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the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement. In addition, data from 97 responses collected from G7 construction
professionals were analysed using the Statistical Package for Social Sciences (SPSS). The
study uncovers various barriers hindering the adoption of digital twin technology in the
Malaysian construction industry. These barriers include financial uncertainties,
technological complexity, lack of standardisation, cyber security concerns and issues
related to intellectual property rights. Furthermore, barriers arise from the novelty of
the technology, the diversity of source systems, and interoperability issues. Moreover,
the study categorizes the identified drivers into distinct categories and sub-themes,
focusing on principles, production, operational performance and preservation. The
findings indicate that overcoming these barriers and utilising the identified factors
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could accelerate the implementation of digital twin technology in the Malaysian
Digital Twin; Construction Industry; construction industry. This study adds to the existing knowledge base and provides
Adoption; Barriers; Drivers insights to encourage the spread of digital twin technology in Malaysia.

1. Introduction
1.1 Research Background

Like any other sector, the construction industry is undergoing a gradual transformation to
embrace new technologies. This has given rise to an emerging shift in the construction industry
known as Construction 4.0 (C4.0). The concept of C4.0 has been described in various ways depending
on the context of the region or organisation discussing it. Broadly, C4.0 encompasses the
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digitalisation of construction and the built environment. For example, some agree that Construction
4. 0 pertains to new technologies that significantly enhance the performance of projects (Regional
Conference on Industrial Development 2019). Others view it as a use of Industry 4.0 technologies and
processes that have been adapted for the construction industry [26].

Interestingly, C4.0 concept is interpreted differently by various countries and regions. In Europe,
it aligns with the European Union’s Digital Single Market strategy. For instance, the UK employs
Building Information Modelling (BIM) and digital technologies to improve cooperation and
productivity among construction project team [40]. The emphasis is placed on the utilisation of
complex data analysis and BIM to optimise the processes of project management and collaboration.
However, in the United States, C4.0 is frequently associated with such innovative industries as
robotics, artificial intelligence, and the Internet of Things (loT). Government agencies and research
institutions like the National Institute of Standards and Technology (NIST) are working on frameworks
to incorporate these technologies in construction practices with the purpose of enhancing efficiency
as well as safety [21].

In Asia, countries like Japan and South Korea are leading in adopting robotics and automation in
construction. Japan has integrated robotics as a solution to labour shortages and as a means of
improving efficiency, focusing on new generation robotics and intelligent construction methods.
Moreover, Singapore's Smart Nation initiative integrates loT with construction processes to enhance
efficiency and sustainability (Smart Nation Singapore 2024).

In contrast, in most of the African nations, the perception of C4.0 is still evolving as the
advantages of digital technologies are gradually being recognised. However, factors such as lack of
technology and conventional practices limit the use of digital technologies. Efforts are being made to
eliminate these barriers by promoting innovation and education in technology [21].

Therefore, the differences in the definitions of C4.0 affect expectations, implementation plans
and perceived advantages. In regions with conservative cultures, C4.0 is expected to bring
improvements without disrupting existing processes. Developed nations anticipate rapid changes
and growth in efficiency and environmental performance. Implementation strategies also vary;
depending on a country’s focus area, there may be more training in digital modeling if BIM is
prioritised, or greater investment in automation technologies and workforce retraining in the case of
robotics [1, 21, 33].

The perceived benefits of C4.0 differ according to the definitions in local areas. Developed
countries may aim to raise productivity and cut costs, while developing countries may strive to
generate employment, build skills and better physical facilities. Definitions that emphasise
sustainability led to expectations of environmental gains, such as the minimisation of waste and
energy conservation, while regions that prioritise development expect immediate economic gains. In
conclusion, there is no common understanding of what C4. 0 entails, resulting in mixed levels of
expectations, implementation strategies and perceived benefits influenced by regional factors and
technological development [21].

Adding to this complexity, a country’s prosperity is determined by its economic development with
all the segments including the primary, secondary, tertiary and quaternary segments, contributing to
a stable economy [46, 38]. The construction industry is fundamental to the development of any
nation’s economy, as it shapes contributions of all sectors at every level [50]. Overall, there is about
$10 trillion in construction-related spending globally each year, equivalent to 13 percent of GDP [12].
The construction sector plays a significant role in the contributing to national GDP; hence, thereis a
need to develop this sector. It has been found that any change in the construction sector is likely to
affect all related sectors [47]. The construction sector plays a significant role in contributing to
national economy; thus, its impact on a country’s economy is characterised by forward and backward
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linkages with other sectors. All these linkages are contingent on performance; therefore, a shift in
any of the sectors will have a substantial impact on the country’s economy. Consequently, the
construction sector’s responsibility for the socio-economic development of any country is
undebatable [50].

In the global context, construction labour productivity has been rising at a slow rate of 1% % per
year over the last twenty years. This rate is much lower than the reported average of 2.8% of general
global economy growth and 3.6% of manufacturing industry. An analysis of overall productivity
growth in various countries shows that not more than a quarter of construction companies have met
performance indicators comparable to those of the general economy in which they operate. Many
fledgling enterprises suffer from incredibly low productivity levels, leading to situations where many
construction projects are either delayed or experience cost overrun. Understanding the significance
of these statistics, a recent McKinsey & Company (2020) reveals that the gap in digitisation between
industries is vast and continues to expand, as shown in Figure 1.

Globally, labor-productivity growth lags behind that of manufacturing and the total economy
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SOURCE: OECD; WIOD; GGCD-10, World Bank; BEA; BLS; national statistical agencies of Turkey, Malaysia, and Singapore; Rosstat; McKinsey Global
Institute analysis

Measuring productivity is challenging. We have used gross value added as our measure and used sector
deflators to account for price fluctuations. For further detail, see the technical appendix. Our analysis refers to
41 countries that generate 96 percent of global GDP.

Fig. 1. Global Productivity Growth Trends in Manufacturing, Construction Sector and the Total Economy [12]

Given the current barriers confronting the industry, including its poor productivity, the
construction sector faces immense pressure to complete projects within specified deadlines and
budgets while satisfying client requirements. Due to these barriers, organisations and leaders must
acknowledge the significance of understanding technological barriers and drivers in the context of
emerging countries, particularly Malaysia [5]. In light of this, the increased emphasis on data presents
opportunities to integrate digital technology and advanced automation into construction projects,
streamlining the construction process and making it more efficient, effective and productive [12, 10].

Bridging the digital divide gap has not become easier, particularly in the aftermath of the COVID-
19 outbreak. This has further emphasised the critical role of Construction 4.0 in embracing
technological advancement to revolutionise the industry towards greater digitisation, raising
productivity level to attain global competitiveness and making a significant contribution to the
country’s economic status [45]. In the era of Construction 4.0, there is no doubt that Building
Information Modelling (BIM) is the centrepiece of digital transformation in the built environment.
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BIM has become a widely accepted and standardised practice in many developed countries. Its
popularity has surged in recent years due to its broad acceptance and promising benefits, allowing
for better collaboration, coordination and information management throughout the building lifecycle
[22]. However, while BIM uptake is a positive step towards digitisation, much more is needed to
significantly enhance overall productivity within the industry [17].

A recent development called Digital Twin (DT) has elevated BIM processes to a completely new
level, offering enhanced sustainability and competitive advantages [54]. As noted by Deng et al., [16],
researchers widely acknowledge the combination of loT and BIM as a driving force behind the
development of the digital twin concept in Construction 4.0. Simply put, a digital twin is a virtual
counterpart that mimics a physical object or system in real time, allowing for testing and evaluating
its performance and effectiveness. The main objective is to establish a compatible connection
between the physical world and a digital platform, enabling smooth oversight and supervision
throughout the entire duration of a project [16]. The digital twin framework also leverages
various data sources, such as historical data and simulation results, to maximise asset performance
and prolong its lifespan. Continuous monitoring and diagnostic processes can help achieve this goal,
allowing for preventive measures to reduce the chances of failures, breakdowns, and unwanted risks.

Nevertheless, the utilisation of digital twin technology in the built environment is currently in its
early stages of progress [16, 23]. While the concept of utilising digital replicas for buildings has been
around for some time, it is only in recent years that technological advancements have enabled the
creation of incredibly precise and intricate digital twins of buildings. Previous studies have not fully
tapped into the vast potential of the digital twin concept, as highlighted by Istanullu et al., [23]. Thus,
it is crucial to develop a thorough understanding of the fundamental principles and practical
applications of digital twin technology within the construction sector.

In summary, from this study, we can see how construction professionals perceive barriers to and
drivers for digital twin adoption. As a guideline, it could benefit industry practitioners by providing
insights into the fundamental concepts and advantages of digital twin technology. Finally, it is
anticipated that the findings could help advance the National Construction 4.0 Strategic Plan (2021-
2025), thereby promoting and expediting the progression and implementation of digital twinning
among construction practitioners in Malaysia. Regarding the organisations examined in our study,
they can use the present results to evaluate their readiness to adopt digital twins, helping to promote
change and enhance industry efficiency through the incorporation of digital twin concepts into their
practices.

2. Background
2.1 Barriers of Digital Twin Adoption in Construction Industry
2.1.1 Complexity of digital twin technology

The utilisation of digital twin in the construction industry has faced barriers due to its high level
of sophistication. Users’ perceptions regarding the ease of incorporating this technology are crucial
factors influencing its adoption [53]. To maximise the efficiency of digital twin technology, it is
important to first understand its complexities. Digital twin technology integrates a combination of
analytics, visual representation and advanced technologies such as machine learning and Al to
understand and utilize the full potential of digital twin [52]. It can be challenging to implement digital
twin technology in the construction industry. Developing and maintaining a digital twin is a significant
endeavour that demands a deep understanding of technical complexities. Representing large,
complex and dynamic physical systems in a modelling environment adds an extra layer of complexity;
furthermore, the principles surrounding the creation of a digital twin model and the constantly
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changing nature of the built environment present additional barriers to implementing technology in
this particular industry.

2.1.2 Lack of standardization

Standardisation poses a significant barrier to the widespread adoption of digital twin technology
in construction industry. With the immaturity of the domain and ongoing progress in this technology,
common standards or methodologies are missing for creation, execution, ownership as well as
preservation of digital twins [55]. Exchanging data between different digital twins becomes
challenging, hindering their integration into existing systems and processes [51].

In addition, the lack of consensus on the definition and key characteristics or capabilities of a
digital twin presents another barrier [55]. This can lead to misinterpretations and uncertainties on all
sides of the discussion, complicating judgments about what constitutes a digital twin that qualifies
for best-case scenarios or as a standardized and fully functional digital twin [52]. Therefore, to
facilitate the interoperability of digital twin workflow, it is essential to first establish general syntactic
and semantic formats. Therefore, the design of algorithms and protocols fulfil for future research
initiatives for this purpose appears to be a formidable challenge [51].

2.1.3 Cyber security and intellectual property rights

This absence of regulations and laws also establishes a considerable barrier to digital
transformation in the built environment. For firms to develop their strategies effectively and channel
these into a proper structural configuration, they require clear governmental guidelines [7].
Moreover, it is important to highlight that the effectiveness of digital twin technology hinges on the
secure transmission of a wide range of data, including highly confidential, sensitive and private
project information [42]. In the absence of well-defined laws and regulations to safeguard this data,
there is a potential risk of data breaches, hacking, or other cyber threats [63].

Furthermore, the creation of a digital twin necessitates the utilisation of exclusive data and
models. In the absence of legislation, there may be conflicts regarding property rights and legal issues
related to digital twin technology [7, 55, 25]. For digital transformation to be truly successful and thus
drive growth in investment from buyers looking at these products as solution elements or
components of their vision—standard bodies and laws should be established supporting such
initiatives. These guidelines will help eliminate uncertainties by ensuring that all legal, ethical and
other considerations are adequately addressed [18].

2.1.4 Financial uncertainties

Moving forward, the financial factor is undoubtedly a major barrier, alongside technological
barriers, to the widespread adoption of digital twin technology in the construction sector. Developing
and deploying a digital twin can require significant financial investment and allocation of resources.
The initial investment needed can vary depending on the project's scope, complexity, and the
methods, tools, techniques, and technologies used for its development [13]. Additionally, there may
be further expenses associated with the maintenance of the digital twin over time. This includes the
continuous collection and management of data, as well as the necessary updates to the digital twin
model and any related software and hardware to ensure they remain current and operational [36].

Moreover, the potential uncertainty surrounding the return on investment (ROI) for digital twin
technology can pose a challenge to its widespread adoption. The advantages of digital twin can also
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differ based on the particular project or application, making it difficult to generalize the return on
investment across various contexts especially for smaller enterprises or those operating with
constrained resources [52, 2]. Consequently, over time, there will be a lack of momentum for
technological progress in the construction sector.

2.1.5 Novelty of technology

Given the novelty of the concept, there remains a dearth of comprehensive understanding and
definitive evidence regarding the potential benefits that digital twin technology can offer to
individuals, businesses, or industries [25]. Additionally, limited knowledge and experience in both
technical and practical aspects also impede the advancement of digital twin adoption. Furthermore,
it is worth noting that case studies showcasing successful practices in the implementation of digital
twin technology in construction projects or providing accurate cost estimates for such
implementations are limited [59]. It is worth mentioning that these technologies are still in the early
stages of development, which could potentially hinder the progress of the digital twin adoption.
Efforts should be made to enhance the effectiveness of digital twin technology by improving the
necessary infrastructure, including data storage and sensors.

2.1.6 Diversity in source system and interoperability issue

Furthermore, collecting data with multiple devices in diverse formats can cause fragmentation
and heterogeneity of information, making it difficult to ensure interoperability. For instance, data
that needs to be assimilated across multiple source systems within the digital twin can prove
challenging since such data comes in different formats, protocols and platforms. As a result, the
aggregation and synchronisation of data can become increasingly complex. Additionally, to the
incorporation with new systems like BIM and other applications may present difficulties due to
compatibility issues [15]. This, in turn, may result in the creation data silos, limiting digital twins on
broader project management and making the implementation of digital twin technology more
difficult [49].

2.2 Drivers of Digital Twin Adoption in Construction Industry
2.2.1 Principle-based drivers

The primary driver behind the adoption of digital twin technology in the construction industry is
the necessity to visualise project data in real-time. This capability allows for better decision-making
and improved project management. Multiple studies have emphasised the significance of this aspect
as a cause of the technological barriers encountered by the construction sector in embracing new
technology [29, 42, 48]. However, even though technologies such as BIM are already available, they
are characterised by their reliance on static data, which limits access to real-time data is limited. By
utilising real-time data visualization, digital twin technology can provide a range of possible data-
driven inputs for decision-making related to energy distribution and other demands, forecasting
potential savings, and identifying opportunities for reducing building emissions, as noted by
Agostinelli et al., [3].

Toillustrate, advances in the creation of |oT devices, sensors, and artificial intelligence algorithms
have simplified the collection and streaming of real-time data to a digital platform. This allows
stakeholders to monitor a project site’s current status, perform analyses, and engage in a feedback
loop throughout the construction process [6, 48]. Additionally, hypothetical analyses with digital twin
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technology aspects draws out better risk and decision-making through an analysis powered by
unexpected situations, system reactions, and subsequent innovative methods that neutralise
unforeseen negative impacts. The use of digital twin in the construction projects allows individuals
to “harmlessly” test scenarios without compromising the integrity of the actual physical asset [42].

2.2.2 Production-oriented drivers

This subsection focuses on how efficiency and cost-effectiveness in construction processes can
improve with the digital application of this technology. Previous research has indicated that water
utility replicas can also reduce energy bills by up to 30% and lower carbon emissions as well.
Additionally, they can increase productivity and reduce maintenance costs [35]. The synchronisation
and integration of physical and virtual assets through digital twin technology create a collaborative
environment for stakeholders to provide feedback and promote innovative solutions through high
levels of communication among team members [48]. It was also a suggested solution by Liu et al.,
[31] in discussion handling safety concerns during lifting fabricated buildings. It allows users to
visualise dynamic information interactively and easily connect virtual and real worlds during the
hoisting process. This indicates that building practices and safety management could be improved
through the use of digital twins [31].

2.2.3 Operational performance drivers

Next, a link is established between the construction project and its users, which improves
operational performance and is considered one of the most important factors in digital twin
adoption. By using digital twin technology, different environmental factors can be tracked, including
relative humidity, lux and decibel levels, and both room and outdoor temperatures inside buildings
[41]. This contributes to creating a better the environment. For example, Lin and Cheung [65]
conducted a study that employed digital twin as an advanced monitoring and control system for an
underground parking garage environment. The study demonstrated that a digital twin is an effective
and efficient way to manage and monitor environmental parameters.

Digital twin can also greatly help in tracking and managing different parts their lifecycle. This is
particularly beneficial in complex projects involving numerous materials, equipment and people.
Consequently, the digital twin has emerged as the primary tool for real-time tracking by integrating
various data sources. This integration facilitates the identification and monitoring of different
elements [6]. Furthermore, digital twins help people involved in the building make predictions,
visualise potential scenarios, and plan effectively by combining algorithms with data from various
stakeholders and sources. Any faulty system can be found ahead of time thanks to smart data
analysis, thereby facilitating preventative maintenance and enhancing the project's operational
efficiency [48].

2.2.4 Preservation-driven factors

This aspect focuses on the importance of preserving construction assets for long-term
sustainability. Heritage buildings play a vital role in the construction industry, significantly
contributing to the development of sustainable communities [41]. Compared to new constructions,
heritage buildings bring about superior environmental and economic advantages by being
repurposed. Additionally, they add unique charm to urban areas, thereby enhancing the overall
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revitalisation of buildings. It is worth noting that the adoption of digital twin technology has the
potential to safeguard the cultural importance of heritage assets by facilitating their reuse.

Research by Goger et al., [19] has also shown that digital twins serve as rewarding tools for the
government to preserve and conserve existing building. The data collected provides a more
comprehensive view of the actual requirements needed for renovation and conservation projects
related to specific buildings. Moreover, the use of digital twin technology is expected to create an
accurate and up-to-date project data in a digitised format. This enables the stakeholders to validate
their efforts, make better decisions, and build robust project databases that are precise. These
databases, as discussed by Ammar et al.,, [6] provide valuable insights for decision-making on
sustainability of buildings. These further highlights how digital twins are particularly relevant and
helpful in ensuring whether these buildings endure over time or not. The drivers for Digital Twin
adoption in the Malaysian construction industry, as discussed above, have been categorised into four
groups, as shown in Figure 2.

OPERATIONAL PERFORMANCE PRODUCTION-ORIENTED DRIVERS
DRIVERS
« Enhanced environmental monitoring * Optimise construction process
« Improve energy management « Effective stakeholder collaboration
« Continuous monitoring of assets « Safety management
« Advanced predictive maintenance « Cost efficiency
« Better project’s operation efficiency. « Improved product quality
PRINCIPLE-BASED DRIVERS PRESERVATION-DRIVEN FACTORS
« Real-time data visualisation, monitoring, analysis, and * Conserve heritage assets
feedback ¢ Proactive and accurate status information
« Enhanced decision-making o Preserve and maintain cultural heritage
« Improved design information delivery « Improved building retrofit
« Reduce overall design process ¢ Improved rencovation works
« Sustainability in project design

Fig. 2. Towards digital twin adoption in Malaysian construction industry
2.3 Research Gap & Positioning This Study

The rising issues in the Malaysian construction sector, such as low productivity, project delays,
and minimal contributions to GDP, have resulted from a lack of interest in innovation and technology.
Although several initiatives have been made to mandate the construction industry to digitalise, this
development has been significantly slower compared to leading nations [39, 30]. Moreover, studies
on digital twin technology in the construction sector of developing nations, including Malaysia, are
practically non-existent. Previous investigations have indicated a substantial research gap in this field.
There has been insufficient research and development on this subject, specifically regarding the
application of Industry 4.0 by Ammar et al., [6] and Madubuike et al., [32]. Despite its significance in
sectors such as manufacturing, the use of digital twins in the construction industry remains
unexplored.

A major barrier is the limited technological infrastructure. Developing nations frequently lack the
essential digital infrastructure required to facilitate the integration of advanced technologies such as
digital twins. These limitations encompass inadequate internet access, insufficient capacity for data
storage and processing, and a deficiency in integrated digital systems throughout the entire
construction process [9]. Furthermore, there exists a significant skills gap. Construction personnel in
Malaysia often lack the necessary skills and competence to proficiently employ digital twin
technologies. This lack of necessary skills is exacerbated by the general scarcity of specialised training
programmes and educational resources that focus on developing construction technologies [56].
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Limited financial resources also have a substantial impact on impeding the implementation of
digital twin technologies. The significant upfront costs linked to the adoption of digital twins, such as
acquiring software, setting up hardware, and maintaining it over time, can be a barrier for numerous
construction companies in developing nations. These companies often operate with little financial
resources and may prioritise immediate operational requirements over long-term technology
investments [62].

Despite these barriers, the advantages of digital twin technology in the construction industry are
significant. An example of the utilising digital twin technology to enhance project monitoring and
management is the Pan Borneo Highway project in Malaysia. This application has resulted in
increased efficiency and minimised project delays [28]. Nevertheless, the broader use of this
technology is hindered by a lack of clarity and understanding of its principles among industry
professionals.

This study aims to fill these knowledge gaps by conducting a comprehensive analysis of the
barriers and drivers that influence the use of digital twin technology in the construction sector of
Malaysia. This research seeks to clarify the particular barriers and benefits related to the application
of digital twin technology by gathering perspectives from construction professionals. Additionally,
the results of the study will enhance the National Construction 4.0 Strategic Plan (2021-2025) by
providing real information and practical recommendations to facilitate the digitalisation of Malaysia's
construction industry. The insights gathered will assist policymakers, industry stakeholders, and
practitioners in formulating targeted strategies to overcome existing barriers and harness digital twin
technology for improved productivity, sustainability and innovation. This research fills a significant
knowledge gap and offers a roadmap for successfully integrating digital twin technology into the
construction industries of developing nations, promoting their growth and advancement.

3. Methodology
3.1 Survey Development

A questionnaire survey is a method systematically of gathering random data. It has frequently
been utilised to acquire expert opinions in the field of construction management. Thus, a
guestionnaire survey was developed and used in this study to collect data.

To begin with, this study employs a systematic literature review (SLR) approach to conduct a
thorough review of the existing literature, generating a list of potential strategies and capability
factors. The first step of the SLR was to conduct a comprehensive search on existing Digital Twin in
construction publications using the 'title/abstract/keyword' feature in the Scopus, Web of Science
and Science Direct database. The search terms used were (digital twin" OR "digital replica" OR "digital
counterpart" OR "virtual replica" OR "virtual twin") AND ("adopt*" OR "accept*" OR "implement*"
OR "application" OR "usage") AND ("construction” OR "built environment" OR "construction
industry" OR "building industry" OR "building sector"). The literature searches specifically include
publications from the years 2013 to 2023 to exclude any outdated material. The selection criteria for
literature search, including publication year, literature categories, and language, were meticulously
evaluated to acquire dependable data and ensure the quality of the study.

The search with the specific keywords in databases returned a total of 1,362 articles, of which
189 were duplicates that needed to be removed, leaving 1,173 articles. The next step involved
screening the articles according to the selection criteria stated below, resulting in only 331 articles
remaining. Lastly, the remaining papers were screened, and 308 papers were excluded due to
irrelevance to the research question or inaccessibility to full text articles. Ultimately, 23 papers were
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determined to be valid for further analysis. Figure 3 below illustrates the articles selected for the SLR

through the PRISMA method.

Identification

[

Screening

Eligibility

Records identified
through Web of
Science searching
(n=182)

Records identified
through Scopus
searching

(n=2896)

Records 1dentified
through Science
Direct searching

(n=284)

Y

(n=189)

Records of duplicates to be removed

A

Records screened
n=1173)

Records excluded
(n = 842) (excluded
due to chapter in

Full-text articles
assessed for
eligibility
(n=331)

book, non-English,
published in < 2013

Full-text articles
excluded. with
reasons

Studies included in
quantitative
synthesis

A 4

(n =308) (excluded
due to did not based
on empirical data,
did not focus on
fishermen
adaptation,
irrelevant articles)

Included

n=23)

Fig. 3. The systematic literature review procedure (PRISMA framework) [44]

The study objectives and contact information were shown on the survey's front page, which was
divided into four sections. To evaluate the reliability of the respondents' answers, the first section
included questions about the respondents' organisations and their backgrounds. To ensure the
credibility of the findings, the first section consisted of questions regarding the respondent’s
organizations and their experience. The second section focused on questions related to the
implementation of digital twin technology in local constructions, ensuring the reliability of the
respondent’s responses. In the third section, respondents were asked about the frequency of barriers
necessary for applying digital twin technology in the construction industry, followed by the question:
‘How critical are the identified barriers? This was measured using a five-point Likert scale ranging
from 1, ‘not critical,” 2, ‘less critical,” 3, ‘neutral,’ 4, ‘critical,’ to 5, ‘extremely crucial’. As mentioned
earlier, in the fourth section, the drivers identified through the literature review were numbered and
rated using a five-point Likert scale based on how critical the drivers were in determining the
adoption of digital twin technology in the Malaysian construction industry [27].

3.2 Data Collection
The target population includes all construction professionals employed by Malaysian

construction companies that have obtained CIDB Grade 7 certification. The research will utilise
purposive sampling to examine Malaysian construction companies that are registered with the
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Construction Industry Development Board (CIDB). To gather valuable insights and achieve high-
quality results, the survey will focus on construction professionals employed in Grade 7 firms.
Additionally, the study will centre on Kuala Lumpur, the capital city of Malaysia, renowned for its
extensive construction development. According to Showkat et al., [57], this particular sampling
method has proven to be highly effective and accurate. It carefully selects respondents from a group
of experts in construction practices, ensuring the relevance of the data collected.

Realising that it would be quite tasking to administer the survey to the entire population of
contractors in Grade 7, this research will need to make some adjustments to pull a sample size. A
search was conducted on May 27, 2023, in CIMS, identifying these construction companies in Kuala
Lumpur that fall under the G7 category, totalling 1,753. The respondents were identified in each of
the firms involved; these individuals were professionals with prior knowledge of the application of
digital twin technology. These initial respondents were later asked to propose other individuals with
industrial or academic experience in the field. To improve the chances of completing the survey,
follow-up messages were sent out a week later targeting those who did not respond to the first
attempt. As a result, 97 valid responses were obtained for the current study.

Tables 1 and 2 below present the respondent profile of these 97 practitioners, with a specific
focus on their industry experience and familiarity with digital twin technology. The survey
participants have varying levels of experience in the AEC industry. The majority, 77%, have 0-5 years
of experience, while a smaller percentage, 14.8%, have 6-10 years of experience. Only 5.7% have 11-
15 years of experience, and a mere 0.9% have more than 15 years of experience. These findings
demonstrate a decent level of knowledge and experience in the construction industry.

Table 1
Respondent Profile
Variables Categories Frequencies Percentage (%)
Gender Male 41 343
Female 56 65.7
Profession Architect 38 3.9
Engineer 30 335
Quantity Surveyor 14 44.3
Contractor 9 5.7
Others 6 12.6
Years of Experience 0~ 5years 51 77.0
6 ~ 10 years 15 14.8
11 ~ 15 years 13 5.7
16 ~ 20 years 12 0.9
20 years and above 6 1.7
Table 2

Knowledge of Digital Twin
Do you know about Digital Twin?

Frequency Percent Cumulative Percent

Valid Yes 54 55.7 55.7
No 43 44.3 100.0
Total 97 100.0

4. Result

The exploratory factor analysis was carried out using the Statistic Package for the Social Sciences
(SPSS) version 23.0 (Armonk, NY: IBM) for analysis process for this study.
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4.1 Measurement Model Evaluation
4.1.1 Convergent validity

Establishing good measurement models is a prerequisite for testing the structural model.
Therefore, the reliability and validity of the measurement models should be assessed. In term of
reliability testing, the results in Table 3 show that the Cronbach’s a coefficient exceeds the threshold
of 0.7, indicating all variables have excellent internal consistency with a coherent relationship among
54 responses to the questions. Thus, the questionnaire is considered highly acceptable and reliable.

Table 3

Reliability statistics
Reliability Statistics
Cronbach's Alpha N of Iltems
0.896 26

With regard to the validity test, the Composite Reliability (CR) values range from 0.791 to 0.913,
indicating that these values of CR are at acceptable levels. On the other hand, the values of Average
Variance Extracted (AVE) range from 0.436 to 0.679, also falling within the acceptable range.
Additionally, the values of factor loadings from the findings are above the threshold of 0.6. In
summary, all constructs are acceptable, denoting the convergent validity of the factors measured, as
shown in Table 4.

Table 4
Convergent Validity of the Variable
Variables ltem  Factor Loadings p Cronbach’s Composite Average Variance Extracted
a Reliability (CR)  (AVE)
Barriers B1 0.512 *E
[B] B2 0.879 *ox
B3 0.780 *k 0.707 0.872 0.538
B4 0.804 *k
B5 0.738 *k
B6 0.629 *k
Principle- PB1 0.856 *k
Based Drivers ~ PB2 0.713 *E
[PB] PB3 0.719 *k 0.708 0.892 0.626
PB4 0.768 *k
PB5 0.884 *k
Production- PO1 0.788 *E
Oriented PO2 0.744 *E
Drivers [PO] PO3 0.545 *k 0.664 0.791 0.436
PO4 0.573 *k
PO5 0.615 *k
Operational OP1 0.721 *k
Performance 0oP2 0.715 *E
Drivers [OP] OP3 0.732 *k 0.797 0.863 0.558
OP4 0.785 *k
OP5 0.778 *k
Preservation- PD1 0.802 *E
Driven PD2 0.788 *E
Factors [PD] PD3  0.746 ** 0,761 0.913 0.679
PD4 0.847 *k
PD5 0.926 *k
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According to the findings in Table 4, the loadings of all variables and AVE values surpassed the
suggested thresholds of 0.4 and 0.5, respectively, except for Production Oriented Drivers, which had
a loading of approximately 0.436. The indicators and constructs demonstrate a satisfactory level of
convergent validity, as noted by Hair et al., [20]. Furthermore, the estimated composite reliability
values and Cronbach's alpha values for all constructs exceeded the necessary threshold of 0.7,
suggesting satisfactory internal consistency and reliability. However, the Production Oriented Drivers
construct had a Cronbach's alpha value of 0.664, falling slightly below the desired level [20].

4.1.2 Discriminant validity

Furthermore, this study examined discriminant validity. The findings, which consist of the
correlation matrix and the square roots of the Average Variance Extracted (AVE), can be found in
Table 5. The outcomes in Table 5 show that the square roots of the AVE values are higher than the
correlation coefficients in their particular columns. These findings show solid discriminant validity for
the variables in this study.

Table 5
Discriminant validity of the variable
PB PO OP PD B
PB 0.791
PO 0.673 0.660
oP 0.631 0.591 0.747
PD 0.638 0.483 0.555 0.824
B 0.566 0.383 0.258 0.191 0.734

Notes: The underlined numbers represent the square roots of average variance extracted; The other numbers
denote the correlation coefficient of the factors

5. Discussions
5.1 Barriers that Impede Malaysian Construction Professionals from Adopting Digital Twin
Technology

The study reveals that financial concerns are the most significant barrier, compared to other
technological barriers, for construction professionals in using digital twins, as illustrated in Table 6
below. This is mainly because digital twin technology is a new concept in the construction industry.
Implementing digital twins necessitates a substantial initial investment in technology, software,
hardware, and skilled personnel [61]. In addition, there are ongoing expenses related to data storage,
software updates, and maintenance. The full potential of implementing this technology in terms of
financial viability is still to be fully understood.

Being a relatively new concept in the built environment, the intricacy of digital twin technology
poses challenges to its widespread adoption [58]. The complexity of this situation presents difficulties
for individuals and companies, making it the next highly ranked barrier. In this context, the
government needs to provide training programmers and educational resources to construction
professionals to help them expand their knowledge and improve their skills. Furthermore, the
absence of standardised data formats and protocols can lead to unnecessary conflicts and restrict
the potential advantages of digital twin technology. Thus, industry stakeholders and technology
providers must work together to establish industry-wide standards [9].

Additionally, the findings suggest that barriers such as cybersecurity and intellectual property
rights, as well as challenges related to diversity in source systems and interoperability, pose further
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barriers to widespread adoption [24]. Given that construction projects involve multiple stakeholders,
some companies or individuals may be slow to embrace digital twin technology because of security
concerns and protection of ownership rights.

Therefore, it is clear that the use of digital twin technology, which is still relatively new and has
only recently been adopted in the construction industry has certain disadvantages and risks that can
negatively affect its development. Adopting new technology presents significant challenges due to
various factors, notably the risks which accompany adaptation, unpredictability, questions regarding
the efficiency, reliability and viability of the technology in the future. However, there is a general
agreement that with advancement in digital twin technology over the coming years, it will mature
into a more established and reliable solution [37]. For this reason, the impediments to
implementation are expected to reduce, allowing the technology to reach its full potential and induce
positive changes in the construction industry. Hence, the study summarizes through Table 6 on the
ranking for barriers towards digital twin adoption.

Table 6
Ranking for barriers towards digital twin adoption
Iltem Factors Mean Rank
B4 Financial Uncertainties 4.70 1
B1 Complexity of Digital Twin Technology 4.56 2
B2 Lack of Standardization 4.48 3
B3 Cyber Security and Intellectual Property Right 4.35 4
B6 Diversity in Source System and Interoperability Issue 4.35 4
B5 Novelty of Technology 4.26 5

5.2 Major Drivers of Digital Twin Adoption in Malaysian Construction Practice

The literature analysis has identified 20 factors that foster the use of digital twin technology in
the construction industry. This paper aims to enhance understanding of the factors affecting the
implementation of digital twin technology (Table 1). Four main themes of drivers were identified,
corresponding to the building life cycle phases described in section 2. 2. Some of these themes were
principle-based drivers that were emphasised during the actualisation phase while others were
construction-based drivers propelled during the construction phase, operational performance drivers
during the operating phase and preservation-driven factors during the maintenance phase.

The operational performance driver got the highest mean score, implying that it has the most
significant impact on utilising the digital twin approach during the operational phase of the building
life cycle. This finding supports the assertion made by Delgado et al., [14] states that the overarching
goal of digital twin technology is to increase the productivity and functionality of ‘buildings’.
Construction professionals recognise that digital twin technology is significant for improving building
performance, energy efficiency, continuous monitoring and optimisation, and occupant satisfaction
during the building’s use phase. This emphasises the relevance of digital twins as an efficient
approach to modern construction, focusing on sustainability in the context of making a contribution
toward finding the ways to create a more sustainable world. Table 7 below shows the ranking and
mean scores of the above mentioned drivers.
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Table 7

Ranking for main drivers towards digital twin adoption

Item Factors Mean Rank
oP Operational Performance Drivers 4.38 1

PO Production-Oriented Drivers 4.33 2

PB Principle-Based Drivers 4.29 3

PD Preservation-Driven Factors 4.13 4

The second group comprises production-oriented drivers, with principle-based drivers following
closely behind. The following drivers are more associated with the design and construction phases.
Since the results discussed above show positive effects from introducing a digital twin early in a
project, it is possible to conclude that digital twin serves as a foundation for a better built
environment. This is not bad because, at this stage, digital twins enable key players to enhance
construction activities, improve engagement, and reduce the likelihood of costly errors [11]. Thus,
the outcomes of this approach outweigh the initial costs.

They received the lowest mean scores as they are the factors that relate to the conservation and
maintenance of building condition. Respondents do not think that this aspect significant in their
decision-making regarding the use of digital twins for constructing buildings and other structures.
However, literature analysis implies that some of the applications of digital twins (DT) in the
manufacturing industry include real-time monitoring, production control, production planning,
predictive maintenance, defect detection, and monitoring the status of different systems [43, 49].

Therefore, this perception may depend on respondents’ geographical sampling and the research
experience of the participants. Given that the uptake of DT among developing nations is low, this
driver of preservation is underutilised. Overall, the scores for all four drivers are slightly above 4,
which is the passing grade in most courses. It was on a five-point Likert scale, with a score of 0 given
for “strongly disagree” while 5 was given to “strongly agree”. This implies that the participants regard
these drivers as very crucial in applying digital twin technology in construction projects. Through the
survey, the authors present the ratings of perceived drivers, which can significantly aid in setting
priorities and developing corresponding strategies for applying digital twins in construction.

5.3 Theoretical Contribution

This paper investigates the theoretical contributions of examining the extent of digital twin
applications within several construction processes. Based on this, the literature review sheds light on
new perspectives, thereby extending the understanding of the field, regarding the concept of digital
twin technology and discussing opportunities for innovation in the context of the construction
industry. This study classifies various Digital Twin adoption in Malaysian construction practices
drivers into four main themes: principle-based drivers, production drivers, operational performance,
and preservation factors. These categories illustrate the principles that govern activity at all phases
of the building life cycle, namely conception, construction, utilisation and rejuvenation. Therefore,
the study enhances our understanding of the aspects that lead to the acceptance of the DT
technology. This comprehensive list of determinants reveals the critical drivers for integrating digital
twins into the construction industry.

5.4 Practical Contribution

This study provides the information about current state and recent advancements associated
with digital twin applications in the Malaysian construction industry. This valuable information helps
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organisations understand the drivers of digital twin implementation at different phase of the
construction life cycle. If these factors are well understood and given due importance by those within
the construction industry, digital twin technology can offer several advantages at various stages of a
construction project, including design, build, management and maintenance. Such integrations can
lead to optimised building performance, reduced costs (as radical novelties may not always add
value), increased sustainability, and an enriched experience for users of the built environment.

The principal factors identified that enhance the efficiency and effectiveness of the construction
practices in Malaysia are operational performance drivers. These drivers imply that companies
should abandon traditional methods and incorporate digital twin technology. Such a shift is likely to
bring about necessary positive changes in pursuit of sustainable development within the construction
industry. Before elaborating on the lessons drawn from this study, it is crucial to identify the barriers
that must be overcome by governments and construction companies in order to successfully
implement new technologies, particularly those related to financial sphere. Additionally, this
research can contribute to the government underscoring the importance of adopting digital twin to
transform construction companies’ operations and achieve sustainable growth. The
recommendations provided herein can serve as a stable foundation for knowledge creation and
guidance in line with the goals set out in the National Construction Policy 2030 (NCP 2030) to
transition the construction industry under the digitisation era. Based on the findings of this research,
the following suggestions are made to the stakeholders in order to promote the use of digital twin
technology and enhance the development of a digitally driven construction industry in the country.

5.5 Limitations and Future Work

Some challenges encountered during this research stemmed from the limited information
available on the implementation of digital twin technology, especially in the setting of Malaysia. Due
to this limitation, the research had to focus on international literature relating to the application of
DT in similar construction contexts. While these sources provided some useful knowledge and
elasticity regarding the framework they presented, they do not encompass all the unique
characteristics of the Malaysian construction industry.

Additionally, the study’s conclusion are based on perspectives from employees working in Grade
7 construction companies in Kuala Lumpur. For this reason, companies of different size or those
located in other states may have diverse opinions and face different limitations regarding the
implementation of digital twin concept. Future studies should aim to include a broader selection of
companies from various states to gain a more comprehensive understanding of the adoption of
digital twin technology in Malaysia.

It is therefore the recommended that future studies prioritise several important areas. Firstly,
there is an urgent need to conduct detailed case studies and interviews with the organisations that
have successfully implemented digital twins. Such studies will provide tangible and more realistic
cooperation views that are not restricted to just theoretical debates. As shown in case studies, the
tangible effectiveness and challenges faced during the application and implementation of digital twin
innovations ensure a credible proposition of their actuality, possibility, and transmutation of digital
twins in our world.

6. Conclusions

The study's conclusions show that the factors driving and hindering the adoption of digital twin
technology have been thoroughly tested and corroborated by other studies. The findings suggest that
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operational performance is the main factor influencing the adoption of digital twin technology. By
utilising information relayed in real time and displayed graphically, this technology can enhance the
building operation phase and added value in terms of operation and efficiency.

However, the most prominent challenge related to the implementation of technology is financial
uncertainty. As far as the priorities are concerned, financial issues are always a concern due to capital-
intensive investments that can be quite expensive, volatile ROI, and overall budget constraints. It was
also observed that implementing new technology often requires collaboration among communities,
government bodies and relevant authorities. Since the utilisation of digital twin solutions in the
construction industry depends on each participant’s actions, all stakeholders are vital.

The application of digital twin technology is already recognised in the construction sector as an
enabler of its digitalisation. Given that the sector still remains in early stages of its approach to digital
twins, there is potential to enhance its previously poor history in digitalisation. Both the industrial
and aerospace industries have previously utilised digital twin technology, and the construction
industry can therefore benefit from a wealth of past practices and initiatives [8]. This paper reveals
the potential for the industry to improve project outcomes based on the adaptability of digital twin
concepts to the specific requirements and characteristics of the construction sector.

Therefore, according to the conclusions of the study, it is essential to address the financial risks
and enhance stakeholder collaboration to harness the best outcomes from applying the concept of
digital twins in the construction domain. This strategy will enhance the overall effectiveness and
adaptability of the sector while advancing its digitalisation process.
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