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The adoption of disruptive technologies is increasingly recognized as
essential to transforming the construction economy. However, the
adoption in Malaysia remains limited compared to other sectors despite
government initiatives such as the Construction 4.0 Strategic Plan. This
study aims to examine the levels of awareness, understanding, and usage
of disruptive technology among construction players in Sarawak. A
quantitative research design is used. The data were collected from 132
respondents across 91 companies, representing a diverse group of mid-
career professionals, mostly employed in specialized trades and higher-
grade firms. The findings indicate that respondents are more aware of
technologies such as cloud computing, real-time collaboration, and
artificial intelligence (AI). However, awareness of blockchain and
autonomous construction remains relatively low. Although usage
remains relatively low, the adoption is increasing, with 35.6% of
respondents using technology compared to 10% in earlier studies. These
results highlight a gap between awareness and actual adoption,
suggesting the need for targeted training and awareness programs to
align with the industry practices with the Construction 4.0 Strategic Plan
goals.

1. Introduction

The construction industry is a key driver of Malaysia’s economic development, contributing
significantly to the gross domestic product, increasing employment opportunities, and enhancing the overall
social well-being of the population (Masyhur et al., 2024). In 2024, the gross domestic product (GDP) from
construction in Malaysia totaled RM 66.58 billion, representing an increase from RM 56.66 billion in the
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previous year (Department of Statistics Malaysia, 2025). The increase is largely due to stronger domestic
demand, improved manufacturing activities, and a recovery in external trade (CIDB Malaysia, 2024). The
MIDF Research predicts that the Malaysian construction industry will increase by 12% in 2025 compared
to 2024, supported by large government projects and the property sector getting stronger again (CIDB
Malaysia, 2025). One of the major government projects is the Pan Borneo Highway, as the project serves
as a foundation for social development and is very important for Malaysia’s economy, progress, and future
(CIDB Malaysia, 2023).

Despite its significant contribution to the Malaysian economy, the construction industry continues to
face persistent challenges such as cost overruns, delays in projects (Ramly et al., 2023), low productivity
rate (dropped 15.6% in 2022) (Department of Statistics Malaysia, 2022), and labour and equipment
deficiencies (Mohsen et al., 2021). These ongoing issues reveal structural inefficiencies in construction
processes and highlight the need for technological innovation and operational transformation in this sector.
In response to these challenges, the Fourth Industrial Revolution (IR4.0) was introduced to transform all
traditional processes into modern technology (Na et al., 2022). The Fourth Industrial Revolution
emphasizes reshaping the digitalization of the business’s procedures and activities, where the existing
system is replaced with an advanced one. In other words, the implementation of the Fourth Industrial
Revolution is known as disrupting existing systems with high technologies (Shahzad et al., 2023).

In line with this IR4.0, the Malaysian government, in collaboration with the Ministry of Works and the
Construction Industry Development Board (CIDB), launched the Construction Strategy Plan 4.0
(Construction 4.0), a five-year short-term plan (2021-2025) designed to empower smart construction for
future societies by enhancing the industry’s (CIDB Malaysia, 2021). The Construction 4.0 plan identifies
12 disruptive technologies that will change the game in the construction industry (CIDB Malaysia, 2022).
Disruptive technology in the construction industry refers to the new technology that changes the current
system to improve it, in parallel with the construction industry’s needs (Qiu et al., 2023). The 12 disruptive
technologies include Building Information Modelling (BIM), pre-fabrication and modular construction,
autonomous construction, augmented reality and virtual reality, cloud and real-time collaboration, 3D
scanning and photogrammetry, big data, predictive analysis, internet of things, 3D printing and additive
manufacturing, advanced building materials, blockchain, and artificial intelligence (CIDB Malaysia, 2022).

Undeniably, the adoption of technologies offers many opportunities for the digitization of the
construction industry throughout the entire construction process, from start to finish, and increases the
quality of the construction industry (Setaki & van Timmeren, 2022). By disrupting technologies, it can
enhance efficiency, effectiveness, and productivity in the construction industry while reducing costs and
promoting sustainability when it is fully utilized (Musarat et al., 2023). However, the adoption of disruptive
technologies in the construction industry remains limited and faces numerous challenges, despite these
potential benefits. Existing studies consistently report a low level of awareness, knowledge, and skills
among the stakeholders to implement and manage new technology (Al-Raqeb et al., 2024); Al-Ashmori et
al., 2020). For example, studies by Ashraf et al. (2021) and Othman et al. (2021) found that only 10-13%
of construction companies have implemented Building Information Modelling (BIM) due to high
implementation costs, slow technological adaptation, and continued reliance on traditional construction
methods.

Although there is growing interest in BIM and other technologies, recent studies indicate that digital
transformation in Malaysia’s construction industry remains relatively slow compared to neighboring
countries such as Singapore (Jaafar et al., 2024; Kong & Jie, 2024). A study by Kong and Jie (2024) further
reported that industry practitioners expressed negative perceptions of Malaysia’s digital transformation
progress, noting that the technology adoption reached only 49% in 2019, whereas Singapore had already
achieved a 71% adoption rate by 2015. In addition, a lack of policies to guide the implementation
(Musharavati, 2023; Jalil et al., 2025) also leads to the slow adoption of technology. Moreover, the abilities
of these 12 disruptive technologies have not been fully utilized due to the low adoption rate and a lack of
awareness and knowledge among the stakeholders, due to the technologies being introduced separately
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without proper integration (Jiancheng et al., 2023). As a result, many construction companies are unable to
fully leverage disruptive technologies, leading to missed opportunities for efficiency improvements,
productivity gains, and enhanced industry competitiveness.

Furthermore, empirical research on disruptive technology adoption in Malaysia has predominantly
focused on BIM, with limited attention given to other disruptive technologies identified under Construction
4.0. For instance, Jaafar et al. (2024) assessed the awareness and adoption of disruptive technologies across
Malaysia using random sampling, providing a useful baseline for understanding current trends. Moreover,
research on disruptive technologies is even more limited in Sarawak, with only two studies, Lee et al. (2022)
and Tamjehi et al. (2020), specifically addressing BIM awareness, without extending to other technologies.
This lack of comprehensive evidence on awareness, understanding, and usage of a broader range of
disruptive technologies constrains the decision-making informer and effective policy implementation.

Therefore, this paper aims to analyze the awareness, understanding, and usage of disruptive technologies
in the construction industry, with a particular focus on Sarawak. The study aims to assess the current level
of adoption beyond BIM and provide updated insights to support the Construction 4.0 Strategy Plan agenda.
This paper is organized into four sections. Section 2 describes the literature review, Section 3 describes the
research methodology, Section 4 describes the results and discussions of the data, and Section 5 concludes
this paper.

2. Literature review
2.1 Disruptive technology in the construction industry

The construction industry is currently undergoing a significant transformation with the adoption of
disruptive technologies to enhance productivity and efficiency (Noor et al., 2022). In Malaysia, the adoption
has already began in 2017, particularly through initiatives such as CIDB’s myBIM Centre, which provides
training and resources to industry players (Jaafar, 2017). These early initiatives reflect Malaysia’s
alignment with the Fourth Industrial Revolution (4IR), which serves as the foundation for advancing
disruptive technologies in the construction industry. In the context of the Fourth Industrial Revolution
(4IR), the construction industry emphasizes five key disruptive technologies, namely Artificial Intelligence
(AD), Internet of Things (IoT), blockchain, cloud computing, and big data analytics, as they support the
deployment and optimization of other 4IR technologies (Economic Planning Unit, 2020).

While the 4IR emphasizes five core emerging technologies, this study extends the scope to twelve (12)
disruptive technologies to provide a more comprehensive and realistic assessment of disruptive
technologies adoption within the construction economy. In this study, disruptive technology is
operationally defined as the extent to which these technologies are adopted and used in the construction
industry. Adoption is measured based on respondents’ perceptions of their awareness, understanding, and
actual usage of the technologies, measured through Likert-scale survey items.

Disruptive technologies contribute to efficiency and innovation in the construction industry. Al and big
data analytics are used in forecasting project risks and planning the budget optimization. Augmented
Reality and Virtual Reality (AR and VR) function to aid the project design and offer detailed visualization
(Jaafar et al., 2024). The adoption of blockchain technology can distribute the data, as its characteristics are
decentralized, traceable, transparent, and reliable (Wang et al., 2022). The IoT can provide effective control,
better quality, and time-saving in decision-making due to the availability of real-time data analytics (Gamil
et al.,, 2020). Advanced materials and technologies provide detailed information about the project site,
which can help in the efficient alignment planning and optimized design project (Mohamad et al., 2022).

In addition, disruptive technologies in the construction industry secure long-term development,
improving efficiency, effectiveness, and productivity. Fully utilizing technology in the construction
industry can reduce costs and improve sustainability (Musarat et al., 2023). While the benefits of disruptive
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technologies are widely recognized, the successful adoption in the construction industry depends greatly
on the level of awareness among stakeholders (Halvadia et al., 2025; Hwabamungu & Shepherd, 2024).
This shows that awareness is a key factor in understanding that these technologies can be effectively
implemented, as discussed in the next section.

2.2 Awareness of disruptive technology in the construction industry

Awareness plays a crucial role in the adoption of disruptive technologies in the Malaysian construction
industry. Several studies highlight the importance of awareness and its impact on the successful
implementation of disruptive technology. For instance, the adoption of Building Information Modelling
(BIM), one of the earliest disruptive technologies promoted in this sector, has been slower compared to
developed countries. The BIM adoption rates reached 80% in the United Kingdom, 76% in Australia, and
70% in Germany, while Malaysia lagged at 55% (CIDB, 2021). Moreover, the adoption remains limited
despite a 74% awareness rate of BIM reported in the Malaysia BIM Report 2019 (Chai et al., 2025). This
slow adoption has been attributed largely to the lack of trained professionals, which reduces efficiency and
limits the effectiveness of BIM implementation in construction projects (Malaysia Productivity
Corporation, 2023).

Despite government initiatives, such as CIDB training campaigns and conferences, awareness of BIM
in Sarawak remains below satisfactory levels. The findings of Zaini et al. (2020) indicate that 75.8% of
organizations had implemented BIM for less than 5 years, while a small number (4.5%) had used it for
more than 20 years. It's emphasized that Malaysian construction players have only a basic level of
awareness of disruptive technologies, with limited knowledge and no in-depth understanding of their
implementation. This suggests that while exposure to BIM has increased, its adoption is still limited.
Another study also notes that BIM adoption in Malaysia continues to be relatively low (10% only) despite
its recognized benefits for project efficiency, collaboration, and cost management (Ashraf et al., 2021).
Othman et al. (2021) reported that only 13% of Malaysian companies actively used BIM, due to the limited
awareness, high costs, and resistance to change. Comparatively, the digital transformation of Malaysia has
also progressed more slowly than in neighboring countries. For instance, BIM adoption in Malaysia was at
49% in 2019, while Singapore had already achieved 71% in 2015 (Kong & Jie, 2024).

One of the significant barriers to adopting advanced technologies like robotics and blockchain
technology in the construction industry is the lack of awareness, as mentioned by Adegbembo et al. (2023)
and Ding et al. (2025). This lack of awareness can lead to cautious approaches and resistance to investing
in new technology due to perceived risks (Jaafar et al., 2022). Taken together, those studies show that
research on awareness has been largely focused on BIM, while awareness of the other 11 disruptive
technologies remains underexplored, particularly in the Sarawak context. While awareness highlights
whether stakeholders are familiar with disruptive technologies, it does not guarantee that they fully
understand how these technologies function or can be applied effectively. Therefore, the next section
discusses the understanding of disruptive technologies in the construction industry.

2.3 Understanding of disruptive technology in the construction industry

It is important to understand disruptive technologies as they influence the success of adoption. While
awareness exposes to the existence of technologies, understanding involves deeper knowledge about their
functions, benefits, and effective application (Buchanan & Sparagowski, 2022). The Malaysian
construction industry is currently recognizing the importance of disruptive technologies such as BIM, Al,
and additive manufacturing. However, significant challenges related to knowledge need to be addressed to
fully utilize these technologies for improving productivity and service quality (Balinado & Young, 2020).

In Malaysia, the construction players often have a limited to basic understanding of disruptive
technology. This statement is supported by studies by Al-Raqeb et al. (2024) where there is a lack of
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sufficient information among industry stakeholders to fully understand how disruptive technologies can
benefit construction projects. Moreover, study from Jaafar et al. (2022) stated that the lack of management
understanding of the rising complexity of new technologies can result in additional challenges to adoption.

Although the construction stakeholders are familiar with blockchain technology, they do not fully
understand the application and benefits of blockchain technology, especially in construction management
(Adegbembo et al., 2023). In addition, the local contractors do not understand and are not ready for the
adoption of addictive manufacturing technology in the construction industry (Ismail et al., 2020). This is
due to insufficient knowledge and technical expertise. This indicates that the understanding of disruptive
technology is uneven, depending on the type of technology.

2.4 Level of usage disruptive technology adoption in the construction industry

The level of usage of disruptive technologies in the construction industry remains low compared to other
sectors due to the limited best practices, continued reliance on low-income foreign labor, and high cost of
technology (CIDB Malaysia, 2022). This situation contributed to the low average productivity rate (dropped
15.6%) compared to other sectors; agriculture = -1.8%, mining and quarrying = -7.9%, manufacturing = -
2.6%, construction = -15.7% (Department of Statistics Malaysia, 2022). Recent studies, however, show an
improvement in progress. The State of Digital Adoption in the Construction Industry 2024 reported that
Malaysian companies now actively use an average of 6.9 technologies in their projects, which is 50% higher
than the Asia-Pacific average. This progress is driven by the increasing focus on integrating advanced
technologies into traditional construction practices (CIDB Malaysia, 2024b).

The Internet of Things (IoT), cloud computing, advanced building materials, the Industrialized Building
System (IBS), and the Building Information Modelling (BIM) technologies are mostly adopted in large
infrastructure and complex building projects; meanwhile, small projects remain limited (Jaafar et al., 2025).
Similarly, Kam et al. (2022) findings mentioned that the adoption of advanced technology, such as BIM
and drones, is growing, but there is an inconsistency in the implementation because large companies can
afford and manage them properly, while small companies are left behind due to cost and lack of skills. The
ability to adopt technology is hindered by financial instability and a lack of awareness among the Small
and Medium Enterprises (SMEs) (Mehdipoor et al., 2022). The main barriers to adopting technologies are
limited financial resources, a lack of skilled personnel, and resistance to change in the construction industry
(Abdullah et al., 2023). Therefore, greater support and initiatives are needed to ensure wider adoption across
the construction industry.

3. Research methodology

This study uses a quantitative research design, where the questionnaire is designed based on a
comprehensive review of past literature to ensure that the items are relevant to the objective of this study.
The quantitative approach is suitable for assessing the levels of awareness, understanding, and usage of
disruptive technologies among construction players, as it provides valuable insights into the current state
of technology adoption. For instance, both Adegbembo et al. (2023) and Ilesanmi et al. (2024) studies use
a quantitative approach to assess the awareness of blockchain and smart building technologies among
construction stakeholders, revealing different levels of awareness. Furthermore, the survey items are
structured according to constructs derived from the Technology Acceptance Model (TAM) and the
Technology-Organization-Environment (TOE) framework, which serve as the theoretical foundations for
assessing these dimensions.

3.1 Population

The population of this study consists of construction players in Sarawak who have been registered with
the Construction Industry Development Board (CIDB). A purposive sampling technique was applied to
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target respondents who are directly involved in the construction industry, as they are more likely to know
the necessity of disruptive technology adoption. The minimum sample size is determined using G*Power
analysis, and it is suggested that at least 85 respondents are required. Then, the questionnaires are distributed
during construction-related seminars organized by CIDB.

3.2 Data collection

The questionnaires are divided into four main sections. The first section focused on respondents’
demographic information. The second section measures the awareness of disruptive technologies, using a
five-point Likert scale ranging from “not at all aware” to “extremely aware.” The third section assesses
understanding of disruptive technologies, also using a five-point scale, ranging from “no knowledge” to
“expert”. The final section examines the level of usage, measured with another five-point scale ranging
from “not in use” to “frequently used.” These scales are chosen to assess different levels of perception and
experience among respondents.

3.3 Data analysis

The data collected are analyzed using the Statistical Package for the Social Sciences (SPSS) software.
The descriptive analysis is used to evaluate their awareness, understanding, and usage of disruptive
technologies. Descriptive analysis is a method used in statistics to provide a comprehensive understanding
of the data, as it can organize and evaluate the data in an easy-to-understand way (Nassaji, 2015). The study
uses this analysis by calculating the frequency (i.e., how often each technology is used) and percentages
(i.e., what percentage of respondents use each technology) for each disruptive technology. This analysis
can help to identify which disruptive technology is commonly used by construction companies.

4. Results

The results of the data analysis that has been carried out using SPSS are presented in this chapter. The
findings are organized into demographic information, the level of awareness of existing disruptive
technology, the level of understanding of disruptive technology, and the level of usage of disruptive
technologies. The results are presented in the form of bar charts and percentages.

4.1 Demographics respondents

This section presents the demographic profile of the respondents who participated in the survey. The
demographic respondents provide an overview of the background of construction players in Sarawak. A
total of 132 respondents from 91 construction companies answered the questionnaires for this study.

Table 1. Demographic profile of respondents

Demographic Factor Category Frequency Percent (%)
Age Range 20 to 30 37 28.0
31t040 56 422
41 to 50 34 25.8
51 and above 5 3.8
Education Level Certificate 10 7.6
Diploma 43 32.6
Bachelor’s Degree 58 43.9
Bachelor’s Master 19 144
Doctor of Philosophy 2 1.5
Company Sector Civil Engineering 31 23.5
Non-residential Building 24 18.2
Residential Building 3 2.3
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Demographic Factor Category Frequency Percent (%)
Special Trade Activities 74 56.0
Company Grade Gl 6 4.5
G2 5 3.8
G3 11 8.3
G4 2 1.5
G5 16 12.1
G6 5 3.8
G7 87 65.9

Based on the interpretation, the dataset has a relatively diverse sample, which are the respondents have
various characteristics. In terms of age, the majority were between 31 and 40 years old (42.2%), followed
by those aged 20 to 30 years (28.0%) and 41 to 50 years (25.8%), while only 3.8% were above 51 years.
For education, most respondents hold a bachelor’s degree (43.9%), followed by diploma holders (32.6%)
and master’s degree holders (14.4%), with fewer respondents having only certificates (7.6%) or PhDs
(1.5%). In terms of company sector, more than half are involved in special trade activities (56.0%), while
others work in civil engineering (23.5%) and non-residential building projects (18.2%), with very few in
residential building (2.3%). For company grade, the largest proportion of respondents came from G7
companies (65.9%), followed by G5 (12.1%) and G3 (8.3%), while only a small group was from lower-
grade firms such as G1, G2, and G4. Overall, this indicates that most respondents are mid-career
professionals with higher education, largely employed in specialized trades and higher-grade construction
firms.

4.2 The level of awareness of existing disruptive technology

100%
goo/ﬁllllllllllll

8% 195 8
70% 38.6 303 3.8 29,
& 60% 32.6
5 50%
B 40% I
30%
20%
10% .
0% -
DTI DT2 DT3 DT4 DT5 DT6 DT7 DTI0 DTI1  DTI2

Type of Disruptive Technology

ENot At All  ®Slightly Aware = Moderate Aware Aware  ® Extremely Aware

Figure 1: The Awareness Level of Existence Disruptive Technology

This section shows the descriptive analysis of the respondents’ awareness of disruptive technology in
the construction industry. Twelve (12) disruptive technologies are assessed using the indicator codes DT1
to DT12 and measured on a 5-point Likert scale (not at all, slightly aware, moderately aware, aware,
extremely aware). The descriptions of each indicator are summarized in Table 2, which provides a clear
reference for the interpretation of the results presented in the following figures.
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Table 2. Summary of disruptive technology indicators

Indicator code Type of disruptive technology
DT1 Building Information Modelling (BIM)
DT2 Pre-fabrication and Modular Construction
DT3 Autonomous Construction
DT4 Augmented Reality and Virtualization
DT5 Cloud Computing and Real-Time Collaboration
DTé6 3D Scanning and Photogrammetry
DT7 Big Data and Predictive Analytics
DT8 Internet of Things (IoT)

DT9 3D Printing and Additive Manufacturing
DT10 Advanced Building Materials

DTI11 Blockchain Technology

DT12 Artificial Intelligence (Al)

Figure 1 illustrates the awareness level of existing disruptive technologies to enhance and facilitate better
visual interpretation. Based on the findings above, the overall awareness level of disruptive technologies
among the respondents is moderate, as the mean values range from 2.98 to 3.61 (moderately aware to
aware). The highest awareness level is recorded in DTS5 (cloud and real-time collaboration) with a mean of
3.61, where 32.6% of respondents answered 'aware' and 24.2% answered 'extremely aware'. Then, followed
by DT12 (artificial intelligence) with a mean of 3.42, where 32.6% reported being ‘aware’ and 20.5%
‘extremely aware’, and DT2 (pre-fabrication and modular construction) with a mean of 3.23, supported by
38.6% of respondents selecting ‘aware’ and 10.6% selecting ‘extremely aware’.

On the other hand, DT3 (autonomous construction), with a mean of 3.21, and DT11 (blockchain
technology) recorded the lowest mean value of 2.98. In addition, DT11 (blockchain technology) had the
highest percentage of respondents selecting ‘not aware at all’ (9.8%) and ‘slightly aware’ (26.5%), and with
only 9.1% indicating ‘extremely aware’. Similarly, DT3 (autonomous construction) also showed a
relatively high proportion of ‘not aware at all’ responses with 6.8%. These findings show that the
construction players are increasingly aware of technologies like real-time collaboration and artificial
intelligence, while technologies such as blockchain and autonomous construction are still lacking
awareness. This highlights the need for greater exposure and targeted awareness programs to encourage
broader adoption of disruptive technologies within the construction industry.

There is a small percentage in the ‘extremely aware’ category, ranging between 9% and 20%. This result
indicates that awareness remains low, which is consistent with the findings from previous studies (Othman
et al., 2021) and (Musharavati, 2023). This suggests that while the existence of disruptive technologies is
generally recognized, an in-depth understanding remains limited, reflecting a low level of industry
readiness for advanced digital transformation. Moreover, the Malaysia Productivity Corporation (2023)
reported limited awareness of disruptive technologies in the construction industry, even after multiple
government-led initiatives. Notably, the persistence of low awareness levels from 2021 to 2023, and
continuing into 2025, suggests that existing awareness programs may not be sufficiently effective or
industry-wide. In addition, this situation is not only within the Malaysian Construction Industry, but also
in other countries such as Kuwait, where the finding of the study shows a low level of awareness in the
adoption of disruptive technology (Al-Roumi & Al-Sabah, 2024). The consistency of these findings across
different national contexts indicates a broader industry challenge, where construction practitioners may be
aware of emerging technologies in general terms but lack the practical knowledge required for meaningful
adoption.

4.3 The level of understanding disruptive technology

This section presents an analysis of respondents’ understanding of disruptive technology, based on 12
specific disruptive technologies. The understanding levels are categorized into five levels: Not Understand,
Limited, Basic, Proficient, and Expert. Based on the findings in Figure 2, the overall understanding level
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of disruptive technologies among the respondents is moderate to low, as the mean values range from 2.63
to 3.14 (limited to basic understanding). The highest understanding was recorded in DTS5 (cloud and real-
time collaboration) (mean = 3.14), followed by DT12 (artificial intelligence) (mean = 3.07) and DT2 (pre-
fabrication and modular construction) (mean = 2.83). DT5 (cloud and real-time collaboration) and DT12
(artificial intelligence) also show a higher frequency of expert understanding (DTS5 = 11.4% and DT12 =
10.6%).

100%@94-@94-.::*5&0-'9'*9.
0% 106 o 159 167 36 129 jaa o, 114 136

80% 27 20.5
70%
477 432
% 60% 402 409 45 p2 [ 55 B2 188
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5w | H B B BB o
30% -

20%
0% ;

DT1 DT2 DT3 DT4 DT5 DT6 DT7 DT8 DT9 DT10 DTI11 DTI2
Types of disruptive technology

ENo ®Limited = Basic Proficient  ® Expert

Figure 2: Level of understanding disruptive technology

On the other hand, DT7 (big data and predictive analysis) had a mean of 2.67, with 47% only having a
basic level, while 9.8% reported no understanding at all. DT11 (blockchain technology) showed the lowest
mean (2.62), where 43.2% had only a basic understanding, and 12.9% reported no understanding at all,
making it the least understood technology. These results indicate that respondents are relatively more
familiar with practical tools like cloud collaboration and artificial intelligence, while advanced tools such
as blockchain and big data remain poorly understood in the construction industry. The results show that the
majority of respondents only have a limited and basic understanding of disruptive technology, with only a
few showing a proficient and expert understanding of disruptive technology. The basic understanding
recorded the highest percentage, ranging between 37% and 49%, while the expert remained below 12%
across all 12 types of disruptive technologies.

This highlights a significant gap in the industry's understanding of disruptive technologies. This suggests
that the construction industry’s players are generally aware of disruptive technologies, but their
understanding does not align with their awareness. The findings indicate that there is a notable lack of
expert-level knowledge of disruptive technology among many construction industry companies, which may
hinder informed decision-making and practical implementation of disruptive technologies. This limited
level of understanding can be partly attributed to the insufficient distribution of detailed and practical
information by government agencies and policymakers. This interpretation is supported by Zaini et al.
(2020) and Tjandra et al. (2022), emphasizing that insufficient information contributes to the low level of
understanding among industry players. Similarly, a study from Abdul-Samad et al. (2024) shows a
moderate level of technological knowledge among construction contractors, indicating that the
understanding of disruptive technology is limited and not yet applied in practical use.

At the technology-specific level, the understanding of DT8 (IoT) is aligned with the Radzuan et al.
(2024) findings, which indicated that contractors’ understanding of IoT is largely fundamental rather than
advanced. Similarly, the limited understanding observed for DT9 (additive manufacturing) is consistent
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with the findings of Ismail et al. (2020), which highlighted a significant lack of understanding of additive
manufacturing technology among contractors, despite a small group demonstrating higher proficiency.
Overall, these results suggest that the Malaysian construction industry continues to face challenges in
improving the understanding of disruptive technology. The industry’s ability to progress toward effective
digital transformation may remain constrained without more comprehensive, structured, and practice-
oriented information. Therefore, significant efforts are needed to enhance understanding across various
technologies in the Malaysian construction industry. In addition, the gap between awareness and
understanding explains the slow pace of disruptive technology adoption in the construction industry despite
increasing digitalization initiatives.

4.4 The level of usage of disruptive technology
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Figure 3: Level of usage of disruptive technology

This section analyzes the current level of usage of disruptive technologies in the construction industry.
There are five levels to measure the usage, which are not in use, considering use, early adoption, used
sometimes, and frequently used. Overall, the findings indicate that most technologies show the level of
usage of ‘considering use’ and ‘used for sometimes’, with mean values ranging from 2.20 to 3.35. Based
on Figure 3, the highest usage level was recorded for DTS (cloud and real-time collaboration), with a mean
of 3.35. There are 27.3% of respondents reported frequent use, 21.2% sometimes used it, and only 6.8%
did not use it at all, showing that this is the most adopted technology. Then it's followed by DT12 (artificial
intelligence) with a mean of 2.95, where 25% of respondents reported early adoption and 16.7% used it
sometimes, although 40.9% are still only considering using it. DT3 (autonomous construction) also showed
a relatively higher adoption (mean = 2.52), with 18.2% in early adoption and 17.4% sometimes using it;
however, 21.2% not using it at all.

In contrast, DT10 (advanced building materials) recorded the lowest mean (2.20), with 30.3% not in use
and 37.1% only considering use, while very few have moved to adoption or frequent usage. Similarly,
DT11 (blockchain technology) (mean = 2.31) showed 38.6% considering use, but 27.3% not in use, and
only 9.1% at frequent use. DT9 (3D printing and additive manufacturing) also scored low (mean = 2.29),
with 41.7% still considering use and just 12.1% sometimes using it. These results highlight a significant
gap between awareness and usage. While respondents are aware of several technologies such as Al and
blockchain, actual usage remains limited, with most respondents still at the stage of consideration rather
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than active adoption. The results in Figure 3 reveal that the adoption of disruptive technologies in the
construction industry remains low. Most of the respondents chose “not in use” categories, ranging from
21.2% to 40.9%, and “considering use”, ranging from 34.8% to 41.7%. However, the frequent use of
disruptive technology is consistent with its lowest category, with values below 8% for most technologies.

The findings suggest that the usage of disruptive technologies in the construction industry remains at an
early stage, reflecting the initial transition from awareness and understanding to actual adoption. While
some organizations have formally adopted certain technologies, particularly Building Information
Modelling (BIM), individual-level usage among employees appears to be limited. This shows that
company-level adoption does not always lead to regular use by employees. This interpretation is consistent
with the findings of Zaini et al. (2020), who reported that 78.5% of organizations had implemented BIM
technology for less than five years, indicating relatively recent adoption and limited maturity in usage.
Despite the findings indicating that the overall adoption of disruptive technologies remains low, there are
signs of positive growth in the implementation. Specifically, 35.6% of respondents in this study reported
having implemented BIM, which shows a notable increase compared to the 10% reported by Ashraf et al.
(2021). This evidence suggests that although the adoption and usage of disruptive technologies are still at
an early stage, the construction industry is gradually gaining momentum toward greater implementation.

5. Discussion and conclusion

This study examines the awareness, understanding, and usage of disruptive technology adoption in the
Malaysian construction industry. Despite government initiatives to promote adoption, the findings indicate
that adoption levels remain relatively low compared to other sectors, primarily due to barriers such as
limited awareness, resistance to change, insufficient information, and financial constraints. The results
show that while respondents are increasingly aware of technologies such as cloud collaboration and
artificial intelligence, awareness of blockchain and autonomous construction remains limited. Similarly,
the understanding level is just basic knowledge, and fewer than 12% identify themselves as experts.
Although overall usage remains low, there are encouraging signs of progress. For instance, 35.6% of
respondents reported adopting BIM, reflecting a significant increase compared to the 10% adoption
reported by Ashraf et al. (2021). This suggests that the industry is gradually shifting from awareness and
understanding toward actual implementation. In addition, Malaysia’s adoption rate of BIM is slower
compared to other countries (the United Kingdom (80%), followed by Australia (76%), Germany (70%),
Malaysia (55%), and Japan (46%) (CIDB, 2021), mainly due to the lack of trained professionals, which
limits the efficiency and effectiveness of the technology in construction projects (Malaysia Productivity
Corporation, 2023).

However, the gaps between awareness, understanding, and actual usage present significant challenges
for the construction industry. Insufficient information and low levels of usage can lead to inefficient project
construction, as companies are unable to fully use technologies for construction planning and decision-
making (Zaini et al., 2020). As a result, potential benefits such as improving productivity and cost efficiency
are not fully utilized. Moreover, reliance on traditional construction methods due to resistance to change
and the limited skill of workers reduces the industry’s competitiveness (Abioye et al., 2021; Guangbin et
al., 2020), particularly when compared to countries and sectors that have more advanced levels of digital
adoption (Malaysia Productivity Corporation, 2023). The findings of this study indicate that, although
awareness of disruptive technologies is increasing, these technologies cannot be successfully adopted
without sufficient understanding and practical use. Without proper knowledge and application, disruptive
technologies may fail to address industry challenges such as project delays, inefficiencies, and low
productivity.

This study helps policymakers and regulators about the crucial role of government and its agencies in
driving disruptive technology adoption. In addition, this study helps to identify whether the adoption aligns
with the Construction 4.0 Strategic Plan's aims or not, which aim to modernize the Malaysian construction
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sector by adopting disruptive technology to improve productivity. However, the results indicate that while
awareness of technologies such as cloud collaboration and artificial intelligence is growing, understanding
and actual usage remain limited, especially for advanced tools like blockchain, big data, and 3D printing.
This gap between policy goals and current industry practice suggests that the sector is not yet fully aligned
with the Construction 4.0 objectives. Without addressing these gaps, national initiatives such as the
Construction 4.0 Strategic Plan struggle to achieve their intended outcomes in improving productivity and
industry performance.

Therefore, targeted awareness programs and stronger support for SMEs are needed to increase the
adoption of disruptive technology among all construction companies. Given the lack of sufficient
information about disruptive technology, as highlighted by Al-Raqeb et al. (2024), the government should
take a proactive initiative by providing national standards and guidelines for each of the disruptive
technologies. Such initiatives would serve as a structured reference for the industry and could enhance
awareness, understanding, and adoption across construction companies.

Nevertheless, the sample size is limited to Sarawak and may not fully represent the entire Malaysian
construction industry. In addition, this survey is self-reported data and may involve bias, as respondents
might give fully socially desirable answers. It is recommended for future research to expand the study
across different countries or industries for cross-comparison, and also conduct longitudinal studies to
examine how adoption changes over time. More advanced statistical techniques, such as Structural
Equation Modeling (SEM), could be used to examine the relationship between awareness, understanding,
and adoption.
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