the present study 
suggests a unified collection of methods and approaches essential to 
effectively address the complex network of challenges simultaneously. 
The proposed strategies are policy relevant because they involve the use 
of local resources, training of the workforce, and public–private part
nerships in the developing countries. 

1. For resource availability barrier: (1) Forge alliances with local sup
pliers to ensure a consistent supply of materials; (2) empowering 
local labor forces with the requisite skills, the dependency on spe
cialised external resources can be minimised; (3) utilising alternative 
materials or construction techniques that are abundant locally can 
help circumvent resource shortages; (4) Facilitate technology trans
fer and knowledge-sharing initiatives to transfer best practices and 
expertise in prefab construction to local stakeholders

2. For process management barrier: (1) develop standardised processes 
and procedures for prefabrication projects, outlining clear steps from 
design to installation; (2) Implement a robust monitoring and eval
uation system to track project progress, identify potential blockages, 
and address issues in a timely manner; (3) Develop comprehensive 
risk management strategies such as proactive planning for contin
gencies or regulatory challenges to achieve project timelines and 
budgets.

3. For issues and perception barrier: (1) Implement demonstration pro
jects showcasing successful offsite modular construction initiatives 
in diverse settings within developing countries; (2) Establish 
knowledge sharing platforms dedicated to sharing best practices, 
case studies, and research findings related to offsite modular con
struction in developing countries; (3) Develop capacity building 
programs targeted at local construction firms and workers to 
enhance their skills and capabilities in offsite modular construction 
techniques; (4) Promoting supportive regulatory frameworks and 
incentives at the governmental level to promote the adoption of 
offsite modular construction methods.

5.6. Validation

Following the development of the statistical model, validation of the 
study’s results was conducted. Within this framework, verification in
volves evaluating whether the method has effectively fulfilled its 
intended objective [82]. Consequently, the research findings were sub
jected to expert verification to assess the validity and authenticate the 
proposed structure. This step was taken to certify thorough, detailed, 
effective and impartial research results. A questionnaire survey was 
selected as the chosen method for validating the research outputs in this 
study. Shared with 20 experts who took part in the pilot test and showed 
curiosity for the topic. Using a Likert scale, respondents were requested 
to express their level of agreement with each question in the survey, 
aimed at managing the verification procedure. Designed to evaluate 
knowledge, resilience, and openness, the questionnaire aimed to iden
tify areas requiring enhancement as well. Derived from previous studies, 
four questions were applied in the current study to evaluate the 
authenticity of the results.
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The survey comprised two sections: open ended questions and closed 
ended questions. Respondents were encouraged to express their agree
ment levels for each verification pillar in the closed-ended questions, 
whereas they were encouraged to propose areas for improvement in the 
open-ended question. The five closed ended questions for verifications 
are as follows:

Q1. Is the study offering a rational and agreeable perspective in 
context of constraints associated with OMC adoption?

Q2. Are the strategies identified by the study for overpowering 
barriers to OMC adoption considered reasonable, acceptable, and 
applicable?

Q3. Does this study accurately establish the causal sequence between 
mastering OMABs and accomplishing OMC to attain OSFN?

Q4. Do the results presented in this study produce reliable and 
practical findings?

Q5. Does the OMC adoption model from this study apply in a general 
context?

6. Conclusion

The novelty and relevance of this study are evident from the fact that 
it has provided a solution to the acute housing and sustainability 
problems in the Malaysian construction industry through the imple
mentation of OMC. Despite the benefits of OMC in terms of speed, cost 
and sustainability, the implementation of OMC in Malaysia is still 
limited, mainly due to the lack of extensive research and knowledge of 
the challenges. This study addresses this gap by developing a compre
hensive list of 22 OMABs from a literature review and by collecting data 
from 314 experts in the Malaysian construction industry. The study, 
therefore, shows that there is a positive relationship between the elim
ination of these barriers and OSFN in terms of resource availability, 
process management, and perception-related factors. The policymakers 
and stakeholders can overcome these barriers if they focus on the use of 
local resources, improve the training of the workforce, simplify the OMC 
procedures, and increase the awareness through demonstration projects.

The conclusion derived from this study is relevant to other devel
oping countries that experience similar challenges in the adoption of 
OMC. The effective applicability of framework to the other such depends 
on local economy, regulations, culture and technological access. This 
means if a country has regulatory support, accessible and high skill re
sources OMC adoption will be easier against those countries where the 
discussed are not available.

This research is useful as it offers practical recommendations and a 
validated SEM framework for increasing OMC use in Malaysia and other 
developing countries, which can help to improve construction sustain
ability and efficiency and support the achievement of international 
environmental objectives.

7. Limitations and future direction

Despite achieving all research objectives and contributing to both 
knowledge and practice, the study shares some limitations that present 
future research opportunities. First limitation is the study’s geographical 
scope, i.e. questionnaire was distributed amongst the Peninsular (West) 
Malaysia and Malaysia (East) Borneo, but due to accessibility issues 
open ended validation survey only consisted of experts from Peninsular 
(West) Malaysia. It is recommended that future research should incor
porate experts from Malaysia (East) Borneo. The second limitation is 
that the study used the sustainability theory; therefore, future research 
should use any other behavioral theories as they may produce a 
remarkable result that will depict a different version of the same 
research.
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