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ABSTRACT 

 

Industry 4.0 impacts all industries, and the construction industry is no 

exception. Hence, the emergence of “Construction 4.0” denotes a shift towards 

digitalisation tailored for the construction industry, triggering various 

governmental policy initiatives. The previous studies mainly focus on tools in 

enhancing single project areas. This research aims to investigate the adoption 

of Construction 4.0 digital tools in the Malaysian construction industry. The 

objectives are to identify the benefits incurred from adopting Construction 4.0 

digital tools, to explore the barriers of implementing Construction 4.0 digital 

tools and to infer the readiness of Construction 4.0 digital tools by the 

construction industry players. A questionnaire survey gathered data from 171 

respondents in Klang Valley, Malaysia, which underwent reliability analysis 

and various inferential tests such as Friedman Test, Chi-Square Test, Kruskal-

Wallis Test and Spearman’s Correlation Coefficient Test. There are 11 digital 

tools, 10 benefits, 14 barriers, and 6 strategies identified from the literature 

review and further analysed in this research. The result of the survey revealed 

that the top 3 recognised benefits incurred from adopting digital tools are 

“Precise design, measurement and documentation of my project are facilitated 

by using digital tools”, “Accident and injuries are minimised by using digital 

tools in my project” and “My workers feel safer working with digital tools on 

my project”. However, the findings uncovered a weak correlation between past 

digital tool adoption and future usage recommendations among respondents. 

This result can be attributed to three main barriers, high implementation cost, 

lack of expertise and skilled workers and lack of government support. 

Considering several factors such as inconsistent implementation of digital 

tools, varying adoption rates among professionals and companies, selective 

tool usage and adoption barriers for key players, it can be inferred that 

Malaysian construction industry players are not ready for Construction 4.0. 

Following that, there is a moderate to weak correlation between the strategies 

proposed and the barriers encountered. This conveys an important signal that 

no one-size-fits-all strategy can fully address a specific barrier. In short, 

collaboration among stakeholders is vital to overcoming barriers and 

enhancing the construction industry’s readiness for Construction 4.0. 
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CHAPTER 1 

 

1 INTRODUCTION 

 

1.1 Background of Study 

Up to the first quarter of 2023, the construction industry in Malaysia 

contributes 3.7% to the gross domestic product (GDP), lagging behind sectors 

like services (59.1%), manufacturing (23.6%), agriculture (6.0%), and 

quarrying (6.5%) (Department of Statistics Malaysia, 2023). Despite 

contributing the least to GDP, the construction sector serves as a national 

facilitator due to its vital role in infrastructure development, job creation, and 

fostering economic growth (Chen, et al., 2022; Almatari, et al., 2023). As 

supported by Osunsanmi, et al. (2020); Rafiq, et al. (2021), the construction 

industry is critical to promoting sustainable development in developing 

countries, often serving as a significant sector that provides essential 

infrastructure for economic prosperity.  

However, the construction sector is consistently stigmatised as a ‘3D’ 

industry, which stands for Difficult, Dirty and Dangerous (Mahmood, et al., 

2021). Aureliano, et al. (2019); You and Feng (2020); Ribeiro, et al. (2022) 

also further revealed that the construction industry tends to use traditional 

labour-intensive industry processes, resulting in increased energy consumption, 

environmental pollution, safety dangers, and decreased project completion 

productivity. According to Craveiro, et al. (2019), the construction sector 

consumes a considerable percentage of the raw materials produced across the 

world, accounting for 50% of worldwide steel production, and is responsible 

for 30% of the global greenhouse gas emissions. In addition, the diversified 

and fragmented nature of the construction sector has led to increasing 

inefficiencies in its operations and poses obstacles in sustaining significant 

advancements (Nagy, et al., 2021; Das, et al., 2022).  

Nowadays, industries globally are allocating resources for the 

adoption of technology to accelerate the digital transformation process (Lau, et 

al., 2021). Technological developments and improvements have been the 

catalyst behind the development of Industry 4.0, which represents the fourth 

industrial revolution (Maskuriy, et al., 2019). In response to Asia’s rapid 
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industrialisation, Germany introduced the concept of Industry 4.0 as an 

initiative at the beginning of the decade (Klinc and Turk, 2019; Forcael, et al., 

2020). Besides, Begić and Galić (2021) and Malik, et al. (2023) have shared 

the same perspective that, unlike previous technological revolutions, Industry 

4.0 has the potential to be the first to operate concurrently across the majority 

of the globe due to the global trend of industrial digitalisation. The rapid 

growth of Industry 4.0 in manufacturing is gradually affecting all industries, 

including construction (Perrier, et al., 2020; You and Feng, 2020). Oesterreich 

and Teuteberg (2016) further highlighted that by integrating concepts and 

technologies from Industry 4.0, the construction sector has the potential to 

grow into a technology-oriented industry. As a result, there is a term called 

‘Construction 4.0’ which is particularly suited to the construction sector 

(Perrier, et al., 2020; Kozlovska, et al., 2021; Siriwardhana and Moehler, 

2023). 

The construction industry is crucial to the global economy, and it is 

believed that by using the novel digital tools and techniques of Construction 

4.0, the construction will be able to achieve better levels of productivity 

(Ribeiro, et al., 2022). Hence, various countries are putting effort in launching 

various national policies. In China, the “Made in China 2025” national policy 

was launched to boost manufacturing industries, which can have an influence 

on the construction industry through the use of new technologies such as 

automation as well as digitalisation (Huimin, et al., 2018). Besides, Jākobsone 

(2022) stated that the German government was establishing “Digital Strategy 

2025” by promoting digital transformation as a means of reducing costly 

planning mistakes and building delays. In Malaysia, several national policies 

were launched. For instance, CIDB (2020) introduced the Construction 

Strategic Plan 4.0 (2021–2025) with the objective of reshaping Malaysia’s 

construction industry into an environmentally friendly environment that 

includes sophisticated technology and a well-trained workforce. Besides, 

National Construction Policy 2030 was released by the Prime Minister with 

the aim to guide the construction industry through a full transition to the 

digital age (Ministry of Works, 2021). Not only that, the National Fourth 

Industrial Revolution (4IR) Policy was also launched to provide guidance in 

promoting coherence in the progress of the 4IR and leveraging innovative 4IR 
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digital tools (Economic Planning Unit, 2021). This indicates that the 

Malaysian government has high commitment in transforming the construction 

industry towards Construction 4.0.  

Construction 4.0 appears to be a potential to boost the efficiency of 

the construction sector and shorten the project duration through more 

technological advancements and engagement as well as stakeholder 

collaboration (Lim, et al., 2023). There are several digital tools that have been 

introduced in accordance with national policies in order to facilitate the 

transition of the construction industry toward Construction 4.0. Yet, the 

construction industry has a slow adoption rate for digital tools and holds the 

lowest level of digital maturity (Li, et al., 2019; Karmakar and Delhi, 2021). 

Newman, et al. (2021) also found that only a small percentage of construction 

firms have the capacity of effectively employing digital tools. Likewise, Diana, 

et al. (2019); Begić and Galić (2021) made the same viewpoint that 

construction is still very low-tech, relying mainly on craft-based processes, 

therefore Construction 4.0 adoption is going behind schedule and facing 

significant obstacles. This phenomenon is also applicable to the Malaysian 

construction industry (Almatari, et al., 2023).  

In addition, COVID-19 triggered significant impacts in the Malaysian 

construction sector, including project suspensions, increased prices, restricted 

resources, and a 10% to 30% decrease in project productivity, depending on 

the project (Esa, et al., 2020). Due to its dependence on traditional practices 

and brick-and-mortar concepts, the construction sector experienced significant 

obstacles during lockdown and post-lockdown constraints (Ebekozien and 

Aigbavboa, 2021; Shafei, et al., 2022). Hence, it is vital to understand the 

importance of the Construction 4.0, especially in the post-pandemic era. As 

implied by Kozlovska, et al. (2021); Ribeiro, et al. (2022), the implementation 

of Construction 4.0 has the potential to yield economic advantages by 

improving effectiveness, output, quality, and collaboration. It may also help to 

advance sustainability, safety, and public perception of the construction 

industry. In short, the earlier the transformation to Construction 4.0 takes place, 

the more substantial and diversified the advantages that may be realised 

(Zabidin, et al., 2023). 
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1.2 Problem Statement 

Construction 4.0 is derived from the concept of Industry 4.0. Hence, it is not 

surprisingly that the majority of studies are still focusing on the 

implementation of Industry 4.0 principles into the construction sector. A lot of 

research focused on the issues faced while implementing Industry 4.0 concepts 

in the construction sector as well as suggesting potential solutions to these 

challenges (Alaloul, et al., 2020; Bajpai and Misra, 2021; Kuzdikbay and 

Nadeem, 2022; Chen, et al., 2023). Moshood, et al. (2020); Bhattacharya and 

Momaya (2021); Aliu and Oke (2023)’s study emphasised on the benefits of 

implementing Industry 4.0 in the construction sector with the use of various 

technologies. Some studies also assessed the level of implementation of 

Industry 4.0 technology in the construction industry (Ibrahim, et al., 2022; 

Ribeiro, et al., 2022). 

Construction 4.0 is still a new relative concept in the construction 

industry. Only a few studies specifically concentrate on the implementation of 

Construction 4.0 in various aspects, such as benefits and challenges of its 

implementation (Sawhney, et al., 2020; Karmakar and Delhi, 2021). However, 

these studies only reported how the Construction 4.0 digital tools bring 

benefits to particular aspects of the project. For instance, Fakher and Anandh 

(2022) studied the adoption of Construction 4.0 digital tools to improve 

communication; Malomane, et al. (2022) explored their influence on site 

safety enhancement; and Moon, et al. (2020) assessed their potential to 

increase productivity as well as efficiency. The other related research 

concentrated exclusively on the specific Construction 4.0 digital tools such as 

BIM (Begić and Galić, 2021), IoT (Gamil, et al., 2020; Ibrahim, et al., 2021), 

AR, and VR (Maqsoom, et al., 2023). Apart from that, Osunsanmi, et al. (2020) 

and Olatunde, et al. (2022)’s studies are about the implementation of 

Construction 4.0 with its digital tools in South Africa and Nigeria respectively. 

There is very limited study pertaining to Construction 4.0 in the Malaysian 

construction industry. The Malaysian government has introduced various 

national policies to expedite the transformation within the construction 

industry, it is essential to examine the response of industry players to this shift 

toward Construction 4.0. The following questions must be addressed as part of 

this research: What benefits are associated with deploying Construction 4.0 
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digital tools? What are the obstacles of adopting Construction 4.0 digital tools 

in construction projects? Are the construction industry players ready to 

embrace digital tools for the transition towards Construction 4.0? 

 

1.3 Aim and Objectives 

This research aims to investigate the adoption of Construction 4.0 digital tools 

in the Malaysian construction industry. The aim can be realised through the 

following objectives: 

1. To identify the benefits incurred from adopting Construction 4.0 digital 

tools. 

2. To explore the barriers of implementing Construction 4.0 digital tools. 

3. To infer the readiness of Construction 4.0 digital tools by construction 

industry players. 

 

1.4 Research Methodology 

This research embraces pragmatism as its philosophical foundation and utilises 

a quantitative research approach. In order to collect data from the intended 

respondents, the questionnaires are prepared in Google Forms and distributed 

over social media platforms such as Email, WhatsApp and LinkedIn. There are 

no specific limitations or qualifications for the respondents other than the 

participants must be part of the construction community. Owing to time 

restrictions, this research is limited to the Klang Valley area. The data collected 

from respondents were subjected to Cronbach’s Alpha Reliability Test and several 

inferential tests such as Friedman Test, Pearson’s Chi-Square Test, Kruskal-

Wallis Test and Spearman’s Rank Correlation Coefficient Test. Table 1.1 

provides an overview of the methods used to achieve the objectives of this 

research. 
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Table 1.1: Summary of Research Approaches 

Phase 1 Phase 2 

Literature Review  
Questionnaire Survey 

and Data Analysis 

Objective 1:  Objective 2: Objective 3: 

To identify the types of 

Construction 4.0 digital 

tools. 

To explore the barriers of 

implementing Construction 

4.0 digital tools. 

To infer the readiness of 

Construction 4.0 digital 

tools by construction 

industry players. 

 

1.5 Chapter Layout 

Chapter 1 acts as an introductory section to the entire research. This chapter 

defines the research background and the matters related to Construction 4.0. 

Besides that, this chapter discusses the research’s aims and objectives, 

research methods and chapter layout. 

In addition, Chapter 2 describes an overview of Construction 4.0, 

sourced from various publications such as journal papers and websites. This 

chapter covers the explanation, benefits, digital tools, challenges, and 

strategies of implementing Construction 4.0. Moreover, in the last section of 

this chapter, a conceptual framework for the adoption of Construction 4.0 

digital tools is developed to illustrate the relationship between the variables.  

In Chapter 3, the research definition is established, and the research 

process is outlined. Moreover, it delineates the research methods and 

philosophy, followed by a justification for selecting the most suitable approach 

for this study. The final section of this chapter defines the data analysis 

methods employed to assess the collected data.  

Furthermore, Chapter 4 summaries and tabulates the outcomes 

obtained from the targeted respondents. The gathered data are analysed 

through reliability analysis and inferential tests, after which the findings are 

discussed to fulfil the research aims and objectives.  

Lastly, Chapter 5 denotes the final chapter of this research. It 

concludes the findings and their respective objectives. After that, research 

implications, limitations and recommendations are provided for future 

improvements in a related subject topic.  
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CHAPTER 2 

 

2 LITERATURE REVIEW 

 

2.1 Introduction 

First and foremost, this chapter describes the concept of Construction 4.0, 

followed by an exploration of several government policies created by various 

parties. Apart from that, this chapter also discusses the benefits of 

Construction 4.0 and its digital tools. Moreover, barriers and strategies of 

implementing Construction 4.0 are explored. Last but not least, a conceptual 

framework of the adoption of Construction 4.0 digital tools is proposed. 

 

2.2 Construction 4.0 

Industry 4.0 is the term used to denote the fourth industrial revolution, 

revolutionising decision-making through technological advances and 

digitalisation (Perrier, et al., 2020; Lim, et al., 2023). This revolution signifies 

the integration of technologies that enable the emergence of intelligent, self-

sufficient, and distributed environments (Santos, et al., 2017; Kozlovska, et al., 

2021). Furthermore, Alaloul, et al. (2020) further defined that Industry 4.0 

refers to the contemporary trend in the industrial sector towards digitalisation, 

mechanisation and broad use of ICT. As a result of the great potential of 

Industry 4.0 technologies to improve the performance of building projects and 

expedite management procedures, the adoption rate of Industry 4.0 rose, 

giving rise to the idea of ‘Construction 4.0’ (Forcael, et al., 2020; Perrier, et al., 

2020). 

Defining Construction 4.0 is a challenge as it is interpreted differently 

by different individuals. In order to clarify this concept, the following 

definitions are given in this research. As stated by Chen, et al. (2018), 

Construction 4.0 refers to the use of technologies that are less than 20 years 

old in the design and building stages in order to boost efficiency. However, 

this is argued by Lekan, et al. (2020), Construction 4.0 represents an emerging 

phase in the construction industry that incorporates digitisation at various 

phases of the construction process. It will alter the building process and 

integrate the fragmented construction sector into a united industry by 
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reshaping organisational and project frameworks (Jazzar, et al., 2020). This is 

supported by Karmakar and Delhi (2021) by explaining that Construction 4.0 

relies on data generation, flow, transformation, and storage to enable 

cooperation among stakeholders across its levels. 

Apart from that, Craveiro, et al. (2019) proposed a possible 

classification that might help in defining Construction 4.0, which is based on 

the industrialization of construction techniques and the digitization of the 

construction industry. Similarly, Osunsanmi, et al. (2020) also defined that 

Construction 4.0 symbolises digitalisation, in which a variety of digital tools 

collaborate to improve project performance and customer satisfaction. As 

perceived by Forcael, et al. (2020), Construction 4.0 is more than just the 

leveraging of advanced technologies to enhance traditional buildings; it 

represents a new perspective of viewing and interpreting construction in light 

of increasing productivity and innovation.  

In conclusion, although there are different points of view among 

researchers when defining the term ‘Construction 4.0’, they share key 

similarities, including the use of digital tools and increased productivity. It 

cannot be denied that Construction 4.0 has a substantially favourable influence 

on the construction industry’s culture, economy, and government (Lau, et al., 

2021). Therefore, understanding the core concept of Construction 4.0 is 

essential for transitioning the current construction industry towards 

digitalisation. 

 

2.3 Government Policies Toward Construction 4.0 

A digital revolution propelled by IR 4.0 has taken place in the industrial sector. 

Therefore, different parties have initiated several national policies to respond 

to this paradigm shift in order to transform the Malaysian construction 

industry towards Construction 4.0.  

Firstly, the National 4IR Policy outlines 10 key sectors, including 

manufacturing, tourism, and healthcare, that will leverage 4IR technologies to 

enhance productivity, along with six supporting sectors like construction and 

entertainment (Economic Planning Unit, 2021). It comprises 16 strategies 

targeting societal, industrial, and public sector improvements, with completion 

dates set through 2030, aiming to align with Malaysia’s 4IR agenda, mitigate 
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risks, and optimise resource allocation to achieve maximum benefits. Besides, 

National Construction Policy (NCP) 2030 guides the public and private 

construction sectors towards achieving inclusive and sustainable national 

development by 2030, while also stimulating infrastructure development to 

restructure the economy. With six outlined thrusts and corresponding 

strategies, NCP 2030 emphasises long-term sustainability, quality, safety, 

professionalism, and the integration of technology, particularly aligned with 

the principles of IR 4.0, to promote holistic and proactive business practices 

within the industry (Ministry of Works, 2021). 

The Construction 4.0 Strategic Plan highlights four key thrusts and 

recommendations to initiate Construction 4.0 from 2021 to 2025, aligning 

local needs with global demands and addressing challenges in people, 

governance, economy, and integrated technologies. Over the next five years, 

this plan will cover 12 developing technologies, emphasising a practical 

approach that promotes leveraging current technology for ongoing 

improvement rather than pursuing digitalisation for its own sake (CIDB, 2020). 

Last but not least, Pelan Strategik Jabatan Kerja Raya (JKR) Malaysia 2021-

2025 seeks to improve project execution and asset management through 

themes like internationalisation, professionalism, quality, productivity, and 

sustainability. One crucial milestone of this policy is to increase the 

implementation of BIM, with 50% of projects valued at RM10 million and 

above using BIM by 2025, ultimately aiming to elevate the country’s 

infrastructure development to international standards (PWD, 2020).  

 

2.4 Types of Construction 4.0 Digital Tools  

The Malaysian government, in collaboration with various parties, has actively 

promoted Construction 4.0 in the construction sector by launching several 

national policies. These initiatives include specific digital tools to speed up the 

digitalisation process, with the main tools discussed below. As outlined in 

Table 2.1, previous studies have recognised different types of Construction 4.0 

digital tools. 
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Table 2.1: Summary of Types of Construction 4.0 Digital Tools. 
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1 BIM ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

2 Cloud Computing ✓ ✓ ✓   ✓    ✓ ✓  ✓  ✓ ✓ ✓  ✓   

3 IoT ✓ ✓ ✓  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   ✓ 

4 Big Data ✓ ✓ ✓  ✓ ✓   ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓   ✓ 

5 CPS ✓    ✓   ✓  ✓  ✓ ✓   ✓     ✓ 

6 AI ✓ ✓  ✓  ✓ ✓ ✓ ✓ ✓  ✓  ✓ ✓ ✓ ✓ ✓ ✓ ✓  

7 
Robotics and Automation 

Systems 
✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓  ✓ ✓ ✓  

8 RFID   ✓ ✓ ✓  ✓ ✓  ✓ ✓ ✓    ✓   ✓   

9 AR / VR ✓ ✓ ✓ ✓ ✓ ✓ ✓   ✓ ✓ ✓  ✓ ✓ ✓  ✓ ✓ ✓  

10 3D Printing ✓ ✓ ✓   ✓ ✓   ✓ ✓  ✓ ✓ ✓ ✓ ✓ ✓  ✓  

11 Blockchain   ✓ ✓     ✓     ✓           ✓ ✓     ✓     
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2.4.1 Building Information Modelling (BIM) 

BIM is a process that uses 3D models to generate and regulate building 

information (Zaher, et al., 2018; Andersson and Eidenskog, 2023). Every 

component of a building is essential. BIM integrates all the technical details 

unique to a structure and facilitates the exchange of this information (Saka and 

Chan, 2020). It allows for the consolidation of all building data into a digital, 

singular, and measurable model, assuring consistency and synchronisation 

over the structure’s entire lifecycle, from initial concept to demolition (Toyin 

and Mewomo, 2022). Hence, BIM extends beyond the building’s exterior and 

encompasses details integrated into each of the project’s constituent elements. 

Besides that, Ibrahim, et al. (2021) elaborated that the process begins 

with producing, using, and sharing project data through a digitalisation system, 

specifically a 3D model that integrates comprehensive project details from 

various perspectives to portray an accurate project image. In this collaborative 

environment, each expert is able to incorporate his or her area of expertise into 

a shared model, including architectural, electromechanical, civil, equipment, 

construction and structural (Forcael, et al., 2020; Hall, et al., 2022). This 

allows for a comprehensive review of the project’s evolution and work product. 

Moreover, Zaia, et al. (2023) also highlighted that in contrast to 2D drawings, 

BIM provides excellent support for clash detection and issue resolution during 

the design phase. Therefore, BIM is a real accelerator for the construction 

industry. 

 

2.4.2 Cloud Computing 

The term ‘cloud computing’ was introduced based on the common use of a 

cloud symbol to represent the Internet in diagrams (Kumar and Cheng, 2010). 

Zhang and Min (2020) defined that it is a collaborative supercomputing 

construction that uses the Internet to centralise huge amounts of information 

and processing power from desktops, smartphones, and other devices. Cloud 

computing in construction involves utilising virtual servers to access project-

related documents, drawings and data via an internet connection (Branco, et al., 

2017). The technology will prove to be very beneficial to the construction 

industry as it requires mobility of consultants and employees and frequent 

setup of new sites.  
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Cloud computing technologies have enabled construction firms, 

especially SMEs, to attain access to sophisticated computer infrastructure and 

applications that would otherwise be financially prohibitive to acquire (Oke, et 

al., 2021b). Besides, cloud security has grown and now includes commonly 

used methods like encryption, the use of current security software, cyber 

insurance coverage, security audits, and others (Chen and Yang, 2022). The 

integration of emerging digital tools like IoT and AR results in significant data 

generation. As illustrated by Bello, et al. (2021), an aerial photograph of a 

location will consume cloud storage points equivalent to hundreds of gigabytes 

on a standard computer. Not only that, Li, et al. (2023) also highlighted that 

on-site data storage relies on physical access, while cloud storage enables 

remote storage and retrieval without any restrictions on space and time. Thus, 

this brings cloud storage a favourable prospect for the construction industry. 

 

2.4.3 Internet of Things (IoT) 

IoT has been rapidly embraced by the construction industry, where different 

stakeholders use it as a common trend (Arowoiya, et al., 2020). According to 

Tanko, et al. (2023), IoT creates a network of physical objects and sensors to 

enable communication and data sharing. Likewise, IoT is defined as a network 

where intelligent devices, or “Things”, connect and interact over the Internet 

with minimal human intervention (Dilakshan, et al., 2021; Dosumu and 

Uwayo, 2023). Hence, in order to guarantee the connectivity and performance 

of IoT devices on construction sites, contractors should ensure that the 

network infrastructure is sufficient (Halim, et al., 2021). 

The IoT has become a fundamental part of building technology, and it 

is dramatically changing the way the construction industry works. Several IoT 

applications in the construction sector had been identified by Oke and 

Arowoiya (2021b), including remote usage monitoring, machinery servicing 

and maintenance, construction tool and equipment tracking, and so on. In 

general, IoT operates by connecting items to the Internet and leveraging the 

connection to remotely supervise or take control of the items. For example, 

wearable devices such as fitness trackers and smartwatches are useful for 

tracking employees’ on-site presence and reporting current involvement 

(Kariuki, et al., 2021). Besides, IoT is also useful in home automation as well 
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as building automation systems. IoT possesses the capability of supervising 

and managing mechanical, electrical, and electronic systems present in a 

variety of buildings, ranging from public and private areas to industrial, 

institutional, and residential structures (Lawal and Rafsanjani, 2022).  

 

2.4.4 Big Data 

Big data refers to large datasets that are used to identify hidden trends, 

behavioural patterns, and unknown connections, enabling improved business 

decision-making and acting as the basis for artificial intelligence and 

automation systems (Oyedele, et al., 2020). Big data is typically classified 

using the 3Vs, which stand for Volume pertains to the quantity of data 

generated; Velocity relates to the speed at which data is produced; Variety 

refers to the type of data sources, including structured and unstructured data 

(Ismail, et al., 2018). This data is acquired via online searches and services, 

mobile devices, digital images, social platforms, as well as a variety of other 

digital communication technologies (Talla and McIlwaine, 2022).  

A project’s construction activity is dynamic, requiring a large amount 

of data interchange from multiple stakeholders to be acquired and analysed. 

The enormous number of people participating, as well as the vast amount of 

equipment and jobs being performed at the same time, construction sites have 

begun to generate large amounts of data (Madanayake and Egbu, 2019). This 

is further supported by Ismail, et al. (2018), data is created and collected 

during the different stages of construction projects, from planning until the 

completion of the project. Hence, big data may be used in conjunction with 

BIM as well as social networks to identify sustainable energy options that 

optimise project performance during the design stage (Hatoum, et al., 2020).  

 

2.4.5 Cyber-Physical System (CPS) 

Bagheri, et al. (2015) described that CPS is a system that combines both man-

made and natural systems (physical space) with computing, communication, 

and control systems (cyber space). Similarly, Klinc and Turk (2019); Banerjee 

and Nayaka (2022) also defined that CPS is a dynamic system wherein virtual 

and physical operations establish connections through embedded computers. 

To achieve decentralised activities, physical and digital instruments should be 
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combined and connected with other devices. Thus, CPS in construction 

incorporates the use of sensors, actuators, robotics, AI, and other technologies 

to improve numerous aspects of the building process (Salkin, et al., 2018). 

Correa (2018) found out that using CPS systems that include BIM 

and sensors throughout the construction process enables for the quick 

identification of prefabricated construction progress. On the other hand, CPS 

employs intelligent machines with enhanced intelligence as well as 

communication capabilities, allowing them to participate in the planning and 

execute specialised or non-repetitive activities (Alcácer and Cruz-Machado, 

2019). Furthermore, Jiang, et al. (2020) claimed that the system creates a 

synchronised mapping of risk data between virtual buildings and physical 

construction sites via scenario reconstruction design, data sensing, data 

communication and data processing modules. As a result, an on-site safety 

management system can be developed through CPS.   

 

2.4.6 Artificial Intelligence (AI) 

AI is the result of an ongoing effort to create machines that exhibit human-like 

intelligence (Talla and McIlwaine, 2022). Cui, et al. (2020); Kor, et al. (2021) 

described that AI is used to define machines is capable of mimicking functions 

of the human brain such as spotting patterns, learning from experiences and 

problem-solving. Besides, Boute, et al. (2022) further explained that 

automation and smartness are the two capabilities that are possessed by AI, 

both of which are connected to physical devices or software that either replace 

manual labour through automated processes or complement human labour via 

smart judgements.  

As a technology, AI has already created an impact on the world. AI 

technology can enhance the entire lifespan of a building, from planning and 

design to construction, maintenance, operation and eventual decommissioning 

(Prabhakar, et al., 2023). Apart from that, it cannot be denied that humans and 

traditional computer systems are incapable of analysing massive amounts of 

data and identifying patterns using rule-based procedures. Thus, AI’s ability to 

manage massive amounts of data, spot trends, and form large statistical models 

to analyse its digital data is one of the key drivers sustaining the building and 

construction business (Eber, 2020). Not only that, in the scope of Construction 
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4.0, AI may be used in artificial vision systems to identify particular objects 

within a construction area, as well as voice and pattern recognition to assess 

construction workers’ real-time effectiveness (Forcael, et al., 2020). 

 

2.4.7 Robotics and Automation Systems 

Automation can be characterised as a self-regulating process that employs 

programmable machines for specific tasks (Kamaruddin, et al., 2016; Alcácer 

and Cruz-Machado, 2019), while robotics is defined as the capability of a 

single, multi-axis adaptable machine to independently perform various jobs 

(Kamaruddin, et al., 2016; Devadass, et al., 2019). Construction robots need to 

navigate large construction sites, handle vast and diverse components, operate 

during inclement weather, and endure constant exposure to dust and debris 

(Yahya, et al., 2019). Thus, the produced robots must have higher durability 

and functionality to perform tedious, dangerous and repetitive jobs. 

Drones and self-driving cars, exoskeletons, off-site prefabrication 

setups, and on-site automated and robotic systems are some of the basic 

categories of robotic and automation systems (Bock, 2015). Digital tools 

involving on-site automated and robotic systems are capable of being 

physically applied at construction sites to fabricate buildings and structures 

(Oke, et al., 2023). Apart from that, Vanderhorst, et al.  (2022) stated that 

unmanned aerial vehicles (UAVs) are a commonly used term for drone 

technology, and its present application is to gather real-time photos from the 

field. Not only that, Tehrani, et al. (2022); Oke, et al. (2023b) also found out 

that robotic arms are commonly employed in jobs such as drilling, painting, 

welding, laying brick and so on. Thus, Forceal, et al. (2020) concluded that the 

current main functions performed by robotics include assessing civil 

constructions, assembling elements in the building of timber structures, and 

undertaking additional activities like steel setup and brick or concrete block 

assembly. 

 

2.4.8 Radio Frequency Identification (RFID) 

RFID system is made up of three parts which are a tag, a reader, and a backend 

system (Osunsanmi, et al., 2020; Proctor-Parker and Stopforth, 2021). The tag 

is normally affixed to the targeted item, and it transmits information about the 
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item to the reader, which in turn transmits it to a back-end system (Wang, et al., 

2020). Besides, Oke, et al. (2023c) mentioned that unlike older barcode 

technology, RFID systems do not require line-of-sight for long-range 

identification. In addition to using computers for data monitoring via RFID, 

mobile phones can also be used for this same purpose (Yap, et al., 2021). 

RFID has found widespread application in many construction projects due to 

its ability to precisely locate one or more objectives in both fixed and dynamic 

operational circumstances.  

Firstly, Dobrucali, et al. (2022) revealed that RFID uses radio waves 

to provide contactless recognition of things, including the reading of digital 

data, improving the monitoring and control of the use and appropriateness of 

personal protective equipment (PPE). It works by placing tags to construction 

workers’ PPE and enables equipment and machinery to automatically transmit 

performance data to relevant parties (Yap, et al., 2021). Furthermore, RFID is 

used to produce material delivery data, which is then stored in RFID tags for 

automated retrieval by RFID readers (Kasim, et al., 2019). For instance, RFID 

tag is applied directly to the material surfaces for a single prefabricated 

component (Chen, et al., 2020). This is further explained by Ibrahem, et al. 

(2020), RFID readers are used by site specialists to scan these tags, collecting 

data that is then saved in a database for analysis. Moreover, Su, et al. (2019) 

also discovered that throughout the process of assembling a prefabricated 

structure on a construction site, RFID may capture up-to-date information by 

tracking embedded tags within the components.  

 

2.4.9 Augmented Reality (AR) / Virtual Reality (VR) 

VR and AR are seen as revolutionary aspects for the construction domain. AR 

is distinguished by two distinct features, namely the combination and 

alignment of actual and virtual objects in 3D space, as well as real-time 

interactivity (Hajirasouli, et al., 2022). Besides, Chen and Xue (2020) claimed 

that AR permits simultaneous interpretation of virtual and real-world aspects 

by matching digital representations with people’s perceptions of reality, 

leading to enhanced information perception and considerably easing decision-

making processes. AR facilitates a paradigm change from a traditional desktop 
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interface to a real world-centred interface, thereby transforming the 

surroundings and actual world into the reality interface (Elghaish, et al., 2021) 

VR systems employ a computer-generated setting to simulate real-

time interactions between the user and a virtual world (Forcael, et al., 2020). 

Furthermore, Uhomoibhi, et al. (2019) also further described that VR is built 

on the construction of an artificial environment, which provides the human 

sensation of immersion and engagement through the collaboration of software, 

hardware, and human senses. On the technical side, VR technologies can have 

a variety of approaches and instruments with varying degrees of sophistication. 

The most basic installations consist of a 3D animation that allows an 

individual to interact via a desktop or laptop using a keyboard and mouse 

(Guray and Kismet, 2022). In short, VR permits users to engage fully within 

simulated environments, whereas AR overlays digital information onto the 

actual world. With the integration of digital tools such as AR and VR, 

construction firms and clients may now examine elements of their projects’ 

designs, construction, and post-construction stages in real-time (Balali, et al., 

2018). They offer immersive experience and simulations that enable 

stakeholders to visualise designs, conduct virtual walkthroughs and identify 

design problems (Alizadehsalehi, et al., 2019). Thus, VR-AR implementations 

are successful in gathering user feedback, which enhances customer 

satisfaction and design performance (Ahmed, 2019). 

 

2.4.10 3D Printing 

3D printing, also called additive manufacturing, is an automated technique that 

constructs complicated 3D shapes by building up successive cross-sectional 

layers, following a 3D model (Olsson, et al., 2019). Ali, et al. (2022) described 

that CAD is the primary tool for creating digital prototypes that will be printed 

layer by layer with a very thin cross-sectional area. The widespread use of this 

automated manufacturing technique is attributed to its significant benefits in 

generating functional prototypes within a reasonable timeframe while reducing 

human participation and material waste (Tay, et al., 2017) 

Concrete, polymers as well as metallic materials are the most 

common materials that can be utilised in 3D printers. As explored by El-

Sayegh, et al. (2020), polymer materials are often employed for aesthetic 
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reasons due to their lack of structural characteristics and it will give a low-risk 

choice for using additive manufacturing technologies.  Apart from that, 

printing concrete for houses and villas using additive technology seems to be 

more promising than constructing large buildings (Hossain, et al., 2020). 3D 

printed buildings can easily lay out structures using curved forms rather than 

the typical straight forms, which makes them more durable. While metallic 

characteristics are highly favoured as a building material, 3D-printed 

construction exclusively using metallic materials tend to be quite hefty. 

Additionally, metals have limitations in terms of both time and cost when used 

in 3D printing (Ali, et al., 2022). 

 

2.4.11 Blockchain 

Blockchain validates transactions using a decentralised peer-to-peer (P2P) 

network (Safa, et al., 2019). A P2P network exists in which every server on the 

network is equal and each workstation gets permission to access data 

(Weerapperuma, et al., 2023). Hence, it eliminates the need for a reliable third 

party to supervise or verify transactions as all the information exchange takes 

place between end users (Kang, et al., 2022). Once a transaction is begun, it is 

transmitted to network nodes for validation and verification. Each node in the 

chain holds different kinds of information, comprising financial transaction 

data, contracts, ownership documents, and statements of legitimacy 

(Akinradewo, et al., 2022). The information stored in such a chain cannot be 

altered or deleted due to the characteristic of the P2P network.  

Every node in the chain is responsible for data security, preserving its 

own information using digital authentication (Weerapperuma, et al., 2023). 

This enables fast and secure data transfer while eliminating the need for any 

external intermediaries. Blockchain networks may withstand attacks even if 

hackers control many nodes because the P2P network creates a dispersed 

topography without a centralised authority (Wahab, et al., 2022). Any 

tampering or alteration of the project data would result in the disqualification 

of that information block, which can be completely tracked back to the 

responsible party. In other words, the data registered within the blockchain 

network is safe and immune to alteration. Therefore, Ebekozien, et al. (2023); 

Xu, et al. (2023) expressed that the technology is commonly employed in 
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project cost, contract tendering, as well as construction procurement 

assessment in the construction project operations. 

 

2.5 Benefits of Construction 4.0 Digital Tools 

The implementation of Construction 4.0 is a notable obstacle in this 

traditionally sluggish sector. As such, it is imperative to fully utilise the 

potential of Construction 4.0 digital tools in construction projects; their 

significance should not be underestimated. Numerous benefits are gained from 

the implementation of Construction 4.0, but the main benefits will be 

discussed below. As indicated in Table 2.2, previous studies have identified 

several benefits associated with the implementation of Construction 4.0 digital 

tools.   
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Table 2.2: Summary of Benefits Incurred from Adopting Construction 4.0 Digital Tools 
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2.5.1 Time Savings 

Delaying is a common issue faced by the construction industry and it is not a 

phenomenon welcomed by construction participants as it will have a negative 

influence on the overall project performance (Tariq and Gardezi, 2023). Thus, 

Oke and Arowoiya (2021a) stressed that the construction sector will gain 

significantly from the complete use of Construction 4.0 with its digital tools in 

building projects, particularly in terms of addressing the delays. 

Moon, et al. (2020) discovered that offsite techniques such as 3D 

printing and additive manufacturing can help in reducing the project time over 

traditional brick and mortar construction. Furthermore, Sawhney, et al. (2020) 

also revealed that any potential time lags can be mitigated through immediate 

access to on-site data, leading to efficiency gains in terms of time. IoT devices 

and sensors can capture job site data in a more economical, efficient, and 

effective manner than ever before (Rane and Narvel, 2019). Besides that, 

drones may also be employed to collect aerial information that can be used to 

perform 3D mapping, surveying as well as monitoring (Fadamiro and Oke, 

2019). However, people and traditional computer systems are incapable of 

analysing massive amounts of data. Hence, Prabhakar, et al. (2023) declared 

that the capacity of AI to manage massive amounts of data, spot trends, and 

form large statistical models to analyse its digital data is one of the major 

reasons sustaining the building and construction companies. In short, all 

Construction 4.0 digital tools must work hand-in-hand in order to maximise 

their effectiveness.  

 

2.5.2 Cost Savings 

Cost overrun was, has been and still is a woe in the construction industry. 

Most construction projects in Malaysia have encountered cost escalations, 

falling within the range of 5% to 10% of the overall contract value 

(Kamaruddeen, et al., 2020). Undeniably, the adoption of Construction 4.0 

with its digital tools will involve significant initial costs, yet it promises 

substantial long-term savings (Yahya, et al., 2019). This is further emphasised 

by Okpo, et al. (2023), increased the use of Construction 4.0 digital tools 

would result in building projects being completed under budget, as well as 

avoiding cost overruns. 
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Construction 4.0 digital tools can yield cost savings in different 

aspects. Bhattacharya and Momaya (2021) investigated that the use of robots 

and automated processes, whether in jobs such as bricklaying or plastering, not 

only increases production but also contributes to lower labour costs. The 

construction labour sector is therefore a strong candidate for automation as 

robots can work over lengthier periods of time, at higher speeds, and with 

more efficiency (Ebekozien and Aigbavboa, 2021). On the other hand, through 

the use of fixed sensors such as RFID for supply monitoring, additive 

manufacturing and prefabrication processes may reduce logistics expenses and 

material wastage (Moshood, et al., 2020). Besides, Maqsoom, et al. (2023) 

also mentioned that with the use of AR and VR, project designs may be 

optimised to save money and minimise the likelihood of human mistake by 

discovering and correcting faults in the virtual world. Integrating the physical 

and digital environments simplifies project management by allowing 

improvements to be made virtually and observed in real time (Oke and 

Arowoiya, 2021a). Thus, the project may be done as efficiently as feasible, 

resulting in better outcomes at a cheaper cost.  

 

2.5.3 Quality Improvement 

Implementing the Construction 4.0 with its digital tools streamlines the 

monitoring and management of design as well as manufacturing activities, 

ultimately elevating the quality of construction (Sawhney, et al., 2020). 

Construction 4.0 digital tools in construction activities and procedures can 

result in a better operational framework, enhanced accuracy, fewer 

construction mistakes, and greater efficiency (Aliu and Oke, 2023).  

As mentioned by Moshood, et al. (2020); Bhattacharya and Momaya 

(2021), BIM may improve construction quality by making it easier to identify 

potential problems during the design phase with extraordinary detail and 

information. Not only that, Ikuable, et al. (2020) further provided that IoTs, 

3D printing, cloud computing and so on are transforming the construction 

industry, enabling higher precision and cohesive information. This data can 

provide construction stakeholders with an indicator of potential mistakes, 

project progress performance, and project productivity duration in digital form 

(Tang, et al., 2019). On the other hand, AR and VR play an important role in 
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transforming the construction industry towards Construction 4.0. This is due to 

the construction industry being inextricably linked to 3D space, and experts in 

this area rely largely on visual images to communicate (Maqsoom, et al., 

2023). Hence, Oke and Arowoiya (2021a) stated that AR and VR may bring 

virtual components and computer-generated items into a physical or real world. 

The outcome of a design may be evaluated to minimise the errors and changes 

that occur during the construction stage, which can jeopardise the project’s 

value (Aliu and Oke, 2023).  

 

2.5.4 Safety Enhancement 

Fatality rate of the Malaysian construction sector is increasing at an alarming 

rate. Based on National Occupational Accident and Disease Statistics 2021, 

the Malaysian construction industry had a fatality rate of 6.30 per 100,000 

employees, which was the second highest compared to other sectors 

(Department of Statistics Malaysia, 2021). Therefore, Aliu and Oke (2023) 

stressed that poor construction site health and safety culture is to blame for the 

consistently high incidence of accidents and fatalities during the development 

of construction projects.  

Hence, it is crucial to stress the importance of Construction 4.0 as it 

has the ability to minimise the workforce and results in a safer and less labour-

intensive workplace for workers (Demirkesen and Tezel, 2021). Likewise, 

Sawhney, et al. (2020); Malomane, et al. (2022) accentuated that applying 

Construction 4.0 digital tools has the potential to offer safer alternatives to 

employees while also enhancing safety inspections as well as supervision. For 

instance, by leveraging IoT devices, the enhanced safety of on-site work 

becomes attainable due to the industry’s elevated vulnerability to workplace 

injuries and accidents; this has been aided by the implementation of RFID and 

wireless wearable sensors, which have effectively lowered the occurrence of 

accidents and casualties within construction sites (Bhattacharya and Momaya, 

2021). Besides, site accidents and human mistakes can be significantly 

decreased with the introduction of automation technologies such as robots 

(Aghimien, et al., 2022a). Moreover, Aliu and Oke (2023) also supported that 

robotics is the programming of robots to interact independently with things in 

order to execute activities in a safer and more efficient manner. Not only that, 
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BIM, as one of the safety facilitators might, promote a safe environment and 

improve danger detection by enhancing safety planning and decision-making 

on the suitable safety practices (Oesterreich and Teuteberg, 2016; Fargnoli and 

Lombardi, 2020).  

 

2.5.5 Boosting Sustainability 

It is a well-known fact that the construction sector contributes to a variety of 

pollution, such as air and water contamination, creates noise pollution and 

destroys natural ecosystems. According to the NCP 2030, the construction 

industry is also responsible for up to 50% of climate change impacts, 40% of 

worldwide energy consumption, and 50% of trash dumped in landfills 

(Ministry of Works, 2021). Apart from that, the building industry produces 

around half of all carbon emissions and energy consumption (Sepasgozar, 

2021). Therefore, Sajjad, et al. (2023) believed that there is the potential to 

boost construction industry sustainability by embracing Construction 4.0 with 

its digital tools.  

Construction 4.0 digital tools improve the integration of construction 

waste into the design phase and optimise design, manufacturing, and 

consumption for improved reuse, repair, remanufacture, and recycling 

processes (Talla and McIlwaine, 2022). 3D printing, as a pivotal digital tool 

within Construction 4.0, contributes significantly to enhancing sustainability. 

As mentioned by El-Sayegh, et al. (2020), 3D printing is environmentally 

friendlier than conventional techniques due to its reduced waste generation, 

achieved by customising materials to match the output. Besides, Wilts, et al. 

(2021) also applied AI in conjunction with a robotic sorting system to separate 

bulky municipal material trash. Furthermore, several of Construction 4.0 

digital tools, including BIM, sensors, and the IoT, have shown to be beneficial 

for fulfilling the aims of a sustainable building environment (Fokaides, et al., 

2020). Thus, the adoption of Construction 4.0 digital tools in construction can 

increase the number of employment hours and fully utilised materials with 

minimal wastage (Moshood, et al., 2020). This would therefore contribute 

significantly to environmental and economic sustainability. 
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2.5.6 Collaboration and Communication Improvement 

Effective collaboration among varied stakeholders is critical for project 

success. Construction 4.0 with its digital tools guarantees that correct 

information is available to the right person at the right time (Bajpai and Misra, 

2021). A study conducted by Tanga, et al. (2021), Construction 4.0 will boost 

communication success through its digital tools by allowing faster access to 

essential information, better data storage, and improved client engagements 

through improved customer feedback and communication systems. 

Aliu and Oke (2023) ascertained that cloud computing has been used 

to give continuous monitoring capabilities, which may provide rapid data on 

material purchases and consumption, as well as real-time reports and 

dashboards to deliver changes. Thus, cloud computing allows construction 

workers to share and access files and data from anywhere and at any time, 

increasing flexibility and communication among professional groups (Okedara, 

et al., 2020; Bajpai and Misra, 2021). Besides that, cloud computing, in 

conjunction with BIM-based technologies or social media tools, may 

effectively boost company cooperation and assist in supply chain management 

(Bhattacharya and Momaya, 2021). Okpo, et al. (2023); Hossain and Nadeem 

(2019) pointed out that BIM is a standard enabling project stakeholders and 

participants to share information and communicate. Moreover, Maskuriy, et al. 

(2019) also agreed by explaining that BIM as a necessary tool for engagement 

and cooperation throughout the project life cycle, as well as an examination of 

the current trends that BIM provides to building projects in the context of 

Construction 4.0. Moreover, blockchain also facilitates trust between 

stakeholders by enhancing the transparency of transactions and the security of 

data transfers, as well as the efficiency and quality of communications 

(Kowalski, et al., 2021). 

 

2.5.7 Increase Time and Cost Predictability 

Successful construction projects are achieved in terms of timeliness, expense, 

customer satisfaction, cost-effectiveness, and efficiency (Okpo, et al., 2023). 

Construction 4.0 digital tools have the potential to revolutionise the way 

construction projects are designed, managed, operated and decisions are made 

(Shafei, et al., 2022). Effective decision-making improves project management 
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by providing opportunities to improve approaches for addressing costs, various 

demands, and time management in building projects (Szafranko, 2017). For 

example, drones deliver high-quality pictures for tracking job progress, 

allowing for informed decision-making via real-time and latest information 

availability (Aliu and Oke, 2023). Besides that, the IoT is a network of 

Internet-connected things that can gather and share data in real time. It 

includes cyber-physical technologies that allow humans to observe operations 

in real time without physically being present (Bhattacharya and Momaya, 

2021). 

A building cost estimating method based on VR has been developed. 

Du, et al. (2018a) explained that VR utilises a dynamic virtual reality model 

that allows customers and users to change materials for various areas of the 

construction while witnessing real-time pricing implications. Furthermore, AI 

assists in ensuring that the project keeps within its budget and timeline and 

detects concerns that require prompt attention (Shang, et al., 2023). Thus, 

Sawhney, et al. (2020) concluded that the accuracy of time and cost estimates 

for ongoing projects can be improved through consistent tracking, automated 

field data collection, image analysis, AI and digital analytical tools. In addition, 

the presence of extensive historical data and information can aid in setting 

benchmarks for preliminary estimation of time and cost for upcoming projects 

(Adekunle, et al., 2021). Hence, implementing Construction 4.0 digital tools 

generates meaningful data and important information, which helps in 

facilitating better time and cost predictability. As a result, this leads to efficient 

decision-making that offers the potential for cost savings, enhanced quality, 

and increased project output (Wang, et al., 2022). 

 

2.5.8 Promote Innovation 

Apart from the benefits listed above, Construction 4.0 also helps in promoting 

innovation in the construction industry. Gong and Wang (2021) stated that 

when compared to other industries, the construction sector receives criticism 

for its relatively low level of innovative performance. By merging the physical 

and digital areas, innovation can produce integrated solutions that address the 

current fragmentation of the industry in terms of horizontal, vertical, and 

longitudinal aspects (Sawhney, et al., 2020).  
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As part of the society’s innovation practice and ongoing progress, 

Construction 4.0 may aid the Malaysian construction sector in cutting costs, 

saving time, and reacting more effectively to client demands (Moshood, et al., 

2020). Even with complicated buildings, Construction 4.0 technologies can 

assist users in developing a feel of the project and identifying an appropriate 

design area (Du, et al., 2018b). For instance, the concept of merging AR and 

VR with construction management is increasing in popularity through 

introducing innovative ways to construction process management (Guray and 

Kismet, 2022). Moreover, Bhattacharya and Momaya (2021) introduced a 

construction cost estimation framework employing VR technology. It utilises a 

real-time virtual reality model, enabling clients to modify materials for floors, 

walls, and other components, observing the immediate impact on the project 

cost and promoting innovation spontaneously (Arowoiya, et al., 2023). 

Monitoring of all phases of a project will result in a greater understanding 

about the design and the reduction of risks associated with the project. 

Therefore, Demirkesen and Tezel (2021) supported the idea that adopting 

Construction 4.0 digital tools may stimulate innovation by increasing 

efficiency in building projects and reducing unpredictability. 

 

2.5.9 Enhance Project Management  

The utilisation of Construction 4.0 digital tools has the potential to optimise 

managerial processes (Maskuriy, et al., 2019; Sajjad, et al., 2023). The amount 

of data will increase correspondingly with the commencement of the building 

process. According to Newman, et al. (2021), big data may be analysed and its 

full worth can be recognised by organisations, and cloud computing provides 

flexible and affordable solutions to support a range of organisational activities, 

such as data backup, remote work, and large-scale data storage. Proper data 

gathering and processing can support better contracts. All parties will be able 

to access various data and information more clearly and transparently, which 

will strengthen coordination and allow for the intelligent management of 

construction activities (Fakher and Anandh, 2022).  

Project risk management is a component of project management that 

emphasises identifying and managing any hazards as they arise. While health, 

safety, and environmental risks are significant concerns in a project, other 
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project risks include contractual, financial, procurement, design, and security 

risks (Ngo and Hwang, 2022). A small project with limited funding and 

resources that seeks to prevent mistakes can successfully adopt digital 

innovations by striking a balance between cost, time, safety, and quality (Nagy, 

et al., 2021). Hossain and Nadeem (2019) recommended that the organisation 

should have a well-established BIM-based project management system as BIM 

is a digital planning technique widely adopted by the construction industry. 

The integration of cloud computing with BIM improves organisational 

communication and streamlines supply chain management (Bhattacharya and 

Momaya, 2021); while IoT tackles waste reduction and resource as well as 

budget management in construction (Oke and Arowoiya, 2021a). Conforming 

to Adekunle, et al. (2021), while Construction 4.0 may be disruptive to current 

systems and workflows, it prompts companies to formulate survival strategies. 

As a result, it impacts all stakeholders in the construction industry, influences 

the supply chain, and enhances the project management. 

 

2.5.10 Enhance Site Design and Logistical Planning 

Construction 4.0 with its digital tools play a significant role in enhancing site 

design and logistical planning in construction due to their ability for promoting 

efficiency, precision, and collaboration. According to Yousif, et al. (2022), 

“project information” on any construction project refers to all of the data, 

regardless of format, that is used to coordinate, plan, and carry out the project 

from its inception to its completion. The precise data helps identify the 

potential dangers involved in every process, from commencement to 

completion. As claimed by Rachmawati and Kim (2022); Elghaish, et al. 

(2021), unmanned aerial vehicles (UAVs) use imagery and data collection to 

generate a 3D model of the building site. Then, this model is contrasted with a 

planned model developed through BIM. Real-time AR/VR visualisation of as-

built and as-planned on multiple devices dramatically improves site design and 

logistics planning by increasing visual clarity, accelerating decision-making, 

and enabling remote collaboration (Nagy, et al., 2021).  

Besides, mass customisation of house construction was made possible 

by design automation, which combines genetic algorithms and sophisticated 
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simulation tools with the BIM model (Maskuriy, et al., 2019). This is due to 

BIM can assist planners and architects in optimising spatial layouts for sites, 

assuring resource efficiency and lessening logistical difficulties. Besides, El 

Jazzar, et al. (2021); Wayne, et al. (2023) disclosed that AI may use previous 

data to forecast possible bottlenecks in logistics by continually evaluating a 

wide range of plan alternatives. It is quite vital for underground construction 

sites, which are high-risk settings with possible dangers. A CPS is used to 

simulate and monitor the hoisting process in order to prevent dangerous 

situations in cranes and the hoisted cutter wheel while blind hoisting 

(Statsenko, et al., 2023). In conclusion, the construction sector may optimise 

site design and streamline logistical planning by implementing Construction 

4.0 digital tools.  

 

2.6 Barriers of Implementing Construction 4.0 Digital Tools 

Construction sector is a labour-intensive industry where the implementation of 

Construction 4.0 is important to elevate the industry’s reputation. However, it 

is not essayed to be done without any expertise and procedures as Construction 

4.0 requires special planning and collaboration from various parties. Therefore, 

this often results in a number of barriers that hinder the stakeholders in the 

implementation towards Construction 4.0.  

There are many barriers that may impede the implementation of 

Construction 4.0. However, several main barriers are explored. Previous 

studies have revealed a variety of barriers to implementing Construction 4.0 

digital tools, as illustrated in Table 2.3. 
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 Table 2.3: Summary of Barriers of Implementing Construction 4.0 Digital Tools 
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2.6.1 High Implementation Cost 

The implementation of Construction 4.0 digital tools in the construction 

industry is hampered by high implementation cost (Kozlovska, et al., 2021). 

According to Jazzar, et al. (2020), the significant financial constraints include 

the high costs involved with adopting new technology, the requirement for 

more skilled workers, and investments in R&D. This indicated that additional 

training is required to provide to existing employees when novel technologies 

are deployed. Not only that, Balasubramanian, et al. (2021) mentioned that the 

annual subscription fees, cyber-security fees, staff training expenses and ICT 

update expenses are the hidden and recurring costs of Construction 4.0 

technologies. Also, maintenance fees for new robotics equipment are often 

greater due to the requirement for a specialised professional to do the 

maintenance (Yahya, et al., 2019). Besides, Newman, et al. (2021) also 

commented that Construction 4.0 adoption may result in high expenses for 

possessing and employing technology as some technologies may require 

continuous improvement and development.  

Apart from that, Sawhney, et al. (2020) declared that the investment 

in Construction 4.0 technologies could demand significant upfront costs with 

high risk as the lack of clarity of the benefits and the forecasting of cost 

savings. This statement was further supported by Karmakar and Delhi (2021), 

the payback period for the technology in question is longer compared to the 

duration of the project. Construction 4.0 technologies’ return on investment 

will be lower for smaller businesses than for larger ones because of 

insufficient scale economies (Balasubramanian, et al., 2021; Maqsoom, et al., 

2023). Therefore, purchasing pricy technologies, recruiting professionals, and 

providing training are the main factors contributing to the high implementation 

cost. Smaller companies might encounter huge challenges in adopting 

Construction 4.0 technology due to financial and human resource constraints.  

 

2.6.2 Lack of Expertise and Skilled Workers 

Lack of expertise and skilled workers is normally a steppingstone in 

implementing Construction 4.0. Wang, et al. (2022) made the point that the 

construction industry would not immediately move towards digitalisation 

without the necessary skills. Successful digitalisation in the construction sector 
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requires a solid foundation in ICT skills, as professionals trained as analysts, 

software developers, maintenance specialists and technical consultants are 

scarce in the industry (Aghimien, et al., 2021). Therefore, it becomes 

challenging for construction firms to begin a transition process towards 

Construction 4.0 when the availability of skilled labour is unpredictable and 

insufficient (Demirkesen and Tezel, 2021). 

Since some of the Construction 4.0 digital tools have only recently 

been introduced to the construction industry, there are few professionals that 

are competent in using these tools effectively (Ghosh, et al., 2020). A study 

conducted by Shang, et al. (2023) showed that the critical shortage of workers 

with the training or skills required to run AI systems has become one of the 

key barriers to AI adoption in the construction industry.  In order to become a 

professional or skilled worker to operate the Construction 4.0 digital tools, 

skills must be acquired through participation in all relevant training (Kissi, et 

al., 2022; Nicole, et al., 2022). Hence, Diana, et al. (2019) claimed that for the 

formal acquisition of fresh knowledge and the updating of on-site abilities to 

operate the digital tools of Construction 4.0, extra training is necessary.  This 

will hinder the adoption of Construction 4.0 as it takes time for a person to 

have an in-depth understanding of the tools and training on how to use them 

before they can become experts (Delgado, et al., 2019). 

 

2.6.3 Resistance to Change 

Resistance to change among the construction players might block the 

digitalisation process in construction. According to Ghosh, et al. (2020); 

Shafei, et al. (2022), construction industry professionals are reluctant to 

change as change often demands changes in routines, processes, and systems 

which lead to disturb the current construction practices. Since most of the 

professionals already established a comfortable environment with their own 

familiar processes and traditional methods, they want to maintain the status-

quo with the familiarity and predictability (Lau, et al., 2019). For instance, 

instead of embracing new methods that involve training, contractors are 

typically eager to employ those that they are already familiar with (Chen, et al., 

2023). This is due to the familiar routines giving professionals a sense of 

control over their work environment. 



33 

Apart from that, Ibrahim, et al. (2021); Kissi, et al. (2022) explained 

that construction workers are hesitant to change since emerging technology 

keeps developing, requiring upgrades and adjustments that would spend their 

time and result in more expenses each time when the digital devices have any 

evolvement. New technology puts a lot of pressure on employees who have 

become accustomed to the status quo to learn new procedures quickly (Nicole, 

et al., 2022). Moreover, Prabhakar, et al. (2023) also discovered that fear of 

losing their jobs caused employees to be hesitant to implement Construction 

4.0. Aghimien, et al. (2021) further elaborated that digital tools may readily 

take over boring and repetitive activities as digitalisation becomes popular in 

the construction industry. The reason behind this is that digital tools are 

progressively gaining the ability to replicate human behaviour, thereby posing 

a potential threat to jobs (Delgado, et al., 2019). As a result, employees may 

adopt the mindset that they will be replaced by machines in the future, which 

could discourage them from embracing new technologies. 

 

2.6.4 Concerning on Data Security and Protection Issues 

Data security and data protection have become one of the main concerns for 

construction companies when implementing Construction 4.0 (Nicole, et al., 

2022). As explored by Wang, et al. (2022), by 2029, there will be more than 

15 billion IoT devices connected to company infrastructure, which creates 

critical situations for data transforming for construction activities. As more 

digital platforms are adopted in the construction industry, the risk of 

cyberattacks is increasing. According to Mantha and de Soto (2019), the AEC 

sector has encountered multiple cases of cyberattacks with the purpose to steal 

confidential information, access unauthorised files, and alter current data. 

Besides, Bajpai, et al. (2023) also claimed that project-related data may 

become accessible to several clients due to unauthorised access, poor user 

verification, and other authentication confirmations. Therefore, the device may 

be exposed to a cyberattack if security is inadequate.  

Furthermore, security and privacy are crucial when the building is 

being occupied by users. Digitalisation in the industry enables the integration 

of a wide range of sensors that keep items fully linked to each other without 

any outside interference (Bajpai and Misra, 2021). The potential threat of 
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using this confidential information exists because of the increasing availability 

of data provided from several sources. An example was provided by Forcael, 

et al. (2020), smart homes with IoT integration have the difficulty of managing 

massive amounts of data provided over the Internet to prevent device 

communication issues. Since all data is transmitted through computer 

networks and the Internet, the possibility of data leakage is present (Alaloul, et 

al., 2020; Kuzdikbay and Nadeem, 2022). This may lead to the sensitive user 

data being abused, and confidentiality can be violated.  

 

2.6.5 Lack of Regulations and Standardisation 

According to Chen, et al. (2023), lack of adequate rules and standards for the 

application of digital tools may deter professionals from implementing the 

developing digital tools in working places. Many professionals are quick to 

point their fingers at the government which plays a part in the rules and 

regulations. Olatunde, et al. (2022) mentioned that the government 

organisation charged with creating and enforcing regulations for the use of 

digital innovations has not been aggressive enough to set standards for the 

implementation of Construction 4.0 technology. Besides, this was also further 

explained by Wang, et al. (2022), digital transformation has the potential to 

upset an existing organisational structure or business process in the absence of 

government regulations. Therefore, regulations from the government are 

necessary for construction firms to use as a guide when deciding how to 

strategically address internal operations.  

Every digital tool adopted in Construction 4.0 has unique 

requirements and limitations. There are different requirements in terms of 

energy, bandwidth, security and computational limitations (Bajpai and Misra, 

2021). An example was provided by Xu, et al. (2023), it is difficult to 

incorporate blockchain with other construction technologies since various 

blockchains are unable to interact with one another due to the absence of 

universal standards. Also, in Sweden, the lack of regulations for BIM models 

encourages companies to utilise 2D drawings in legal contracts (Andersson 

and Eidenskog, 2023). In addition, contracting procedures are seldom 

standardised in practice because of the dynamic nature of the interactions 

between Construction 4.0 technologies (Karmakar and Delhi, 2021). 
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Stakeholders may be discouraged from embracing developing digital 

technologies due to a lack of technical standards and trustworthy information. 

Without any standardisation is facilitated through government initiatives as 

well as policy agendas, Construction 4.0 is unattainable. 

 

2.6.6 Lack of Awareness of the Benefits of Construction 4.0 Digital 

Tools 

Zabidin, et al. (2021) discovered that a significant number of stakeholders 

reported only low to moderate familiarity with the idea of Construction 4.0. 

This implies that a lack of awareness of the potential advantages of 

Construction 4.0 remains a major obstacle in the construction sector. SMEs 

face difficulties embracing digital tools due to limited exposure to the global 

construction industry and technology, leading to a lack of understanding 

among construction participants (Ibrahim, et al., 2021). The construction 

stakeholders are not updating themselves on the latest applications of digital 

tools; hence, the awareness level about the application of these tools is getting 

lower (Nicole, et al., 2022). 

Moreover, Ebekozien, et al. (2023) underlined the uncertainty of the 

adoption of Construction 4.0 concept in the construction industry, with low 

priority given by stakeholders to technologies such as blockchain. 

Construction 4.0 technology such as drones currently used in the construction 

industry are highly prioritised, this is associated with a lack of awareness of 

construction-related technologies  (Osunsanmi, et al., 2020). Not only that, the 

unpredictability of the advantages of Construction 4.0 digital tools may lead 

workers to resist technological advancements and face challenges in 

adaptation (Sawhney, et al., 2020; Demirkesen and Tezel, 2021; Kuzdikbay 

and Nadeem, 2022). Hence, construction participants lack awareness of the 

benefits of Construction 4.0 technologies, which hinders their adoption in 

construction workplaces.   

 

2.6.7 Lack of Research on Construction 4.0 Digital Tools 

A lack of research on Construction 4.0 technologies has been noted as a 

roadblock to Construction 4.0. Spending on R&D is frequently neglected by 

the construction industry, which eventually results in a low level of R&D 
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investment (Sawhney, et al., 2020). In the UK, Atkinson, et al. (2022) 

uncovered that construction firms spend less than 1% of their revenue on R&D 

and technological advancements. Oke, et al. (2023c) further revealed that 

professionals prefer to use the manual and conventional methods of tracking 

and monitoring site operations instead of relying heavily on technology, which 

results in a relatively small investment in technology. Nevertheless, Wang, et 

al. (2022) argued that the investments in digital tools are riskier as they have a 

high degree of uncertainty and the return on investment is uncertain.  

According to Shang, et al. (2023), cost as well as profit are typically 

the main determinants of decision-making in the majority of firms. Since 

Construction 4.0 requires construction companies to take strong measures and 

investment to ensure the availability of advanced technology and skilled 

workers, the construction firms especially SME firms might not have 

additional funds to invest in R&D (Yahya et al., 2019). This is due to the fact 

that R&D investments raise costs in the short run and do not provide returns 

immediately, AEC businesses that make these investments are more likely to 

encounter budget overruns (Demirkesen and Tezel, 2021).  

 

2.6.8 Pertaining to Legal and Contractual Matters 

Legal and contractual problems are anticipated if the digital tools included in 

the contract for that specific job are not clearly stated (Ebekozien and 

Samsurijan, 2022). Moreover, Vanderhorst, et al. (2022) also expressed that 

when new technologies, strategies, or processes emerge in the industry, it 

demands clear and unambiguous terms that do not allow for any 

misunderstandings, with initial contracts needed to protect the interests of all 

project stakeholders. However, several construction projects may encounter 

legal and contractual issues because the contracts either fail to clearly explain 

the terms and conditions of the project or include confusing legal terms 

(Almatari, et al., 2023). 

As mentioned by Demirkesen and Tezel (2021), regarding the usage 

of BIM, there are a few legal and contractual problems that remain unresolved, 

such as who is legally responsible for inaccuracies in the model and who owns 

the BIM model. Besides, Xu, et al. (2023) revealed that a lot of nations are not 

yet prepared to implement blockchain technology due to legal and regulatory 



37 

constraints. Not only that, Shang, et al. (2023) also implied that one of the 

main obstacles to the application of AI in the Singapore construction sector is 

legal and contractual concerns. They worry that employing the latest digital 

tools without any support or legal protection might have unexpected legal 

consequences. Therefore, the implementation of cutting-edge devices may 

expose organisations to risk.  

 

2.6.9 Lack of Government Support 

The significance of the government’s contribution in realising Construction 

4.0 should not be overlooked. As described by Chen, et al. (2023), the 

government might significantly assist in offering construction firms access to 

financing and boosting market demand for digital tools. However, Kuzdikbay 

and Nadeem (2022) emphasised that lack of government support is the main 

barrier to the adoption of Construction 4.0 in Kazakhstan. This is because the 

implementation of Construction 4.0 will incur a lot of money. In addition to 

investing a lot of money on costly digital tools purchases and personnel 

training, stakeholders must also cover costs like yearly licensing fees and 

maintenance costs (Onososen, et al., 2023). 

Since SMEs contribute to the majority of the businesses in 

construction, they rely heavily on the government to help them via financing 

initiatives and cooperative partnerships (Alaloul, et al., 2020). This will only 

increase the financial burden of construction firms especially for SMEs. 

Moreover, Ibrahim, et al, (2021) also further added that the failure of the 

government to promote the adoption of cutting-edge digital tools in the 

construction industry is another obstacle. Without any support given from the 

government, they tend to maintain their current construction practices.  

 

2.6.10 Fragmented Nature of Construction Industry 

A lot of construction firms find it difficult to invest in digitization and 

implement innovations because of the construction industry’s fragmentation 

and project-based structure (Osunsanmi, et al., 2020). Besides, Karmakar and 

Delhi (2021) also emphasised that Construction 4.0 requires a more organised 

and collaborative approach, which can be difficult in a sector that has as high 

levels of fragmentation as the construction industry. This is because the 
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construction process involves various parties including client, consultant team, 

contractor, and supplier at different phases, which are starting from the initial 

stages to the end of the project. As defined by Mohd Nawi, et al. (2014), 

traditional project delivery methods led to several fragmentation-related issues, 

including individualism among professionals, a lack of cooperation between 

design and construction, and the sequential nature of the process. In addition, 

the industry’s fragmented structure generates knowledge barriers that make it 

difficult to communicate and work effectively (Demirkesen and Tezel, 2021). 

The digital tools cannot be used effectively without collaboration between the 

construction players. Thus, project fragmentation contributes to low project 

quality, poor productivity, and resistance to adopting new ideas (Yahya, et al., 

2019). 

 

2.6.11 Poor Connectivity Network 

Construction 4.0 is also hindered by issues with the current network 

connectivity. With the purpose of moving towards the future Construction 4.0 

technologies, consistent and quick Internet access is required to guarantee 

excellent service delivery and management of digital as well as network assets 

(Bajpai and Misra, 2021). Nevertheless, it is still difficult to obtain adequate 

network coverage in construction sites, particularly in undeveloped areas 

(Gamil, et al., 2020; Kissi, et al., 2022).  

Internet connection is a prerequisite for Construction 4.0 technologies 

to be used in construction sites. As mentioned by Ibrahim, et al. (2021), 

Internet connectivity will be the primary method used to link the IoT device 

with the system and transmit data into the information while the device 

remains in functioning. Poor network connectivity at the construction site will 

prevent the equipment from operating effectively (Bello, et al., 2021). As a 

result, the operator is unable to obtain the data and the information accuracy as 

well as interoperability may be seriously impacted by this. Besides, Xu, et al. 

(2023) also identified that insufficient storage, limited processing power and 

poor monitoring capabilities are the problems that may arise due to the lack of 

high-speed Internet connection.  
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2.6.12 Low Interest and Market Demand 

Low interest and market demand may slow down the adoption of Construction 

4.0. Hall, et al. (2022) presented that the primary obstacles to the wide-scale 

use of the digital tools are a lack of interest from different parties such as 

customers and subcontractors. As identified by Nagy, et al. (2021), the 

government being one of the major customers in the construction industry, 

engages in all phases of the building lifecycle. The customer has the right to 

make the decision whether they want to construct the project with the use of 

digital tools. There is no rationale for consultants to offer customers digital 

services if they are not digitally prepared (Chen, et al., 2023). As a result, 

customers may not be interested in developing digital technologies since they 

are unaware of the technologies and their advantages (Nagy, et al., 2021).  

On the other hand, a technology that is unfamiliar to a wide range of 

experts will not be effective in its field of application (Oke, et al., 2023b). 

Likewise, Ebekozien and Samsurijan (2022) also agreed that the demand will 

only increase when many professionals are familiar with the technology and 

are able to perform it at an optimum level. Moreover, each of the construction 

projects has different characteristics and nature, and the customer’s 

requirements are different as well. Hence, it is difficult to guarantee that the 

spending committed to integrate robotic systems may be utilised in subsequent 

projects (Davila Delgado, et al., 2019). This is further explored by Yahya, et al. 

(2019) who noted the construction industry’s lack of enthusiasm for robotic 

technology may be linked to the uniqueness of each project, dynamic 

production relocation, fragmented power over the procedure, challenging 

environment, and an uncertain market environment. 

 

2.6.13 Higher Requirements for Computing Devices 

Higher requirement for computing devices has also been identified as a barrier 

to Construction 4.0. As underlined by Kuzdikbay and Nadeem (2022), weather, 

traffic and the surrounding environment are external circumstances influencing 

the dynamic nature of the construction industry. The temperature and humidity 

vary greatly between day and night, requiring the digital tools or materials 

used in the construction or printing process to be resistant to both heat and 

cold (Hossain, et al., 2020). 
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Dust and humidity levels place higher demands on computing devices 

used in construction site environments, mainly outdoor environments (Klinc 

and Turk, 2019). For instance, robotic automation is one of the technologies 

that has been adopted in Construction 4.0. The complexity of tasks that robots 

have to perform in construction is obviously greater when compared to other 

industrial sectors (Turner, et al., 2021). Conforming to Yahya, et al. (2019); 

Oke, et al. (2021a), robots used in construction should be able to perform 

difficult tasks, work effectively in adverse conditions, and withstand a lot of 

dust and grime on the job site. Moreover, Diana, et al. (2019) claimed that it 

would be difficult to handle and develop digital tools if the devices were 

utilised in an open area without an appropriate setting for quality and safety 

monitoring. As a result, it is also necessary to continuously modify the 

standards, maintenance practises, as well as conditions.  

 

2.6.14 Lack of Knowledge Management 

A lack of knowledge management will worsen the process of Construction 4.0 

as top management has less involvement in the implementation of the digital 

tools. Therefore, the approach is never completely understood at management 

level, managers would be less able to appreciate its importance and discover 

its advantages (Zulu, et al., 2023). When the relevant knowledge is insufficient, 

it can be incredibly costly to a business due to the top management may not be 

able to evaluate their current digital abilities and competencies (Wang, et al., 

2022). Besides that, Bajpai and Misra (2022) also expressed that top 

management’s decision to accept digitalisation is being influenced by this lack 

of information; in terms of cost, the managers’ struggles to decide how much 

to spend and where to allocate their money might postpone the application of 

Construction 4.0 technologies. 

Due to a lack of familiarity with the implementation of Construction 

4.0, top management did not aggressively identify skill shortages or pay 

greater attention to the project strategy or the organisational structure of the 

project team (Toyin and Mewomo, 2022). As a result, this may lead to less 

support from top management. According to Aghimien, et al. (2022b), the 

commitment of the company’s upper management is crucial since their 

understanding of technological issues will affect whether they approve of or 
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disagree with digital transformation in their company. Likewise, Wang, et al. 

(2022) also stated that digitalisation may not be achieved without any ongoing 

support and motivation provided by top management to employees. Therefore, 

a lack of comprehensive understanding and knowledge management of 

Construction 4.0 among senior management will lead to reduced support for 

these digital tools and further strengthen worker resistance to this innovative 

transformation. 

 

2.7 Strategies to Improve the Implementation of Construction 4.0 

Digital Tools 

Moving towards Construction 4.0 is complex, uncertain and expensive; 

however, the return brought from the Construction 4.0 with its digital tools is 

worth it. There are several strategies to be taken to improve the 

implementation. 

 

2.7.1 Financial Support 

Government incentives will help to lighten the burden on construction firms, 

especially SMEs, in moving toward Construction 4.0. The implementation of 

Construction 4.0 digital tools required high costs for acquiring and installing 

the technologies, as well as for obtaining the software licence (Perera, et al., 

2023). To enhance accessibility to digital tools and technology for 

construction companies, the government should actively offer subsidies for 

purchasing these resources. According to Kissi, et al. (2022), governments 

should proactively establish comprehensive policies and initiatives, which 

include offering technical and financial assistance to incentivize construction 

companies in adopting new technologies. Those working in the construction 

industry that are unable to purchase the technology needed for their project 

will be drawn to this effort (Xu, et al., 2023).  

On the other hand, offering incentives to SMEs is essential, and it is 

crucial to ensure they are not left behind in the existing fragmented 

construction sector (Georgiadou, 2019; Saka and Chan, 2020). Besides, 

Ibrahim, et al. (2021) also proposed an alternative measure by mentioning that 

the government may implement a rental programme with acceptable costs and 

lease terms. Hence, the contractors may have the opportunities to adopt 
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various digital tools in their projects and determine which technology is most 

suitable for their use. As a result, this could lead to further cost savings for 

contractors, as they have the ability to choose the technology and invest 

accordingly (Aliu and Oke, 2023). Other than that, the government may 

provide financial assistance for research related to digital tools to enhance 

knowledge and develop a localised framework for the implementation of 

Construction 4.0 (Olanrewaju, et al., 2021). 

 

2.7.2 Training and Education 

Poor skills and knowledge are another reason for the failure to implement 

Construction 4.0. Thus, adequate understanding and application of 

construction digital tools in educating and training professional stakeholders 

are vital to achieving a comprehensive and effective adoption of digital 

technologies (Fakher and Anandh, 2022; Toyin and Mewomo, 2022). 

Similarly, Chen, et al. (2023) also stated that enhancement of staff knowledge 

and capacity in digital tools through the provision of professional training and 

upgrading of skills. Therefore, Oke, et al. (2022) recommended that 

management stakeholders should explore ways to enhance the abilities of 

workers already employed in the construction industry. This can be achieved 

by implementing programs or intensive training sessions that enable upskilling, 

multi-skilling, and reskilling, thereby ensuring that workers become 

technologically savvy (Hwang, et al., 2022). It is possible to lower the threat 

of technology rejection brought on by concern over loss of employment. In 

addition, in industries where specific jobs are at risk of becoming obsolete, 

retraining will help to mitigate the effects of unemployment (Aghimien, et al., 

2021).  

On the other hand, to realise the huge potential of Construction 4.0 

technologies to increase productivity, both construction organisations as well 

as governments should invest significantly, which may include the offering of 

software training (Olanrewaju, et al., 2021). However, Lew, et al. (2019) 

argued that software company’s efforts were effective and successful in 

achieving the goals in a shorter period than those of the government, whose 

implementation programmes required resources and an extended period. In 

order to enable users to completely understand and take advantage of the 
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potential benefits of the software, the software producers should take steps to 

set up various types of training. Thus, training might help workers acquire the 

necessary abilities to use digital tools and software and overcome the expertise 

issues that many developing nations encounter (Senanayake et al., 2023).  

 

2.7.3 Increase Awareness of Construction 4.0 

It is essential to increase stakeholders’ awareness regarding the importance of 

achieving digital progress, specifically within the construction industry. A 

recommendation was given by Maqsoom, et al. (2023), stating that publishing 

advertisements is useful in spreading awareness about the benefits of digital 

tools in the construction sector. The Internet has become an immediate and 

affordable platform for creative advertising and reaching out to the global 

users. Hence, this implementation necessitated top management to keep up to 

date on developing technologies and the advantages their organisations can 

obtain by adopting these technologies (Aghimien, et al., 2022). For example, 

well-publicised through social media, industry publications, and other 

channels to highlight the advantages and potential uses of developing 

technology (Chen, et al., 2023). The media, through its visual and printed 

abilities, can effectively convey the message about the importance of 

implementing digital tools to achieve the objectives of Construction 4.0.  

Besides that, Osunsanmi, et al. (2020); Akinradewo, et al. (2022); 

Toyin and Mewomo (2022) also suggested that raising awareness of the 

concept of Construction 4.0 among construction experts through workshops, 

conferences and meetings is crucial to effectively enhance the construction 

professionals’ familiarity with digital technologies and their uses. Olatunde, et 

al. (2022) proposed that the professional organisations should regularly and 

consistently hold seminars for their members and make it compulsory for 

professionals to attend at least a few times. This will open the construction 

participants’ mind to the needs and availability in the market and allow them 

to improve their skills to suit what is needed. Not only that, but professionals 

in the construction industry will also have the chance to learn about the 

numerous methods that digital technologies may be introduced into the 

industry firsthand by attending these events (Aliu and Oke, 2023). 
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2.7.4 Early Technology Involvement 

Graduates produced today by the local universities are examination focused 

and therefore lack the skills a hands-on industry may require. Thus, 

Georgiadou (2019); Lim, et al. (2023) suggested that the government and 

professional organisations examine the integration of digital tools into the 

collaborative-built environment programs in higher education in order to 

address the existing skills as well as knowledge gap. Likewise, some advanced 

digital tools or online platforms can be provided in the teaching and learning 

process for students to do practical work. This will give them early exposure to 

the application of technologies in an actual construction environment (Zabidin, 

et al., 2023). For example, higher education institutions, like universities, 

polytechnics, and vocational colleges, have incorporated IoT devices to 

educate and familiarise construction and engineering students with BIM and 

IoT technologies, preparing them to become future industry leaders (Ibrahim, 

et al., 2021; Lim, et al., 2023).  

Apart from that, university institutions must review and restructure 

their current curricula to reflect the underlying technologies in Construction 

4.0, in order to develop proficient graduates in technology who can integrate 

quickly into the disruptive workplace (Zabidin, et al., 2021; Oke, et al., 2022). 

Universities must always be aware of the latest development in the 

construction industry and providing early exposure to these concepts helps 

improve student comprehension and gives graduates a competitive edge 

(Onososen, et al., 2023).  Moreover, Aghimien, et al. (2022b) mentioned that 

facilitating industry-academia engagement through industrial training for 

undergraduate students helps construction organisations to discover digital 

talent early in the careers of these individuals. Hence, this will improve the 

employability of students and the practical application in the construction 

industry. 

 

2.7.5 Regulations and Policies by Government 

It is the onus of the government to provide suitable regulations and policies in 

realising Construction 4.0. In order to facilitate the advancement of the 

construction sector’s digital evolution, it is necessary for the government to 

express its greatest concern for the adoption of cutting-edge tools by 
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establishing an enabling environment through the implementation of 

regulations and policies (Aliu and Oke, 2023). Thus, Davila Delgado, et al. 

(2019); Ebekozien and Samsurijan (2022) pointed out that mandatory 

programmes are highly disruptive but can accelerate the rate of adoption.  

According to the Malaysia BIM Report 2021 (CIDB, 2022), it stated 

that the mandatory use of BIM for public projects of RM100 million or above 

from 2019 onwards has contributed to the adoption of BIM in Malaysia. 

Furthermore, the National Construction Policy 2023 expects that at least 50% 

of the industry’s operations, including the phases of procurement and 

monitoring, will be digitalized by 2030, with full automation planned through 

the use of BIM (Ministry of Works, 2021). Since there is currently no 

mandatory requirement to implement BIM for private projects, the Malaysian 

government may face huge challenges in accomplishing this target. Thus, Saka 

and Chan (2020) stated that it is crucial to consider the involvement of SMEs 

while developing BIM policy to avoid the further widening of the existing 

digital divide with the industry.  

 

2.7.6 Guidelines by Professional Bodies 

Professional bodies have a great responsibility in helping the construction 

industry in transforming to Construction 4.0. According to CIDB (2020), 

Construction 4.0 Strategic Plan (2021-2025) with the goal to reshape the 

construction sector into a smart, sustainable and productive industry by 

adopting IR 4.0 technologies. The effective incorporation of digitalisation in 

the construction sector significantly depends on the involvement of 

professional organisations. One of the key aspects of their contribution is 

outlining and providing clear guidelines to the construction participants 

(Onososen, et al., 2023). For instance, organisations such as the CIDB, whose 

mission is to promote the development of the construction industry and to 

contribute to social and economic progress, also have the potential to mitigate 

legal risks by easing the strict enforcement of regulations that inhibit the 

adoption of digital technologies in the implementation of public projects 

(Aghimien, et al., 2021). Moreover, Ebekozien, et al. (2023) also further 

supported that Construction 4.0 digital tools should be examined by 
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professional bodies for the construction sector and incorporated into ongoing 

professional development. 

 

2.8 Conceptual Framework for the Adoption of Construction 4.0 

Digital Tools 

The theoretical framework shown in Figure 2.1 provides an overview of the 

literature review. It helps to explore the readiness of the Malaysian 

construction industry for Construction 4.0 digital tools. This research is 

supported by analysing the benefits, types, barriers and strategies of digital 

tools in the industry. 

 

 

Figure 2.1: Conceptual Framework for the Adoption of Construction 4.0 

Digital Tools. 

 

2.9 Summary 

The concept of Construction 4.0 is initially explained in this chapter through 

the perspectives of different researchers. The chapter also explores the benefits 

of Construction 4.0 and its digital tools. Furthermore, this chapter discusses 

several barriers faced during the implementation of Construction 4.0 and 

suggests various strategies for overcoming them. 

 

 



47 

CHAPTER 3 

 

3 METHODOLOGY AND WORK PLAN 

 

3.1 Introduction 

This chapter begins by defining the definition of research. Besides, this 

chapter also describes different types of research philosophy and methods, the 

rationale for the chosen research philosophy and approach, research design, 

research instrument, sampling process and data analysis.  

 

3.2 Definition of Research 

Research is described as a process of discovering new knowledge and as a 

non-political endeavour to contribute to society (Salkind, 2006). As defined by 

Kabir (2016), research means conducting repeated searches, implying that the 

previous search was insufficient and that there are possibilities for 

improvement. Research involves systematically gathering, organising, and 

analysing information to support effective decision-making. Likewise, Sekaran 

and Bougie (2016) also highlighted that research helps organisations to make 

informed choices, as effective decisions lead to problem solving.  

 

3.3 Research Philosophy 

Research philosophy consists of beliefs about the nature of the reality under 

study and guides how to collect, analyse, and utilise data about the 

phenomenon (Saunders, et al., 2016). As claimed by Creswell and Creswell 

(2018), a researcher’s philosophical beliefs about the world and the nature of 

their study are influenced by their worldview, which is affected by disciplines, 

mentors, and prior experiences. According to Saunders, et al. (2016), 

positivism, critical realism, interpretivism, post modernism, and pragmatism 

are the main philosophies to be discussed as below.   

 

3.3.1 Positivism 

The basic principle of positivism is the idea that knowledge may be acquired 

by impartial observations and measurements (Saunders, et al., 2016). In other 

words, positivist philosophy holds that solutions may be discovered by 
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rigorous measurement and analysis, especially of numerical data. As 

elaborated by Creswell and Creswell (2018), research often explores causal 

relationships between variables, while a positivist philosophy aims for 

objectivity, generalisability and reproducibility of findings (Sekaran and 

Bougie, 2016). 

 

3.3.2 Critical Realism 

According to Saunder, et al. (2016), critical realism recognises the existence of 

external reality or objective truth but rejects the idea that such reality can be 

accurately measured. As further explained by Sekaran and Bougie (2016), it 

emphasises that observations, especially of unmeasurable phenomena such as 

satisfaction, motivation and culture, are fundamentally open to interpretation. 

In order to achieve objectivity, researchers can adopt a variety of methods that 

both encourage methodological diversity and provide interpretive insights into 

causes and antecedents (Ghauri and Gronhaugh, 2010). 

 

3.3.3 Interpretivism 

Interpretivism holds that reality is subjective and determined by the experience 

of the observer. It is used in research aimed at understanding the meanings and 

interpretations that individuals attribute to their experiences, commonly 

employing qualitative methods such as interviews, observation and textual 

analysis (Sekaran and Bougie, 2016). Conforming to Creswell and Creswell 

(2018), such research usually explores complex societal issues and personal 

viewpoints, which are naturally more subjective as well as nuanced. 

 

3.3.4 Post Modernism 

According to Saunders, et al. (2016), with the goal of challenging traditional 

thinking and amplifying neglected alternative viewpoints, post modernism 

emphasises the significance of language and power relations. The presentation 

of research results in an objective and unbiased manner is objected to by 

postmodernists. As explained by Neuman (2014), post modernism opposes the 

use of science for prediction and policy making while stresses the importance 

of explicitly and openly uncovering concealed meanings.  
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3.3.5 Pragmatism 

Pragmatism emphasises practical and applied research, where different 

perspectives on the research process and the object of study contribute to 

problem solving (Sekaran and Bougie, 2016). As mentioned by Creswell and 

Creswell (2018), there is no single philosophy or reality system that 

pragmatism adheres to. Thus, pragmatism aims to achieve diverse research 

goals by reconciling objectivity and subjectivity, facts and values and accurate 

knowledge with varied contextual experiences (Saunders, et al., 2016).   

 

3.4 Research Methodology 

Research methodology entails a structured approach to solving a research 

problem, considered as scientific research conducted out systematically 

(Kothari, 2004). As explained by Sekaran and Gougie (2016), scientific 

research is committed to problem-solving, employing a rigorous, logical, and 

comprehensive approach to recognise challenges, collect data, analyse it, and 

draw appropriate conclusions. Qualitative, quantitative, and mixed methods 

are the research methodologies provided by Creswell and Creswell (2018).  

 

3.4.1 Quantitative Method 

Quantitative research is a method to gather numerical data and analyse it in the 

form of statistics through the use of mathematically based procedures (Apuke, 

2017). Patel and Patel (2019) also defined that quantitative method relies 

heavily on primary data sources such as surveys and questionnaires. The data 

can be quantified numerically, analysed statistically, or represented visually in 

tables, charts, histograms, and graphs (Rugg, 2010). A large number of 

respondents are necessary to demonstrate that the results are attainable and 

capable of representing the interests of the population (Queirós, et al., 2017).  

 

3.4.2 Qualitative Method 

Qualitative research aims to gain a better understanding of a topic rather than 

to express it numerically, focusing on the quality and nature of phenomena 

through in-depth interviews to uncover root causes and desires (Queirós, et al., 

2017). Similarly, rather than providing a surface perspective of a large 

population sample, qualitative research attempts to acquire insights inside a 



50 

particular organisation or event (Bhawna and Gobind, 2015). Thus, qualitative 

researchers focus on understanding how individuals perceive and experience 

reality, using methods like interviews and observation to gather data in the 

forms of words, images, or objects (Wilson and Sharples, 2015).  

 

3.4.3 Mixed Method 

Mixed methods research seeks to solve complex research topics that cannot be 

addressed only by “qualitative” or “quantitative” methodologies (Sekaran and 

Bougie, 2016). In order to ensure the final database consists of both research 

data, the data collection adopted in a mixed method requires collecting both 

statistical data and textual data (Bhawna and Gobind, 2015). Thus, Sekaran 

and Gougie (2016); Lamprecht and Guetterman (2019) highlighted that the 

popularity of this strategy stems from its ability to combine inductive and 

deductive thinking, employ numerous research methodologies, and leverage 

diverse data forms to address issues effectively. 

 

3.5 Justification of Selected Philosophy and Research Method 

The pragmatism philosophy is appropriate for this research because it 

prioritises the research that begins with identifying problems and aims to 

develop practical solutions that inform future practices. Applying pragmatism 

to solve the objectives of identifying the benefits and barriers of adopting 

Construction digital tools involves considering theories, concepts, and study 

outcomes in terms of their practical results in specific situations. Besides, it 

can help to assess the practical implications of adopting Construction 4.0 

digital tools in the context of the construction industry in Malaysia. This 

involves examining how these tools are realistically implemented, identifying 

the barriers faced, and understanding how they impact the readiness of 

construction industry players for Construction 4.0. 

The quantitative research method is chosen because this research 

focuses on gathering numerical data to examine the readiness of Construction 

4.0 digital tools by Malaysian construction industry players. A survey research 

approach will be used, in which questionnaires will be distributed to a large 

population of selected respondents. By adopting this method, it tends to be 

more objective as a larger number of the sample of a population. Furthermore, 
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this method also enables researchers to collect large amounts of data 

efficiently in a time constrained period. Apart from that, quantitative research 

used to identify the relationship between independent and dependent variables 

in a population. In this regard, the data collected may be evaluated to 

determine the challenges impeding the implementation of Construction 4.0 

digital tools in construction projects as well as the strategies for improvement. 

As a quantitative research method gives quantifiable data that cannot be 

readily misinterpreted, the results or generalisations are more reliable as well 

as valid. In addition, with the use of statistical techniques in this method, it 

enables for more complex data analysis and allows researchers to understand a 

huge amount of crucial data characteristics. Therefore, a quantitative research 

method is selected.  

 

3.6 Research Design 

The research design is meant to present a suitable structure for research (Jilcha 

Sileyew, 2020). It is used to guide the process to obtain results in order to 

answer the research problem; hence, selecting a suitable research design is 

crucial since it can impact the overall relevance of the research outcomes 

(Moffatt, 2015). 

Before selecting a study topic, the research scope of “digitalised 

construction” is defined. As the area of digitalised construction is too broad to 

study extensively in a single report, a preliminary search for background 

information on the scope is carried out from various sources. After performing 

a preliminary search, a more specific and clearer direction is obtained. With 

the increasing popularity of IR 4.0 in the construction sector as well as the 

associated national policies established by the government, “Assessing the 

Readiness of Malaysian Construction Industry towards Construction 4.0" was 

chosen as the topic of this research. 

After that, the review of literature begins with a vast variety of 

secondary data sources such as journal articles, conference papers and e-books. 

For example, “Construction 4.0” and “IR 4.0 in the construction industry” are 

some of the main keywords used for searching. Meanwhile, the problem of 

research topics is recognised. At this reviewing step, document management is 

used to tidy up all of the sources. For instance, all journal articles are kept in a 
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specific file and named with the year and title. Moreover, in order to avoid 

plagiarism, Harvard citation and reference are applied when writing the 

literature review. During the literature review, research topics covered by 

previous researchers were investigated to identify research gaps. The identified 

research gap pertains to the readiness of Malaysian construction players in 

adopting Construction 4.0 digital tools. Hence, the aim and objectives of this 

research were established to address this gap. 

Afterwards, the pragmatism philosophy and the quantitative method 

is selected for this research. This is due to the large population required to 

examine the readiness of construction industry players towards Construction 

4.0 as well as to gain information about Construction 4.0 in the aspects of 

types of digital tools, barriers and strategies. Therefore, questionnaires are 

developed and distributed through social media and email in order to collect 

the data from targeted respondents. After receiving data from respondents, 

reliability analysis and various inferential tests will be conducted to analyse 

the data. As a result, in order to achieve the research objectives and aim, the 

data analysis results are examined and conclusions are formed.  

Lastly, the final part of this study offers a conclusion. It also 

highlights the limitations encountered while performing this research, as well 

as the research topic recommendation which assists future researchers 

interested in carrying out similar research. Figure 3.1 shows the research 

design which is used to present the whole processes involved in this research.  
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Figure 3.1: Research Design Workflow. 

 

3.7 Research Instrument 

A research instrument is any procedure, tool, or method for collecting, 

evaluating, and analysing data relevant to the research topic. The subsequent 

sections elucidate on the data collection procedures for this research. 

 

3.7.1 Questionnaire Design 

For this research, a questionnaire survey was used to obtain input from the 

specified respondents. The survey is segmented into five separate sections, as 

outlined in Table 3.1. Section A of the questionnaire investigated the 

demographic information of the respondents, including details such as the type 

of business the company is engaged in, the professional role played, their 
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working experience in the construction industry, the respondent’s current 

organisational position, and the size of the company. 

Following that, Section B featured three questions concerning 

Construction 4.0 digital tools. The first question assessed the implementation 

of Construction 4.0 digital tools for their current or past projects, while the 

second question gauged the respondents’ likelihood of implementing 

Construction 4.0 digital tools for their future projects. Both of these questions 

adopted a five-point Likert scale for the respondents to assess their opinion 

regarding 11 distinct Construction 4.0 digital tools. The final question in 

Section B aimed to determine whether respondents preferred using traditional 

or Construction 4.0 digital tools for various construction tasks.  

Furthermore, Section C discussed the benefits of using digital tools 

for Construction 4.0, Section D addressed the barriers to their implementation, 

and Section E focused on strategies to enhance implementation. A five-point 

Likert scale was utilised in each section to gather the respondents’ perceptions 

on various aspects.  

 

Table 3.1: Summary Sections in Questionnaire Survey 

Section Description 

A Respondent’s Background 

B Types of Construction 4.0 Digital Tools 

C Benefits of Implementing Construction 4.0 Digital Tools 

D Barriers of Implementing Construction 4.0 Digital Tools 

E Strategies to Improve the Implementation of Construction 4.0 

Digital Tools 

 

3.8 Sampling Process 

Sampling is the process of choosing an adequate number of appropriate 

components from a larger group with the goal of examining the sample and 

understanding its characteristics (Sekaran and Bougie, 2016). This allows 

making inferences about those characteristics and applying them to the entire 

population. Sampling facilitates the fast collection of information and shortens 

the time between the realisation that information is required and its actual 

availability. Hence, it is important to understand the major steps in sampling to 

obtain information from the right representative sample.  
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3.8.1 Defining the Population 

The population is a collection of people, events, or objects under research from 

which the researcher gathers data to make inferences using sample statistics 

(Sekaran and Bougie, 2016). It is essential to meticulously determine the target 

population in order to ensure that it is in line with the goals and practicality of 

the research. As one of the research objectives is to infer the readiness of 

construction industry players regarding Construction 4.0 digital tools, the 

population is restricted to current construction practitioners, who possess the 

most suitable expertise to provide valuable insights on the research topics. 

 

3.8.2 Determining the Sampling Frame 

The sampling frame is like a population map that lists all the elements from 

which a sample is drawn (Cooper and Schindler, 2014). It should ideally 

include every member of the population. The proper techniques must be used 

by researchers to guarantee that they only use the chosen elements from this 

list. In this research, the sampling frame consists of five groups which include 

architect, engineer, quantity surveyor, builder and supplier or subcontractors or 

specialist. Various official websites, such as CIDB, the Board of Architects 

Malaysia (BAM), the Board of Engineers Malaysia (BEM), the Board of 

Quantity Surveyors Malaysia (BQSM), and Pusat Khidmat Kontraktor (PKK), 

provide access to these professional groups registered under the government. 

By using official government websites to define the sampling frame, it 

facilitates regulatory compliance, accuracy, legitimacy, and inclusion in the 

research process. 

 

3.8.3 Determining the Sampling Design 

Two major types of sampling design, including probability and non-

probability sampling, have been identified. In probability sampling, each case 

in the target population has an equal and known probability of being chosen; 

in non-probability sampling, the likelihood of selecting each case from the 

target population is unpredictable (Sekaran and Bougie, 2016). In other words, 

in non-probability sampling, individuals are chosen based on specific criteria 

rather than randomly, meaning not everyone has an equal chance of being 

included in the study. Non-probability sampling is generally used when time 
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restrictions or other considerations take precedence over generalisability. Due 

to the time restrictions for data collection in this research, which is 

approximately 2 months, a non-probability sampling design has been selected.  

There are few types of nonprobability sampling which include 

convenience, snowball, quota and purposive sampling. However, only 

convenience sampling and snowball sampling had been used in this research. 

According to Saunders, et al. (2016), convenience sampling is the process of 

selecting a sample of people who are readily accessible. On the other hand, 

snowball sampling, also known as network sampling, involves researchers 

being directed by respondents to other individuals who share similar or 

different characteristics, experiences, or perspectives (Cooper and Schindler, 

2014). This method allows researchers to reach different respondents who 

possess specific expertise in answering the questionnaire by initially selecting 

a few respondents. Both sampling designs possess the similarity of being a 

convenient and cost-effective method for collecting data, especially 

considering the time constraints in this research.  

 

3.8.4 Determining the Sampling Size 

Selecting the right sample size may be quite difficult. Hence, as suggested by 

Saunders, et al. (2016) and Islam (2018), central limit theorem (CLT) suggests 

that sample means will approximately follow a normal distribution when 

sufficiently large samples are collected, with each sample size being at least 30, 

from a population, regardless of its distribution. CLT allows researchers to use 

the normal distribution to estimate the population mean using summary 

statistics from just one large enough sample, without having to gather many 

samples of the same size (Ali, et al., 2018). In this research, five questions 

have been designed to gather demographic information, with up to five groups 

available for selection. According to CLT, it is estimated that a minimum of 

150 samples is required with consideration of five categories of respondents’ 

attributes.  
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3.8.5 Executing the Sampling Process 

It is necessary to make decisions on the target population, sampling frame, 

sampling method, and sample size. Subsequently, questionnaires were 

distributed to five professional background groups identified in the sampling 

frame section. Various platforms, including LinkedIn, WhatsApp, and email, 

were employed to improve response rates. In cases where the sample size for a 

specific group did not meet the minimum requirement for CLT, follow-up 

procedures were implemented to maximise responses. After data collection, it 

would be evaluated using the inferential tests outlined in the following section. 

 

3.9 Data Analysis  

Data analysis must be conducted after collecting data from respondents as it 

enhances data interpretation via the use of statistical analysis to uncover 

patterns, trends, and relationships among variables. Hence, Statistical Package 

for Social Sciences (SPSS) is used for data analysis. The following sections 

will discuss the several inferential statistical tests performed in this research.  

 

3.9.1 Cronbach’s Alpha Reliability Test 

Cronbach’s alpha is a statistical tool for ensuring that tests and scales are 

suitable for their intended purpose (Taber, 2018). To put it simply, it assesses 

the reliability of Likert scale questions in a questionnaire, with values closer to 

1 indicating higher consistency. As mentioned by Glen (2024), the data 

demonstrates internal consistency when α exceeds 0.7. Table 3.2 provides the 

interpretation criteria for evaluating the outcome of this test. In this research, 

the questions in Section B, C, D and E are subjected to this reliability test. 

 

Table 3.2: Interpretation of Cronbach’s Alpha Reliability Index 

(Glen, 2024) 

Cronbach’s Alpha Internal Consistency  

α ≥ 0.9 Excellent 

0.9 > α ≥ 0.8 Good 

0.8 > α ≥ 0.7 Acceptable 

0.7 > α ≥ 0.6 Questionable 

0.6 > α ≥ 0.5 Poor 

0.5 > α Unacceptable 
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3.9.2 Friedman Test 

Friedman Test is a useful analytical tool for nonparametric data. The aim of 

this test is to assess whether there is a significant statistical difference between 

the means of three or more groups that consist of the same individuals (Bobbitt, 

2020). Regardless of group size and even in situations with a small number of 

respondents, this method allows test results to be generated for groups that 

may be compared with each other (Jussila, et al., 2008). This test will be 

deployed to determine the means of the dependent variables in questionnaire 

Sections B, C, D, and E. 

 

3.9.3 Pearson’s Chi-Square Test 

Pearson’s Chi-Square test, also known as the Chi-Square test of association or 

independence, is a non-parametric statistical hypothesis test. It compares 

observed outcomes with expected ones to assess if differences are due to 

chance or indicate a relationship between variables (Biswal, 2023). As such, it 

is a useful instrument for improving the comprehension and interpretation of 

the relationship between two category variables. In this research, this test will 

focus on Question 8, which asks about preferences between traditional 

methods and Construction 4.0 tools for various activities outlined in Section B. 

The objective is to ascertain if there is any correlation between different 

groups’ preferences in Section A regarding the two methods.   

 

3.9.4 Kruskal-Wallis Test 

Kruskal-Wallis test, a non-parametric alternative to one-way analysis of 

variance (ANOVA), is capable of recognising significant differences in 

medians between three or more independent groups, if that the data is non-

normally distributed. When applied to ordinal or dependent continuous level 

variables, it compares group medians using ranks as opposed to means or 

variances (Niedoba, et al., 2023; Ahmed, 2024). The null hypothesis states no 

significant differences between groups on dependent variables and is rejected 

if p < 0.05. This test will be applied to Section C and D to assess whether 

significant differences exist among the demographic profiles of respondents 

regarding the benefits incurred from adoption and barriers that impede the 

implementation of Construction 4.0 digital tools.  
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3.9.5 Spearman’s Rank-Order Correlation Coefficient Test 

The strength and direction of the relationship between two ranked variables is 

evaluated using Spearman’s rank-order correlation coefficient (Gupta, 2023). 

The coefficient spans from -1 (strongest negative correlation) to 1 (strongest 

positive correlation) (Schober and Schwarte, 2018). A negative correlation 

shows that when one variable increases, another variable tends to decrease, 

whereas a positive correlation demonstrates that variables increase 

simultaneously. Table 3.3 shows the interpretation of Spearman’s Rank 

Correlation Coefficient. This test will be adopted in Section B for Questions 6 

and 7 to determine whether the adoption of digital tools in past or previous 

projects will affect the recommendation for their future usage. Meanwhile, this 

test will also be applied to gauge the strength of the relationship between the 

six strategies outlined in Section E and their effectiveness in addressing the 14 

barriers detailed in Section D.  

 

Table 3.3: Interpretation of Spearman’s Rank Correlation Coefficient 

(Yan, et al., 2019) 

Grading Standards Correlation Degree 

ρ = 0 No Correlation 

0 < |ρ| ≤ 0.19 Very Weak 

0.20 ≤ |ρ| ≤ 0.19 Weak 

0.40 ≤ |ρ| ≤ 0.59 Moderate 

0.60 ≤ |ρ| ≤ 0.79 Strong 

0.80 ≤ |ρ| < 1.00 Very Strong 

ρ = 1 Monotonic Correlation 

 

3.10 Summary 

In summary, this chapter outlines the research definition and methodology, 

including a discussion of the quantitative research approach employed in the 

research and the overall research procedure. Subsequently, it introduces the 

proposed data analysis methods, including Cronbach’s Alpha Reliability Test, 

Friedman Test, Pearson’s Chi-Square Test, Kruskal-Wallis Test and 

Spearman’s Rank-Order Correlation Coefficient Test, along with their 

respective purposes and applications to specific sections of the questionnaire.   
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CHAPTER 4 

 

4 RESULTS AND DISCUSSION 

 

4.1 Introduction 

This chapter will analyse the collected data with the use of SPSS. Various tests 

will be conducted to identify the current trend in digital tools adoption among 

the construction participants, facilitating the transition of Construction 4.0 and 

contributing to the achievement of the research’s aim and objectives.  

 

4.2 Demographic Information of Respondents 

Table 4.1 below demonstrated an overview of the demographic information of 

171 respondents. Data were collected over a span of approximately two 

months, commencing from 16 February 2024 to 5 April 2024. During this 

period, around 320 questionnaires were distributed through various platforms 

such as LinkedIn, WhatsApp, and Email. The distribution included 55 to 

architects, 55 to engineers, 65 to quantity surveyors, 65 to builders, 45 to 

subcontractors, and 35 to suppliers. By 5 April 2024, a total of 171 responses 

were received, resulting in a response rate of 53%. As depicted in Table 4.1, it 

reveals that the largest proportion of responses came from the property 

development category, constituting 28.10% of the total respondents. In terms 

of professional background, 37 respondents identified themselves as builders, 

making up 21.60% of the overall sample. 

There are 54 individuals in total who reported having 6 to 10 years of 

work experience, comprising the largest segment of the overall sample at 

31.60%. Besides, among the respondents, 49 respondents held senior 

executive positions within their respective organisations, indicating the highest 

representation among all job roles. Lastly, the most substantial number of 

responses came from medium-sized companies with 31 to 75 people, 

amounting to 64 and representing 37.40% of the entire sample.  
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Table 4.1: Demographic Information of Respondents 

Demographic 

Information 

Categories Frequency 

(n) 

Percentage 

(%) 

Company 

Business 

Activities 

Property Development 48 28.10 

Consultancy 41 24.00 

Contracting Business 35 20.50 

Building Material Merchant 23 13.40 

Equipment Supply/ Hiring/ 

Renting Business 

24 14.00 

Professional Architect 33 19.30 

Engineer 32 18.70 

Quantity Surveyor 35 20.50 

Builder 37 21.60 

Supplier/ Subcontractor/ 

Specialist 

34 19.90 

Working 

Experience 

0-2 years 25 14.60 

3-5 years 35 20.50 

6-10 years 54 31.60 

11-20 years 33 19.30 

21 years and above 24 14.00 

Position Junior Executive 46 26.90 

Senior Executive 49 28.60 

Assistant Manager/ 

Manager/ Team Leader 

42 24.60 

Director/ Managing 

Directors/ CEO 

34 19.90 

Company Size Micro (Less than 5 people) 

& Small (5-30 people) 

53 31.00 

Medium (31-75 people) 64 37.40 

Large (More than 75 

people) 

54 31.60 

 

4.3 Cronbach’s Alpha Reliability Test 

The Cronbach’s Alpha Reliability Test results for Sections B, C, D. and E 

were summarised in Table 4.1. If α is greater than 0.7, the data shows internal 

consistency. Each section fulfils the 0.7 criteria, indicating that the questions 

within each section are designed with internal consistency.  
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Table 4.2: Cronbach’s Alpha Reliability Test 

Section Cronbach’s Alpha Number of Items 

B 0.812 33 

C 0.826 16 

D 0.858 14 

E 0.811 6 

 

4.4 Implementation of Construction 4.0 Digital Tools in Past or 

Current Projects 

Table 4.3 shows the mean ranking of the implementation levels for 

Construction 4.0 digital tools in past or current projects. Cloud computing 

emerges as the most commonly adopted tool, followed by BIM and RFID, 

while 3D printing appears to be the least used among respondents in their past 

or current projects.  

 

Table 4.3: Mean Ranking of Implementation Levels for Digital Tools 

Code Statements 
Mean 

Rank 

Chi-

square 

Asymp. 

Sig. 

BA2 Cloud Computing 10.27 948.556 <.001 

BA1 Building Information Modelling 

(BIM) 

9.13 
  

BA8 Radio Frequency Identification 

(RFID) 

6.68 
  

BA4 Big Data 6.44 
  

BA3 Internet of Things (IoT) 6.35 
  

BA11 Blockchain 6.16 
  

BA6 Artificial Intelligence (AI) 5.36 
  

BA5 Cyber-Physical System (CPS) 4.91 
  

BA9 Augmented Reality (AR) / 

Virtual Reality (VR) 

4.52 
  

BA7 Robotics and Automation 

Systems 

3.81 
  

BA10 3D Printing  2.38     
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4.5 Recommendation for Adopting Construction 4.0 Digital Tools in 

Future Projects 

The mean ranking for recommending the adoption of Construction 4.0 digital 

tools in future projects was outlined in Table 4.4. Cloud computing, BIM and 

blockchain stand out as the top three most welcomed digital tools to be 

adopted in future projects. However, 3D printing is the least popular tool to be 

considered for future implementation.  

 

Table 4.4: Mean Ranking of Recommendation Levels for Digital Tools 

Code Statements 
Mean 

Rank 

Chi-

square 

Asymp. 

Sig. 

BS2 Cloud Computing 7.89 382.113 <.001 

BS1 Building Information Modelling 

(BIM) 

7.46   

BS11 Blockchain 6.87  
 

BS8 Radio Frequency Identification 

(RFID) 

6.68   

BS6 Artificial Intelligence (AI) 6.22   

BS4 Big Data 6.13   

BS9 Augmented Reality (AR) / 

Virtual Reality (VR) 

5.84   

BS3 Internet of Things (IoT) 5.54   

BS5 Cyber-Physical System (CPS) 5.01   

BS7 Robotics and Automation 

Systems 

4.75   

BS10 3D Printing 3.60     

 

To appraise the relationship between the implementation of 

Construction 4.0 digital tools in previous and ongoing projects and the 

recommended use of these tools in future projects, Spearman’s Rank-Order 

Correlation Coefficient test was applied. Since digital tools possess unique 

characteristics and functions for specific uses, comparing them with other 

digital tools is irrelevant. Hence, each tool was only matched to its past or 

current use and future recommendations. The findings of this test are shown in 

Table 4.5. 
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Table 4.5: Correlation Coefficient between the Implementation and 

Recommendation Levels for Digital Tools 

Code Statements Correlation 
Asymp. 

Sig.  

BA9 Augmented Reality (AR) / 

Virtual Reality (VR) 

0.398 0.000 

BA1 Building Information Modelling 

(BIM) 

0.310 0.000 

BA8 Radio Frequency Identification 

(RFID) 

0.291 0.000 

BA11 Blockchain 0.198 0.009 

BA2 Cloud Computing 0.184 0.016 

BA10 3D Printing  0.163 0.034 

BA3 Internet of Things (IoT) 0.124 0.107 

BA7 Robotics and Automation 

Systems 

0.071 0.356 

BA4 Big Data 0.062 0.421 

BA5 Cyber-Physical System (CPS) -0.049 0.525 

BA6 Artificial Intelligence (AI) -0.053 0.495 

 

4.6 Preferences for Various Construction Activities: Traditional 

Methods versus Construction 4.0 Digital Tools 

Table 4.6 illustrates respondents’ preferences for traditional methods versus 

Construction 4.0 digital tools across different construction activities by 

presenting the frequency and percentage of each preference. Pearson Chi-

Square test was performed to analyse the relationship between respondents’ 

demographic profiles and their preferences for these methods across various 

activities. Table 4.7 outlines the null hypotheses that were rejected based on 

statistical significance (p < 0.05). 
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Table 4.6: Preference of Traditional Methods and Construction 4.0 Digital Tools among the Respondents 

Code Statements 

Traditional Methods Construction 4.0  

Frequency Percentage Frequency Percentage 

(N) (%) (N) (%) 

BTC1 Design or Modelling/ Measurement (Printed or CAD drawings / Microsoft 

Excel vs BIM) 

7 4.10 164 95.90 

BTC2 Data Storage (Pendrive/ Email/ Hard disk vs Cloud Computing) 5 2.90 166 97.10 

BTC3 Data Generation (Analog sensors and gauges / Field notes / Camera vs 

IoT) 

70 40.90 101 59.10 

BTC4 Data Collection (Microsoft Excel / Field Notes / Camera/ Voice Recorder 

vs Big Data) 

44 25.70 127 74.30 

BTC5 Monitoring construction activities (Microsoft Excel / Mobile devices / 

Manual Labour vs CPS) 

72 42.10 99 57.90 

BTC6 Data Analysis (Microsoft Excel / SPSS vs AI) 37 21.60 134 78.40 

BTC7 Performing Construction Activities / Building, Demolition, Excavation, 

Material Handling (Heavy machine / hand tools vs Robotics and 

Automation) 

62 36.30 109 63.70 

BTC8 Resources Management / Managing Materials, Equipment and Inventory 

(Barcode scanner / mobile devices vs RFID) 

19 11.10 152 88.90 

BTC9 Simulation and Visualisation (Printed or CAD drawings vs AR & VR) 16 9.40 155 90.60 

BTC10 Prefabrication (Heavy machine/ Manual labour vs 3D printing) 83 48.50 88 51.50 

BTC11 Transaction and Contract Management (Paper-based documents vs 

Blockchain) 

36 21.10 135 78.90 
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Table 4.7: Pearson’s Chi-Square Test for the Preference of Traditional Methods and Construction 4.0 Digital Tools among the Respondents 

Code Statements Categories Traditional Method Construction 4.0  Asymp. Sig. 

      Frequency  Percentage Frequency  Percentage   

      (N) (%) (N) (%)   

  Business Activities             

BTC3 Data Generation (Analog sensors and 

gauges / Field notes / Camera vs IoT) 

Property Development 9 18.80 39 81.30 0.004  
Consultancy 23 56.10 18 43.90 

 

 
Contracting Business 18 51.40 17 48.60 

 

 
Building Material 

Merchant 

10 43.50 13 56.50 
 

  Equipment Supply/ Hiring/ 

Renting Business 

10 41.70 14 58.30   

BTC7 Performing Construction Activities / 

Building, Demolition, Excavation, 

Material Handling (Heavy machine / 

hand tools vs Robotics and 

Automation) 

Property Development 15 31.30 33 68.80 <.001  
Consultancy 8 19.50 33 80.50 

 

 
Contracting Business 12 34.30 23 65.70 

 

 
Building Material 

Merchant 

9 39.10 14 60.90 
 

  Equipment Supply/ Hiring/ 

Renting Business 

18 75.00 6 25.00   

BTC9 Simulation and Visualisation (Printed 

or CAD drawings vs AR & VR) 

Property Development 1 2.10 47 97.90 0.013  
Consultancy 2 4.90 39 95.10 

 

 
Contracting Business 3 8.60 32 91.40 

 

 
Building Material 

Merchant 

4 17.40 19 82.60 
 

  Equipment Supply/ Hiring/ 

Renting Business 

6 25.00 18 75.00   
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Table 4.7 (Continued) 

Code Statements Categories Traditional Method Construction 4.0  Asymp. Sig. 

      Frequency  Percentage Frequency  Percentage   

      (N) (%) (N) (%)   

  Professional             

BTC7 Performing Construction Activities / 

Building, Demolition, Excavation, 

Material Handling (Heavy machine / 

hand tools vs Robotics and 

Automation) 

Architect 6 18.20 27 81.80 0.001  
Engineer 15 46.90 17 53.10 

 

 
Quantity Surveyor 6 17.10 29 82.90 

 

 
Builder 16 43.20 21 56.80 

 

 
Supplier/ Subcontractor/ 

Specialist 

19 55.90 15 44.10 
 

BTC9 Simulation and Visualisation (Printed 

or CAD drawings vs AR & VR) 

Architect 0 0.00 33 100.00 0.006  
Engineer 2 6.30 30 93.80 

 

 
Quantity Surveyor 1 2.90 34 97.10 

 

 
Builder 5 13.50 32 86.50 

 

 
Supplier/ Subcontractor/ 

Specialist 

8 23.50 26 76.50 
 

BTC10 Prefabrication (Heavy machine/ 

Manual labour vs 3D printing) 

Architect 14 42.40 19 57.60 0.012  
Engineer 20 62.50 12 37.50 

 

 
Quantity Surveyor 9 25.70 26 74.30 

 

 
Builder 19 51.40 18 48.60 

 

  Supplier/ Subcontractor/ 

Specialist 

21 61.80 13 38.20   
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Table 4.7 (Continued) 

Code Statements Categories Traditional Method Construction 4.0  Asymp. Sig. 

      Frequency  Percentage Frequency  Percentage   

      (N) (%) (N) (%)   

  Working Experience             

BTC3 Data Generation (Analog sensors and 

gauges / Field notes / Camera vs IoT) 

0-2 years 5 20.00 20 80.00 0.022  
3-5 years 21 60.00 14 40.00 

 

 
6-10 years 24 44.40 30 55.60 

 

 
11-20 years 13 39.40 20 60.60 

 

  21 years and above 7 29.20 17 70.80   

BTC4 Data Collection (Microsoft Excel/ 

Field Notes/ Camera/ Voice Recorder 

vs Big Data) 

0-2 years 5 20.00 20 80.00 0.008  
3-5 years 9 25.70 26 74.30 

 

 
6-10 years 23 42.60 31 57.40 

 

 
11-20 years 4 12.10 29 87.90 

 

 
21 years and above 3 12.50 21 87.50 

 

  Company Size             

BTC9 Simulation and Visualisation (Printed 

or CAD drawings vs AR & VR) 

Micro (< 5 people) & 

Small (5-30 people) 

8 15.10 45 84.90 0.024 

 
Medium (31-75 people) 1 1.60 63 98.40 

 

  Large (> 75 people) 7 13.00 47 87.00   
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4.7 Agreement on the Benefits Incurred from Adopting Construction 

4.0 Digital Tools in Construction Project 

Table 4.8 presents the mean ranking on the benefits incurred to the 

respondents’ project through the adoption of Construction 4.0 digital tools. 

The top three ranked benefits are CF6 – “Precise design, measurement and 

documentation of my project are facilitated by using digital tools”, followed 

by CF7 – “Accident and injuries are minimised by using digital tools in my 

project” and CF8 – “My workers feel safer working with digital tools on my 

project”. Apart from that, the last two rankings are CF4 – “My project 

becomes more cost-effective by using digital tools” and CF3 – “My project is 

executed within budget by using digital tools”. 
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Table 4.8: Mean Ranking of the Benefits Incurred from Adopting Construction 4.0 Digital Tools 

Code Statements 
Mean 

Rank 

Chi-

square 

Asymp. 

Sig. 

CF6 Precise design, measurement and documentation of my project are facilitated by using digital tools. 9.99 324.114 <.001 

CF7 Accident and injuries are minimised by using digital tools in my project. 9.92 
  

CF8 My workers feel safer working with digital tools on my project. 9.80 
  

CF5 Quality standards of my project are maintained by using digital tools. 9.74 
  

CF1 Time is saved by using the digital tools in my project. 9.69 
  

CF9 Lesser resource waste is generated by using digital tools in my project. 9.58 
  

CF12 Time and cost predictability of my project are increased by using digital tools. 8.88 
  

CF11 Communication and collaboration within my project are enhanced by using digital tools. 8.71 
  

CF10 Conflict among stakeholders is reduced by using digital tools in my project. 8.48 
  

CF13 More innovative solutions are promoted by using digital tools in my project. 8.18 
  

CF14 The exploration of new aesthetic possibilities is enabled by using digital tools in my project. 7.68 
  

CF16 The layout and logistical planning of the site in my project are improved by using digital tools. 7.29 
  

CF15 My project is properly managed by using digital tools. 7.21 
  

CF2 My project is completed earlier than the completion date by using digital tools. 7.20 
  

CF4 My project becomes more cost-effective by using digital tools. 7.07 
  

CF3 My project is executed within budget by using digital tools. 6.58     



71 

This research investigates the relationship between respondents’ 

demographics and their agreement with the benefits of deploying Construction 

4.0 digital tools using the Kruskal-Wallis test. The results in Table 4.9 reveal 

rejected null hypotheses, indicating a significant difference (p < 0.05) between 

respondents’ demographic variables and the benefits derived from employing 

Construction 4.0 digital tools in their projects.  

 

Table 4.9: Rejected Null Hypothesis for the Respondents’ Agreement on the 

Benefits Incurred from Adopting Construction 4.0 Digital Tools 

Code Null Hypothesis  
Asymp. 

Sig. 

  Professional   

CF8 My workers feel safer working with digital tools on my 

project is same among respondents with the group of 

Architect, Engineer, Quantity Surveyor, Builder and 

Supplier/ Subcontractor/ Specialist. 

0.021 

CF13 More innovative solutions are promoted by using 

digital tools in my project is same among respondents 

with the group of Architect, Engineer, Quantity 

Surveyor, Builder and Supplier/ Subcontractor/ 

Specialist. 

0.014 

CF14 The exploration of new aesthetic possibilities is 

enabled by using digital tools in my project is same 

among respondents with the group of Architect, 

Engineer, Quantity Surveyor, Builder and Supplier/ 

Subcontractor/ Specialist. 

0.035 

  Working Experience   

CF4 My project becomes more cost-effective by using 

digital tools is same among respondents with the 

working experience of 0-2 years, 3-5 years, 6-10 years, 

11-20 years and 21 years and above. 

0.007 

CF6 Precise design, measurement and documentation of my 

project are facilitated by using digital tools is same 

among respondents with the working experience of 0-2 

years, 3-5 years, 6-10 years, 11-20 years and 21 years 

and above. 

0.045 

CF7 Accident and injuries are minimised by using digital 

tools in my project is same among respondents with the 

working experience of 0-2 years, 3-5 years, 6-10 years, 

11-20 years and 21 years and above. 

0.040 
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Table 4.9 (Continued) 

Code Null Hypothesis  
Asymp. 

Sig. 

  Position   

CF7 Accident and injuries are minimised by using digital 

tools in my project is same among respondents with the 

position of Junior Executive, Senior Executive, 

Assistant Manager/ Manager/ Team Leader and 

Director/ Managing Directors/ CEO. 

0.016 

CF8 My workers feel safer working with digital tools on my 

project is same among respondents with the position of 

Junior Executive, Senior Executive, Assistant 

Manager/ Manager/ Team Leader and Director/ 

Managing Directors/ CEO. 

0.032 

  Company Size   

CF15 My project is properly managed by using digital tools 

is same among respondents with company size of 

Micro (<5 people) & Small (5-30 people), Medium 

(31-75 people) and Large (>75 people). 

0.008 

CF16 The layout and logistical planning of the site in my 

project are improved by using digital tools is same 

among respondents with company size of Micro (<5 

people) & Small (5-30 people), Medium (31-75 

people) and Large (>75 people). 

0.005 

 

(A) The group of 21 years and above working experience agreed 

(i) more towards CF4 – “My project becomes more cost-effective by 

using digital tools” (mean rank = 101.21) than group of 3-5 years 

(mean rank = 97.74), 0-2 years (mean rank = 97.08), 6-10 years 

(mean rank = 74.44) and 11-20 years (mean rank = 73.00).  

 

(B) The group of Micro-sized (<5 people) & Small-sized (5-30 people) 

company agreed 

(i) more towards CF15 – “My project is properly managed by using 

digital tools” (mean rank = 100.42) than group of Medium-sized 

(31-75 people) (mean rank =83.36) and Large-sized (>75 people) 

(mean rank = 74.98). 

(ii) more towards CF16 – “The layout and logistical planning of the 

site in my project are improved by using digital tools” (mean rank 

= 100.98) than group of Medium-sized (31-75 people) (mean rank 

= 82.84) and Large-sized (>75 people) (mean rank = 75.04). 
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4.8 Perception on Barriers that Undermine the Implementation of 

Construction 4.0 Digital Tools 

The mean ranking on barriers that undermine the implementation of 

Construction 4.0 digital tools is displayed in Table 4.10. DB1 – “High 

Implementation Cost”, DB2 – “Lack of Expertise and Skilled Workers” and 

DB9 – “Lack of Government Support” are the top three barriers that hinder the 

utilisation of Construction 4.0 digital tools in the respondents’ project. On the 

other hand, DB12 – “Low Interest and Market Demand” and DB7 – “Lack of 

Research on Construction 4.0 Digital Tools” ranked as the last two among the 

14 barriers.  

 

Table 4.10: Mean Ranking of the Barriers that Undermine the Implementation 

of Construction 4.0 Digital Tools  

Code Statements 
Mean 

Rank 

Chi-

square 

Asymp. 

Sig. 

DB1 High Implementation Cost 9.41 268.446 <.001 

DB2 Lack of Expertise and Skilled Workers 8.87 
  

DB9 Lack of Government Support 8.75 
  

DB3 Resistance to Change 8.10 
  

DB8 Pertaining to Legal and Contractual 

Matters 

8.03 
  

DB13 Higher Requirements for Computing 

Devices 

7.55 
  

DB4 Concerning on Data Security and 

Protection Issue 

7.41 
  

DB5 Lack of Regulations and Standardisation 7.34 
  

DB14 Lack of Knowledge Management 7.20 
  

DB11 Poor Connectivity Network 6.93 
  

DB6 Lack of Awareness of the Benefits of 

Construction 4.0 Digital Tools 

6.85 
  

DB10 Fragmentated Nature of Construction 

Industry 

6.74 
  

DB12 Low Interest and Market Demand 6.61 
  

DB7 Lack of Research on Construction 4.0 

Digital Tools 

5.19     

 

The Kruskal-Wallis test was adopted to look into the relationship 

between the demographic profile and the implementation barriers. The 

findings in Table 4.11 show that the null hypotheses were rejected and that 

there is a significant difference (p < 0.05) between the demographic 
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characteristics of the respondents and the barriers deterring them from 

deploying Construction 4.0 digital tools in their projects.  

 

Table 4.11: Rejected Null Hypothesis for the Respondents’ Perception on the 

Barriers that Undermine the Implementation of Construction 4.0 

Digital Tools 

Code Null Hypothesis  
Asymp. 

Sig. 

  Business Activities   

DB7 Lack of Research is same among respondents with the 

group of Property Development, Consultancy, 

Contracting Business, Building Material Merchant and 

Equipment Supply/ Hiring/ Renting Business. 

0.026 

DB11 Poor Connectivity Network is same among respondents 

with the group of Property Development, Consultancy, 

Contracting Business, Building Material Merchant and 

Equipment Supply/ Hiring/ Renting Business. 

0.011 

  Professional   

DB12 Low Interest and Market Demand is same among 

respondents with the group of Architect, Engineer, 

Quantity Surveyor, Builder and Supplier/ 

Subcontractor/ Specialist. 

0.016 

DB13 Higher Requirements for Computing Devices is same 

among respondents with the group of Architect, 

Engineer, Quantity Surveyor, Builder and Supplier/ 

Subcontractor/ Specialist. 

0.004 

  Working Experience   

DB1 High Implementation Cost is same among respondents 

with the working experience of 0-2 years, 3-5 years, 6-

10 years, 11-20 years and 21 years and above. 

0.024 

  Position   

DB2 Lack of Expertise and Skilled Workers is same among 

respondents with the position of Junior Executive, 

Senior Executive, Assistant Manager/ Manager/ Team 

Leader and Director/ Managing Directors/ CEO. 

0.036 

DB5 Lack of Regulations and Standardisation is same among 

respondents with the position of Junior Executive, 

Senior Executive, Assistant Manager/ Manager/ Team 

Leader and Director/ Managing Directors/ CEO. 

0.020 

  Company Size   

DB7 Lack of Research on Construction 4.0 Digital Tools is 

same among respondents with company size of Micro 

(<5 people) & Small (5-30 people), Medium (31-75 

people) and Large (>75 people). 

<.001 
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(A) The group of Building Material Merchant perceived 

(i) more towards DB11 – “Poor Connectivity Network” (mean rank = 

108.91) as the barrier to the implementation of Construction 4.0 

digital tools than group of Equipment Supply/ Hiring/ Renting 

Business (mean rank = 99.50), Consultancy (mean rank = 81.73), 

Contracting Business (mean rank = 80.49) and Property 

Development (mean rank = 75.94).  

 

(B) The group of Builder perceived 

(i) more towards DB13 – “Higher Requirements for Computing 

Devices” (mean rank = 96.66) as the barrier to the implementation 

of Construction 4.0 digital tools than group of Supplier/ 

Subcontractor/ Specialist (mean rank = 91.16), Architect (mean 

rank = 90.50), Engineer (mean rank = 88.95) and Quantity 

Surveyor (mean rank = 62.77).  

 

(C) The group of Micro-sized (<5 people) & Small-sized (5-30 people) 

company perceived 

(i) more towards DB7 – “Lack of Research on Construction 4.0 

Digital Tools” (mean rank = 107.23) as the barrier to the 

implementation of Construction 4.0 digital tools than group of 

Large-sized (>75 people) (mean rank = 77.14) and Medium-sized 

(31-75 people) (mean rank = 75.90).  

 

4.9 Perception towards Strategies for Fostering the Utilisation of 

Construction 4.0 Digital Tools 

The respondents’ perceptions on the mean ranking of six strategies to promote 

the utilisation of Construction 4.0 digital tools are shown in Table 4.12 below. 

The findings indicate that financial support from government ranks highest 

among the strategies, while early technology involvement holds the lowest 

ranking.  
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Table 4.12: Mean Ranking of the Strategies for Fostering the Utilisation of 

Construction 4.0 Digital Tools 

Code Statements 
Mean 

Rank 

Chi-

square 

Asymp. 

Sig. 

ES1 Financial Support from Government 4.15 121.750 <.001 

ES2 Training and Education 3.92 
  

ES5 Regulations and Policies by Government 3.45 
  

ES3 Increase Awareness of Construction 4.0 3.32 
  

ES6 Guidelines by Professional Bodies 3.29 
  

ES4 Early Technology Involvement 2.88     

 

In order to assess the effectiveness of strategies on the various 

barriers listed in Section 4.8, Spearman’s Rank-Order Correlation Coefficient 

test was conducted. The result of this test is presented in Table 4.13. 

Additionally, the total number of significant correlations is determined by P < 

0.05, which means that there is a statistically significant relationship between 

the strategies and barriers. 
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Table 4.13: Correlation Coefficient of the Strategies in Combating Barriers Encountered  

    ES1 ES2 ES3 ES4 ES5 ES6 

    

Financial 

Support from 

Government 

Training and 

Education 

Regulations and 

Policies by 

Government 

Increase 

Awareness of 

Construction 4.0 

Guidelines by 

Professional 

Bodies 

Early 

Technology 

Involvement 

        
DB1 High Implementation Cost .327** .160* 0.140 0.113 .242** 0.075 

DB2 Lack of Expertise and Skilled Workers .311** .472** .327** .245** .429** .253** 

DB3 Resistance to Change .221** .368** .352** .306** .439** .239** 

DB4 Concerning on Data Security and Protection Issue .200** .283** .281** .249** .277** .212** 

DB5 Lack of Regulations and Standardisation .178* .318** .218** .229** .206** .260** 

DB6 Lack of Awareness of the Benefits of Construction 

4.0 Digital Tools 

0.101 .169* .224** .198** .253** 0.148 

DB7 Lack of Research on Construction 4.0 Digital Tools -0.023 .156* .193* .224** .232** .180* 

DB8 Pertaining to Legal and Contractual Matters 0.096 .181* 0.104 0.116 .233** .226** 

DB9 Lack of Government Support .277** .307** .322** .172* .306** .281** 

DB10 Fragmentated Nature of Construction Industry .161* .248** .307** .204** .246** .169* 

DB11 Poor Connectivity Network 0.119 .217** .185* .267** .261** 0.119 

DB12 Low Interest and Market Demand .176* 0.133 .219** 0.114 .270** 0.029 

DB13 Higher Requirements for Computing Devices .208** .291** 0.141 .172* .290** .226** 

DB14 Lack of Knowledge Management .153* .242** .184* .205** .250** .178* 

  Total number of significant correlations 10 13 11 11 14 10 
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4.10 Discussion 

This section elaborates on the previously mentioned results in a thorough 

manner. It is divided into several sections, discussing the benefits incurred 

with its relevant digital tools, and the barriers encountered from adopting 

digital tools in construction projects and the readiness of Malaysian 

construction industry players towards Construction 4.0. 

 

4.10.1 Builders, Micro & Small Sized Companies and 6-10 Years Work 

Experience Groups Perceive Differently in Benefits Incurred 

Table 4.9 illustrates significant differences in 10 benefits across respondents’ 

demographic profiles. However, these benefits are universally applicable and 

beneficial across different specialties within the construction industry, rather 

than being limited to particular professions. In view of this condition, three 

category groups, including builders, micro and small-sized companies and 

those with 6-10 years of work experience, which perceive slight differences 

compared to others, are addressed as follows.  

Firstly, builders ranked CF8 – “My workers feel safer working with 

digital tools on my project” and CF14 – “The exploration of new aesthetic 

possibilities is enabled by using digital tools in my project” as the most 

significant variables. It is unsurprising that the results show builders are more 

inclined to place workers safety as one of the main benefits of adopting digital 

tools compared to consultants. This inclination can be attributed to their direct 

involvement with site workers, risk management considerations and 

operational impact (Iyer, et al., 2020). Builders often have direct supervision 

and responsibility for workers’ safety on construction sites, facing higher 

levels of risk and liability related to workplace accidents and injuries (Osei-

Asibey, et al., 2021). Safety incidents interrupt project timelines, leading to 

costly delays and financial losses for builders, who may incur liquidated 

damages for failing to meet deadlines. By adopting digital tools, it offers a 

safer working environment for workers, assists in reducing the chance of 

accidents and protects the organisation from any legal and financial 

consequences. However, in many countries where construction project bidding 

depends on the “lowest bid” approach, builders that choose to use digital tools 

to improve health and safety procedures may lose bids to competitors who are 
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less likely to prioritise such measures (Khudzari, et al., 2021; Oke, et al., 

2023a). Therefore, builders in a competitive construction industry may look 

for strategies to differentiate themselves and win project bids. Adopting digital 

tools that allow for the exploration of new and visually attractive design 

possibilities can provide builders with a competitive advantage by allowing 

them to deliver different solutions that stand out to clients and project 

stakeholders. Digital technologies may help them efficiently translate design 

concepts into real building and accurately integrate aesthetic features.  

Meanwhile, the majority of the respondents who work in micro (< 

5people) and small (5-30 people) sized construction companies are more in 

agreement with the benefits of digital tools in managing projects compared to 

medium and large-sized companies. This includes CF15 – “My project is 

properly managed by using digital tools” and CF16 – “The layout and 

logistical planning of the site in my project are improved by using digital 

tools.” This could be rooted in the fact that micro and small sized companies 

possess limited resources and tend to adopt low-cost digital tools such as cloud 

computing and CAD software. Due to cloud computing being less expensive 

than traditional technology, these applications have the potential to 

significantly increase adoption of information management technology among 

small and medium-sized construction businesses (Ashraf, et al., 2016; 

Chowdhury, et al., 2019; Aghimien et al., 2022a). These programs provide 

fundamental services to the public, such as free cloud storage and file sharing. 

As highlighted by Yan and Kah (2018), the majority of small-sized 

construction companies in Malaysia still use traditional paper-based and 2D 

digital formats such as PDFs and CAD files. Many low-cost or free CAD tools 

in the current market offer powerful functionality for developing and 

visualising layouts. As a result, micro and small-sized businesses frequently 

use CAD software to generate precise drawings and schematics of their sites.  

On the other hand, it was noted that respondents with 6 to 10 years of 

work experience exhibited a greater inclination towards CF6 – “Precise design, 

measurement and documentation of my project are facilitated by using digital 

tools” and CF7 – “Accident and injuries are minimised by using digital tools 

in my project” as the benefits incurred from the implementation of digital tools. 

It might be that they are more likely to have been exposed to the latest 
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developments in digital tools during their formative years in their careers. The 

outbreak of COVID-19 in 2020 substantially altered the working landscape 

across sectors. Goh, et al. (2023)’s study found out that the COVID-19 

pandemic has sparked digital transformation in Malaysia’s construction 

industry, with increased adoption of digital technologies surpassing pre-

pandemic levels. They are increasingly relying on digital tools for project 

management, recognising their potential to enhance precision, efficiency, and 

safety. The pandemic underscored the importance of safety and risk mitigation, 

prompting these professionals to explore how technologies like IoT, RFID, 

and drones can facilitate remote monitoring, virtual inspections, and real-time 

data analysis to minimise accidents and injuries (Li, et al., 2022). They also 

observed how digital tools enable accurate design and measurement, reducing 

the need for physical presence on-site and addressing health concerns. Overall, 

adaptive professionals with this level of expertise are more likely to see the 

benefits of digital technologies in solving pandemic-related obstacles. 

On top of that, certain group categories are also taken into account to 

enhance the comprehensiveness of the study. The findings revealed that 

respondents from architectural firms highly favour the benefits of CF13 – 

“More innovative solutions are promoted by using digital tools in my project”. 

Architects have a great responsibility in transforming client requirements into 

drawings and they rely heavily on creativity to develop innovative and 

attractive designs. They are at the forefront of BIM adoption because of their 

role in making critical design decisions (Aizat, et al., 2019). BIM helps 

architects to visualise, model, and evaluate designs more effectively by 

streamlining the design process. With the integration of AI and BIM, their 

capability to efficiently produce accurate 3D building models enables 

architects to prioritise design innovation and effortlessly generate alternative 

design layouts, thereby easing their workload.  

Besides, safety benefits such as CF7 – “Accident and injuries are 

minimised by using digital tools in my project” and CF8 – “My workers feel 

safer working with digital tools on my project” are more preferred by 

respondents at managerial levels, including Assistant Manager/ Team Leader/ 

Directors/ CEO. According to Shafei, et al. (2024), organisations bear 

significant responsibility in selecting effective digital options to prevent 
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hazardous construction sites and reduce accidents. Fatal accidents at 

construction sites can greatly interrupt operations, causing work stoppages for 

inspection and deteriorating the company’s reputation. Directors or team 

leaders often have greater degrees of accountability within an organisation and 

are primarily responsible for the company’s overall performance as well as 

safety outcomes. They must know the consequences of their decisions to 

ensure the organisation may fully utilise digital tools and cultivate new safety 

practices (Muktamar, et al., 2023).  

Simultaneously, the findings also target the three major benefits with 

highest mean ranking as depicted in Table 4.8. CF6 – “Precise design, 

measurement and documentation of my project are facilitated by using digital 

tools” being ranked the highest is thus spotted as one of the outstanding 

benefits incurred from implementing Construction 4.0 digital tools. This 

indicates that respondents perceive significant value in the accuracy and 

efficiency gained from utilising these tools for project planning and 

documentation. The ability to achieve precise design and measurement 

improves overall project quality while reducing mistakes, resulting in better 

outcomes and higher satisfaction among stakeholders (Siriwardhana and 

Moehler, 2023). For instance, BIM enhances the reliability of cost and time 

estimates by generating a precise virtual building model, utilised throughout 

the design, planning, and construction phases (Alwashah, et al., 2024). This 

model allows consultants to visualise the structure in a simulated environment, 

identifying potential issues related to design. Furthermore, better planning for 

project scheduling and cost estimation during the early design phase is made 

feasible by the integration of time (4D) and cost (5D) components into BIM 

(Abioye, et al., 2021). Since huge data will be generated, cloud computing 

facilitates the storage and access of data generated throughout project life 

cycles by offering on-demand computer resources over the Internet. It plays a 

critical role in CPS, enabling centralised, shared, and scalable computing 

resources, enabling multiple users to access data and computation without 

separate licences (Aghimien, et al., 2022a). Besides, AI, BIM, cloud 

computing and immersive technologies such as AR and VR are transforming 

engineering design and planning (Okoro, et al., 2022). These tools improve 
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project performance by making data collection, analysis, and storage easier 

before the commencement of construction work.  

On the other hand, CF7 – “Accident and injuries are minimised by 

using digital tools in my project” and CF8 – “My workers feel safer working 

with digital tools on my project” are ranked the second and third place. Since 

both of these benefits are related to safety, it shows that construction 

participants nowadays are more concerned about safety issues in the industry. 

Different digital tools such as IoT (Bhattacharya and Momaya, 2021), and 

robotics and automation (Oke, et al., 2023a) adopted in construction may help 

to create a safer environment for workers to work. These novel technologies 

offer enhanced safety features by predicting and identifying hazards, along 

with continuous monitoring of health and safety performance on construction 

sites. According to Smallwood and Allen (2022), AR and VR are applauded 

for improving duties related to work inspection, data visualisation, and error 

detection on the job site. Moreover, AI is revolutionising safety and health in 

the construction sector by offering improved risk monitoring to worksite 

workers using visual algorithms. By automatically identifying and prioritising 

safety dangers on site using project and photo data, it offers an unbiased risk 

assessment (Shafei, et al., 2024). Not only that, the integration of RFID-based 

real-time tracking systems and sensor-based safety technologies during early 

design and planning phases enables automatic identification and mitigation of 

safety issues, thereby preventing accidents (Yap, et al., 2021). 

 

4.10.2 Builders, Material Merchants and Equipment Suppliers 

Encounter More Barriers in Embracing to Construction 4.0 

Based on Table 4.11, eight barriers exhibit significant differences among 

respondents’ demographic characteristics. Consequently, it was discovered that 

builders, material merchants, and equipment suppliers are facing more 

challenging barriers in embracing Construction 4.0.  

The respondents working for builder firms are more in consensus on 

DB12 – “Low Interest and Market Demand” and DB13 – “Higher 

Requirement for Computing Device” as barriers to the adoption of 

Construction 4.0 digital tools compared to those employed in consultant, 

supplier, subcontractor, or specialist companies. Builders actively involved in 
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the building process will assign priority to urgent issues such as project 

profitability and client demand. They may believe that there is inadequate 

demand from clients for digital tools, or that current market conditions are not 

suitable for investing in such technology. Furthermore, they may encounter 

difficulties incorporating new technology into their established workflows 

(Tam, et al., 2024). Apart from that, builders are more likely to agree on the 

higher requirement for computing devices as barriers because they are 

regularly participating in project execution and are aware of Malaysia’s hot 

and humid weather conditions. This finding aligns with the study by Alwashah, 

et al. (2024), who reported that builders’ concerns about the increased 

requirement for computing equipment act as main barriers to transitioning 

towards Construction 4.0. In Malaysia’s tropical climate, where temperatures 

are consistently hot and humid, there is a greater demand for computing 

equipment that can resist such conditions (Castelo, 2022). Hence, builders are 

cautious to engage in costly digital tools without clear client demand, as any 

damage might result in more time and money spent on repairs.  

Building material merchants and equipment/ supply/ hiring/ renting 

business activities more inclined to consider DB7 – “Lack of Research on 

Construction 4.0 Digital Tools” and DB11 – “Poor Connectivity Network” as 

primary barriers for adopting digital tools due to several factors related to their 

business nature and their relatively limited exposure to digital tools. Their 

focus tends to be on physical goods and logistics rather than digital 

innovations. Their business operations, which often have established 

procedures, may encounter specific issues in inventory management, supply 

chain logistics, and customer interactions. Not only that, but they may also 

require specific digital solutions adapted to their specific requirements, which 

may not be widely available or thoroughly explored on the market (Tam, et al., 

2024). The lack of research into digital tools that solve industry-specific 

difficulties can further reinforce their perception of this barrier. Besides, unlike 

consultancy and property development firms, material merchants and 

equipment suppliers have a vested interest in implementing digital 

technologies that integrate with their management systems. However, 

establishing a successful ICT environment to support employee efficiency is 

often overlooked, especially in remote construction sites lacking critical 
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services such as power and communication. This can lead to operational 

inefficiencies, downtime, and maintenance issues, prompting these companies 

to prioritise reliable connectivity for smooth digital product integration and 

operation (Abioye, et al., 2021).  

Meanwhile, it was also found that Director/ Managing Director/ CEO 

exhibit a stronger consensus regarding DB2 – “Lack of Expertise and Skilled 

Workers” and DB6 – “Lack of Regulations and Standardisation” as barriers 

of implementing Construction 4.0 digital tools compared to individuals 

holding positions as Junior, Senior Executives and Assistant Manager/ 

Manager/ Team Leader. These barriers could be attributed to their managerial 

position in deciding resource allocation, budget planning and company growth 

direction. According to Kraft, et al. (2022), directors must understand current 

technologies before making strategic decisions on selecting and implementing 

digital solutions. This enables them to accurately identify the specific skills 

required to effectively leverage digital tools within their companies. Other 

than that, directors who have a broader perspective in understanding how 

regulatory frameworks and standards influence industry practices should 

ensure that digital tools align with the organisation’s needs and objectives 

(Cortellazzo, et al., 2019). They may know the importance of defined rules and 

legislation governing the adoption and use of digital tools in construction to 

ensure consistency, interoperability, and adherence to industry standards. The 

absence of regulations and standards raises major concerns, possibly leading to 

legal, operational, or reputational challenges because of noncompliance or 

inconsistent procedures. In short, directors act as resource allocator, managing 

resources assessing risks to mitigate the impacts of skill shortages and 

standardisation gaps, thus positioning the firm for long-term success in the 

Construction 4.0 era (Omari, et al., 2023; Chen, et al., 2024).  

Following that, three primary barriers with the highest mean ranking 

are also covered to enhance the completeness of the study, as indicated in 

Table 4.10. It is unsurprising to observe that DB1 – “High Implementation 

Cost” is recognised as the most significant barrier faced when adopting 

Construction 4.0 digital tools. This is similar to the study by Almatari, et al. 

(2023) who noted that investment issues and high implementation cost 

obtained the highest ranked factor contributing to the slow adoption of digital 
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tools in the Malaysian construction industry. In fact, this issues not only 

limited to Malaysia, but several studies have also underscored the influence of 

cost on the implementation of Construction 4.0 digital tools in Vietnam 

(Momade, et al., 2022), Nigeria (Oke, et al., 2023a) and even China (Zhao, et 

al., 2023). Any new technology adoption is always accompanied by concerns 

about costs. Cost issues are often classified into training expenses and the 

acquisition cost of specific software and equipment. The organisation needs to 

hire programmers and software developers, train their workers, and possibly 

form partnerships with companies that have the know-how to fully leverage 

these technologies in order to fully integrate digital tools (Adam, et al., 2020). 

Some of these digital tools require regular upgrades to maintain software 

efficiency, forcing organisations to consistently invest in security 

enhancements. Moreover, the significant costs of purchasing hardware and 

software for these advanced technologies creates challenges for stakeholders 

seeking to incorporate them into different phases of the building process. As 

elucidated by Lee, et al. (2022), the high investment costs of implementing 

Construction 4.0 can exceed the expected growth of an organisation, resulting 

in a financial deficit. The long-term payoff of digital technologies and the 

associated risk contribute to the construction industry's hesitancy in adopting 

them (Akunyumu, et al., 2021). 

Besides, DB2 – “Lack of Expertise and Skilled Workers” ranks 

second in the overall ranking. Shortage of qualified workers to operate the 

technology creates a skills gap that hinders effective transformation due to the 

lack of workers with the competencies needed for the future. These 

discrepancies show a major mismatch between the skills needed by industry 

and the capabilities that are available, which affects productivity (Balogun, 

2024). According to Abiyoke, et al. (2021), there is presently a lack of AI 

engineers competent enough to achieve major improvement in a variety of 

industries, including construction. Recruiting those with industry-specific 

experience for customised solutions is even more challenging. A case study 

done by Ahmed, et al. (2022) in Malaysia demonstrated that BIM adoption in 

the AEC sector is significantly hindered by complexity since simpler 

technologies are more likely to be adopted because they need less time to 

understand. The ability of the new and current workers to acquire the 
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necessary skills may be impacted by insufficient training requirements. 

However, as indicated by the findings of Khudzari, et al. (2021), employees 

with a negative attitude may limit the adoption of digital tools, as some may 

undergo training but fail to implement the gained skills throughout the projects. 

Moreover, DB9 – “Lack of Government Support” is rated third. 

Government plays a critical role in fostering the shift to Construction 4.0 by 

providing supervision, financial support, and regulations, as highlighted in 

various studies (Oke, et al., 2022; Okoro, et al., 2022). As a key client and 

regulator of the construction industry, governments heavily influence design, 

technology, and the adoption of best practices in terms of time, cost, quality 

and environmental performance. The government should conduct further 

research to ascertain the most suitable and realistic stage for technological 

implementation. Furthermore, Khudzari, et al. (2021) emphasised that aligning 

new digital tools with Malaysian standards and environmental considerations 

to ensure company compliance. These initiatives are the government’s indirect 

role of supporting to ensure that Construction 4.0 is successfully incorporated 

into the construction industry. On the other hand, government financial aid or 

incentives are often seen as effective tools and as direct roles to promote the 

adoption of new technology (Jiang, et al., 2022). Ahmed, et al. (2022) 

discovered that the Malaysian government failed to offer any subsidies, tax 

reductions, or other incentives to encourage the use of digital technologies in 

projects. This shows that the Malaysian government’s sluggish responsiveness 

to the technology demands of the construction sector leads to this barrier being 

ranked third in this research.  

 

4.10.3 The Readiness of Construction 4.0 Digital Tools by Construction 

Industry Players 

a) Malaysian Construction Industry is Not Ready for Construction 4.0 

The implementation of Construction 4.0 relies on several factors and is 

impossible to rely solely on a single aspect for its success. The digital tools 

should be leveraged and spanned across various project phases, including 

planning, design, construction, and even operation and maintenance. It is 

noticed that the respondents have an awareness and willingness to adopt 

Construction 4.0 digital tools but are lagging in terms of executing them in the 
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project. The Malaysian construction players are either partially or not fully 

harnessing the potential of digital tools in construction practices, as evident in 

Section 4.6 and 4.10.1. 

It is affirmed as well in Table 4.5 where there is a weak correlation 

between the respondents’ recommendation and adoption level of digital tools. 

This result underlines that the experience with digital tools in past projects 

does not guarantee their implementation in future projects. As asserted by 

Jones, et al. (2021), past achievements, such as swiftly integrating new 

technologies into existing workflows and procedures, are insufficient to ensure 

future success. Some Construction 4.0 tools’ utilisation appears to be one-off 

rather than continuous (Akunyumu, et al., 2021). In other words, a lack of 

consistency and one-off-oriented or occasional mindset does not guarantee the 

ongoing commitment to integrating technology into industry practices.  

Interestingly, there was no statistically significant difference between 

past adoption of IoT, Robotics and Automation Systems, Big Data, CPS and 

AI, and their recommended usage for future projects, as depicted in Table 4.5. 

This further explains the leveraging of technologies by companies mainly 

relies on other determining criteria such as the resources available and 

operating perspective. This underscores decision-making’s diverse and 

context-specific nature, rather than exclusively relying on past experiences. 

Nevertheless, it cannot be denied that experiencing these technologies might 

be useful, but there are also additional considerations when adopting them in 

new projects. The inevitable aspects of the firm are the availability of 

resources, such as financial, technological, and human capital, which can have 

a substantial influence on the feasibility of using digital tools.  

It is noticed that micro and small-sized companies are increasingly 

recognising the benefits of low-cost digital tools for improving project 

management. However, their ability to fully embrace these tools is impeded by 

limitations in research capacity and resources, encompassing funding and 

operational capabilities, as indicated in Table 4.15. Despite receiving some 

government funding, medium-sized firms struggle to adopt digital tools 

extensively, whereas large-sized companies lead the way due to greater 

resources and infrastructure. Considering that SMEs constitute over 60% of 

businesses in the Malaysian construction sector (Singaram, et al., 2023), their 
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efforts to integrate digital tools into operations are constrained. Consequently, 

the overall adoption of these technologies remains limited, posing challenges 

to a seamless transition to Construction 4.0. 

The situation is aggravated in the supply chain network especially the 

parties like building material merchants, and equipment supply/ hiring/ renting 

businesses. As reported in Table 4.16, none of these groups demonstrated any 

preference or inclination towards adopting digitalised methods. Reluctance or 

hesitance is expressed among these professionals to embrace digital tools and 

technologies as part of their practices or workflows. A similar situation is also 

evident in Table 4.15 where they face more challenging barriers to embracing 

Construction 4.0 digital tools. Building material merchants, equipment 

suppliers, and subcontractors are undermined by this transition due to the 

nature of their business operations. These stakeholders still resort to the 

traditional methods, with their focus mainly on tangible goods and logistic 

transportation, leading them to have limited exposure to digital technologies. 

As a result, they are more susceptible to perceiving barriers related to research 

and connectivity. 

While Table 4.14 indicates builders acknowledge the benefits of 

digital tools, Zhao, et al. (2023) attribute this recognition to government and 

construction industry association pressure, resulting in heightened demands for 

adoption from contractors. However, builders’ practical implementation of 

these tools remains notably low. Builders with hands-on experience in 

construction sites emphasise immediate issues such as project profitability and 

client demand (Akunyumu, et al., 2021). Due to the harsh equatorial climate in 

Malaysia, it requires computing devices that can withstand high temperatures 

and humidity levels for effective use in on-site projects. However, the 

uncertainty of demand and the additional cost incurred for specialised 

requirements of these devices substantially jeopardise builders’ profitability. 

Ultimately, this may deter builders from investing in digital tools, and refuse 

to adopt Construction 4.0.  

In conclusion, the construction industry is yet to ready towards 

Construction 4.0 due to several factors discussed above from various 

perspectives. The construction industry comprises diverse professionals and 
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relying merely on the use of digital tools by certain professional groups or 

company sizes does not signify industry-wide readiness. 
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Table 4.14: Summary of Relationships Between the Benefits Incurred of Adopting Construction 4.0 Tools and the Attributes of Respondents 

Code Benefits Demographic Information Mean Rank 

CF1 Time is saved by using the digital tools in my project. - 
 

CF2 My project is completed earlier than the completion date by using digital 

tools. 

- 
 

CF3 My project is executed within budget by using digital tools. - 
 

CF4 My project becomes more cost-effective by using digital tools. Working Experience 21 years and above 101.21 

CF5 Quality standards of my project are maintained by using digital tools. - 
 

CF6 Precise design, measurement and documentation of my project are facilitated 

by using digital tools. 

Working Experience 6-10 years 92.50 

CF7 Accident and injuries are minimised by using digital tools in my project. Working Experience 6-10 years 90.35 

Position AM/ Manager/ Team 

Leader 

91.48 

CF8 My workers feel safer working with digital tools on my project. Professional Builder 90.46 

Position Directors/ Managing 

Directors/ CEO 

90.06 

CF9 Lesser resource waste is generated by using digital tools in my project. - 
 

CF10 Conflict among stakeholders is reduced by using digital tools in my project. - 
 

CF11 Communication and collaboration within my project are enhanced by using 

digital tools. 

- 
 

CF12 Time and cost predictability of my project are increased by using digital 

tools. 

- 
 

CF13 More innovative solutions are promoted by using digital tools in my project. Professional Architect 101.44 

CF14 The exploration of new aesthetic possibilities is enabled by using digital 

tools in my project. 

Professional Builder 102.20 

CF15 My project is properly managed by using digital tools. Company Size Micro (<5 people) & 

Small (5-30 people) 

100.41 

CF16 The layout and logistical planning of the site in my project are improved by 

using digital tools. 

Company Size Micro (<5 people) & 

Small (5-30 people) 

100.98 
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Table 4.15: Summary of Relationships Between the Barriers of the Construction 4.0 Tools Implementation and the Attributes of Respondents 

Code Barriers Demographic Information Mean Rank 

DB1 High Implementation Cost - 
 

DB2 Lack of Expertise and Skilled Workers Working Experience 11-20 years 89.50 

Position Director/ Managing Director/ 

CEO 

96.49 

DB3 Resistance to Change - 
 

DB4 Concerning on Data Security and Protection Issue - 
 

DB5 Lack of Regulations and Standardisation Position Director/ Managing Director/ 

CEO 

95.71 

DB6 Lack of Awareness of the Benefits of Construction 4.0 

Digital Tools 

- 
 

DB7 Lack of Research on Construction 4.0 Digital Tools Business Activities Equipment Supply/ Hiring/ 

Renting Business 

103.98 

Building Material Merchant 99.07 

Company Size Micro & Small 107.23 

DB8 Pertaining to Legal and Contractual Matters - 
 

DB9 Lack of Government Support - 
 

DB10 Fragmentated Nature of Construction Industry - 
 

DB11 Poor Connectivity Network Business Activities Building Material Merchant 108.91 

Equipment Supply/ Hiring/ 

Renting Business 

99.50 

DB12 Low Interest and Market Demand Professional Builder 101.77 

DB13 Higher Requirements for Computing Devices Professional Builder 96.66 

DB14 Lack of Knowledge Management -   
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b) Property Development and Consultant Firms Use More Digital Methods 

over than Others 

However, developers and consultants such as architects and quantity surveyors 

showed a stronger preference for digitalised methods over traditional methods, 

as reported in Table 4.16. To remain competitive and attract clients in the 

digital age, developers exhibit a preference for digitalised approaches, 

including the utilisation of digital tools of AR, VR and IoT. These 

technologies provide immersive experiences, improve project visualisation, 

enable remote collaboration, and boost marketing efforts, resulting in higher 

sales and client satisfaction (Hairuddin, et al., 2022). They also allow 

developers to digitally showcase properties, collect real-time data for better 

decision-making, and optimise construction processes for efficiency and cost-

effectiveness. Therefore, by incorporating digital tools into their business 

plans, developers may differentiate themselves in the market, create 

innovation, and satisfy the changing wants of modern customers.  

Apart from that, the construction consultants are key stakeholders in 

the built environment industry, contributing considerably to the inception and 

planning stages of building projects. These professionals favour digital 

methods since they are the experts in design, cost estimation, and quality 

assurance. Digital tools improve construction procedures, increase efficiency, 

and reduce errors in construction projects. They help in the early detection of 

clashes between building elements, allowing consultants to explore different 

alternatives to design and visualise complicated architectural concepts more 

effectively. Identifying clashes early on helps consultants avoid costly errors 

and rework during construction, resulting in significant time and resource 

savings. As a result, the designs generated are more feasible, with minimal 

discrepancies in quantity take-off.  

Despite developers and consultants showing preferences for 

digitalised methods, the overall readiness of the entire construction industry 

for Construction 4.0 remains constrained when assessed comprehensively. 

They primarily employ digital tools during the planning and design stages of 

construction projects for varying purposes, demonstrating only a surface-level 

engagement with these technologies in the early stages. Hence, the 

incorporation of digital tools in construction projects seems to be partial.   
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Table 4.16: Summary of Pearson’s Chi-Square Test Results of the Respondents’ Preference Towards Digitalised Methods  

Code Preference between Traditional and Digitalised Demographic Information 

Digitalised Method 

Frequency Percentage 

N % 

BTC1 Design or Modelling/ Measurement (Printed or CAD 

drawings / Microsoft Excel vs BIM) 

- 
  

BTC2 Data Storage (Pendrive/ Email/ Hard disk vs Cloud 

Computing) 

- 
  

BTC3 Data Generation (Analog sensors and gauges / Field notes / 

Camera vs IoT) 

Business Nature Property 

Development 

39 81.30 

  
Working 

Experience 

0-2 years 20 80.00 

BTC4 Data Collection (Microsoft Excel / Field Notes / Camera/ 

Voice Recorder vs Big Data) 

Working 

Experience 

11-20 years 29 87.90  
21 years and above 21 87.50 

BTC5 Monitoring construction activities (Microsoft Excel / Mobile 

devices / Manual Labour vs CPS) 

- 
  

BTC6 Data Analysis (Microsoft Excel / SPSS vs AI) - 
  

BTC7 Performing Construction Activities / Building, Demolition, 

Excavation, Material Handling (Heavy machine / hand tools 

vs Robotics and Automation) 

Business Nature Consultancy 33 80.50 

  
Professional Quantity Surveyor 29 82.90 

BTC8 Resources Management / Managing Materials, Equipment 

and Inventory (Barcode scanner / mobile devices vs RFID) 

-     
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Table 4.16 (Continued) 

Code Preference between Traditional and Digitalised Demographic Information 

Digitalised Method 

Frequency Percentage 

N % 

BTC9 Simulation and Visualisation (Printed or CAD drawings vs 

AR & VR) 

Business Nature Property Development 47 97.90 

  
Professional Architect 33 100.00   

Company Size Medium (31-75 

people) 

63 98.40 

BTC10 Prefabrication (Heavy machine/ Manual labour vs 3D 

printing) 

Professional Quantity Surveyor 26 74.30 

BTC11 Transaction and Contract Management (Paper-based 

documents vs Blockchain) 

-     
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4.10.4 Strategy Diversity is Important to Holistic Barrier Resolution 

To assess the effectiveness of strategies in addressing the various identified 

barriers, the Spearman correlation coefficient test was adopted. Overall, the 

results uncovered that there is a moderate to weak relations between the 

barriers and the strategies, as displayed in Table 4.13. This means that there is 

no single strategy that can solely address a specific barrier due to the barriers 

to implementing Construction 4.0 are complicated. They are impacted by a 

variety of factors, including company culture, resource restrictions, and 

technology readiness. As a result, confronting these barriers needs a holistic 

strategy that takes into account the collaboration between the various strategies 

in order to adapt to the different conditions of each organisation (Oke, et al., 

2023a). 

Among the results, there is a highest moderate relationship observed 

between the strategy of providing training and education to solve shortage of 

expertise and skilled workers issue, with a correlation coefficient of 0.472. 

Rather than possessing the perception that sending the workers to training is 

wasting time and money, the company should enhance their workforce’s skills 

and knowledge through training programs (Munianday, et al., 2023). For 

instance, one contributing factor to Singapore’s successful adoption of BIM in 

construction projects is the introduction of new training programs by the 

government, which were outlined as one of the five strategies in the second 

BIM roadmap (Jiang, et al., 2022). Likewise, Kissi, et al. (2022) found that 

offering incentives for staff training and retraining as the top strategy for 

overcoming barriers in integrating BIM as an emerging technology in 

construction. Hence, organisations who offer training and education to their 

employees are better equipped to cope with the issues caused by a skilled 

worker shortage.  

However, there is a weak negative correlation between the financial 

support from the government and lack of research on Construction 4.0 digital 

tools. This outcome is not surprising by considering the findings of Kim and 

Park (2021) who had conducted a study to disclose the government funded 

R&D collaboration and its influence on SME performance in the Korean 

construction sector. It discovered that government R&D subsidies are 

frequently perceived as “free” money by receiving companies, particularly 
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SMEs in South Korea. It implies that their involvement in joint R&D projects 

may be motivated primarily by obtaining subsidies rather than improving 

technological expertise and competitiveness, potentially indicating a failure to 

meet the government’s primary goal. 

In short, there is no one-size-fits-all solution, and multiple strategies 

are required to efficiently overcome the barriers to Construction 4.0 adoption. 

This is especially critical for micro and small-sized companies, builders and 

professionals within the supply chain network, who confront particularly tough 

obstacles. Everyone, including government, educational institutions, as well as 

stakeholders, must cooperate with the relevant authorities to address the 

barriers encountered. There should be a thorough study of the barriers before a 

proper strategy can be mapped out to channel the construction participants 

towards Construction 4.0.  

 

4.11 Summary 

This chapter summarises the data gathered from the questionnaire, covering 

respondent backgrounds, reliability analysis, their past project tool adoption, 

and recommendations for future usage, as well as their perceptions regarding 

benefits, barriers, and strategies. The data is analysed and further discussed to 

accomplish the research objectives.  
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CHAPTER 5 

 

5 CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Introduction 

This chapter includes a complete summary of the research findings that are 

aligned with the research aims and objectives. It also discusses research 

implications, reflects on limitations, and offers recommendations for future 

studies.  

 

5.2 Accomplishment of Research Objectives 

Construction 4.0, evolving from the principles of Industry 4.0, is an emerging 

concept in the construction sector. With the Malaysian government actively 

endorsing policies aimed at transitioning the construction industry towards 

Construction 4.0, it becomes vital to assess industry players’ responses to this 

transformative shift. This research delves into the readiness of construction 

players to embrace the transition to Construction 4.0, providing insight on 

their preparedness for adopting digital tools and innovative practices. 

Furthermore, the study highlights the significant benefits perceived by 

construction practitioners upon integrating Construction 4.0 digital tools into 

their projects. Moreover, it offers useful insights into the key barriers that 

undermine the widespread implementation of digital tools in construction 

projects, providing practical strategies for overcoming these barriers. Overall, 

the study successfully achieves its objectives by offering better understanding 

into the benefits, barriers and readiness associated with Construction 4.0 

adoption in the construction industry, as summarised below:  

 

5.2.1 Objective 1: To Identify the Benefits Incurred from Adopting 

Construction 4.0 Digital Tools 

This research identified 10 benefits incurred from the adoption of various 

Construction 4.0 digital tools. These benefits were derived through a review of 

existing literature and subsequently analysed in the context of this research. 

The benefits will be covered from various aspects, including “Time Savings”, 

“Cost Savings”, “Quality Improvement”, “Safety Enhancement”, “Boosting 
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Sustainability”, “Collaboration and Communication Improvement”, “Increase 

Time and Cost Predictability”, “Promote Innovation”, “Enhance Project 

Management” and “Enhance Site Design and Logistical Planning”. 

In summary, the findings concluded that the benefits incurred do not 

significantly vary across different categories of respondents. The benefits 

remain consistent regardless of the nature of the business, with no specific 

benefits catering to any particular profession. Instead, they are broadly 

applicable to all roles and positions within the construction industry. However, 

there are three groups of respondents which are builders, micro and small-

sized companies and 6 to 10 years of work experience perceive slightly 

different on the benefits incurred. Builders managing construction sites 

acknowledge that digital tools contribute to a safer work environment and 

increase their competitiveness by exploring new aesthetic possibilities. 

Moreover, micro and small-sized firms are increasingly recognising the 

benefits of digital tools for project management as they begin to adopt more 

affordable options. Simultaneously, professionals with 6 to 10 years of 

experience, who were relatively new to their careers during the COVID-19 

pandemic, appreciate the benefits of digital tools to enhance project 

productivity and ensure labour safety. Following that, there are three 

statements that possess the highest mean ranking, including “Precise design, 

measurement and documentation of my project are facilitated by using digital 

tools”, followed by “Accident and injuries are minimised by using digital tools 

in my project” and “My workers feel safer working with digital tools on my 

project”. These results highlight the most commonly recognised benefits 

gained by respondents through the implementation of Construction 4.0 digital 

tools in construction projects. 

 

5.2.2 Objective 2: To Explore the Barriers of Implementing 

Construction 4.0 Digital Tools 

This research also explored 14 barriers to implementing Construction 4.0 

digital tools. These barriers were discovered through a literature review and 

further assessed in this research. The barriers consist of “High Implementation 

Cost”, “Lack of Expertise and Skilled Workers”, “Resistance to Change”, 

“Concerning on Data Security and Protection Issues”, “Lack of Regulations 
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and Standardisation”, “Lack of Awareness of the Benefits of Construction 4.0 

Digital Tools”, “Lack of Research on Construction 4.0 Digital Tools”, 

“Pertaining to Legal and Contractual Matters”, “Lack of Government Support”, 

“Fragmented Nature of Construction Industry”, “Poor Connectivity Network”, 

“Low Interest and Market Demand”, “Higher Requirements for Computing 

Devices” and “Lack of Knowledge Management”. 

The findings revealed that the respondents working for builders, 

building material merchants and equipment supply/ hiring/ renting firms are 

more inclined to acknowledge barriers in implementing Construction 4.0 

digital tools. Builders who actively engage in construction site operations tend 

to recognise issues related to project profitability, which are connected to 

client demand and higher requirements for computing devices. Concurrently, 

building material merchants and equipment suppliers are more aligned in 

perceiving unreliable networks and limited exploration as barriers to 

implementing Construction 4.0 digital tools due to the nature of their business 

operations. In addition, it also found out that respondents at the managerial 

level, who have the authority to allocate resources and make decisions are 

concerned about the shortage of skilled labour and standardisation issues when 

applying digital tools in their organisations. Meanwhile, three barriers holding 

the highest mean ranking, including High Implementation Cost, Lack of 

Expertise and Skilled Workers and Lack of Government Support, were also 

pinpointed in this research.  

 

5.2.3 Objective 3: To Infer the Readiness of Construction 4.0 Digital 

Tools by Construction Industry Players 

In overall, the Malaysian construction industry players are not yet ready for 

Construction 4.0, as indicated by various factors identified in this study. While 

digital tools have been utilised in past projects, their future adoption appears 

uncertain. This may be attributed to the limited resources in companies, 

especially micro, small and medium-sized companies. Although these 

companies express a commitment to integrating low-cost digital tools, their 

implementation rates are insufficient for a successful transition to Construction 

4.0.  
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The situation is exacerbated among builders, building material 

merchants and equipment suppliers, who show less enthusiasm to digitalised 

methods due to more challenging barriers such as limited research, poor 

connectivity networks, low interest and market demand and higher 

requirements for computing devices to embrace Construction 4.0 digital tools. 

Meanwhile, property development and consultant firms exhibit some 

preference for digital tools, focused on specialised tasks such as visualisation 

and clash detection. However, the restricted application of digital technologies, 

particularly in certain activities or phases, indicates partial adoption rather than 

comprehensive digitalisation. 

As the construction industry operates as a complex network of 

different professionals and entities, relying exclusively on the adoption by one 

segment does not accurately represent the readiness for whole industry. 

Achieving readiness requires coordinated efforts across all industrial segments 

to fully embrace digital transformation. With some professions or companies 

left out, the whole construction industry cannot realise the achievement of 

Construction 4.0. 

 

5.3 Research Implications 

This research improves understanding of integration of digital tools in 

construction projects and helps professionals in grasping current adoption 

levels and transitioning towards Construction 4.0. It identifies effective digital 

tools, outlines their project benefits, explores adoption barriers, and proposes 

strategies for promoting the industry’s transition. Furthermore, the research 

findings also demonstrate that while construction players are aware, their 

readiness for the transition remains low.  

Firstly, this study can provide significant insights to construction 

firms and serves as an alarm for all construction practitioners in Malaysia to 

prepare for the changing landscape of Construction 4.0 in their business. By 

emphasising both the benefits and barriers associated with adopting 

Construction 4.0 digital tools, this research stresses the importance of 

assessing readiness and strategizing effectively. It underscores the necessity of 

adopting digital tools, promoting innovation, and adapting to new industry 

norms in order to stay competitive and sustainable in the face of fast 
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technological changes. Finally, this study enables construction professionals to 

proactively embrace Construction 4.0, promising their long-term survival and 

success in their careers.  

Besides that, this research can make contributions to government 

agencies responsible for regulating digital transformation toward Construction 

4.0 strategies in the construction industry. For instance, it helps CIDB and the 

Ministry of Works in creating long-term plans that ensure successful execution 

of the Construction 4.0 Strategic Plan and NCP 2023. By providing insights 

into the existing landscape and barriers of digital tools adoption, these findings 

help policymakers to develop legislative frameworks and incentives that foster 

a conducive environment for Construction 4.0. Governments can establish 

regulations that effectively address industry-specific difficulties and barriers to 

adoption through assessing the readiness of construction participants. This 

approach simplifies the development of regulations, standards, and guidelines 

that not only encourage the use of digital technology but also solve the 

particular barriers faced by stakeholders in the construction industry. 

Moreover, this research can help to raise awareness among 

institutions about the need to update their curricula and provide new short 

courses on modern technologies such as BIM, AI and so on. This is to 

guarantee that students have the information and skills needed to prosper in the 

construction industry’s ever-changing environment by emphasiing the 

necessity of training young generations for the digital age. Introducing classes 

on cutting-edge technologies exposes students to upcoming Construction 4.0 

trends, allowing them to stay ahead of the competition in the job market. 

Furthermore, by including these new concepts into their educational programs, 

universities may play a critical role in encouraging innovation and driving 

growth in the construction industry. 

 

5.4 Research Limitations 

Due to time constraints in gathering data, several groups, including building 

material merchants, equipment supply/ hiring/ renting businesses, and those 

with work experience of 0-2 years as well as 21 years and above, did not meet 

the minimum requirement of CLT. This may impact the findings of this 
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research as it is insufficient to represent the mean value for these groups, 

thereby presenting one of the limitations of this research. 

This research, conducted through quantitative approaches such as 

questionnaire surveys, faces various constraints in data collection. The 

reliability and precision of results are challenged due to the inability to verify 

respondents’ identities as well as their knowledge of Construction 4.0 and its 

digital tools. Uncertainty arises regarding whether respondents possess the 

necessary knowledge and experience to provide meaningful insights. Even if 

respondents assert familiarity with Construction 4.0 concepts, their lack of 

hands-on experience with digital tools may affect response quality and induce 

biases. These biases, which result from personal preferences or limited 

understanding, can undermine the accuracy and validity of the findings. 

Lastly, research findings based on theoretical ideas may not always 

apply well to specific situations or groups under study. The theories made may 

be based on assumptions that do not exactly reflect the real-world 

circumstances under consideration. Without the support of practical evidence, 

it is hard to draw solid conclusions, limiting how useful the research findings 

can be in real-life situations. This emphasises how crucial it is to have real-

world evidence to support theoretical assumptions. 

 

5.5 Research Recommendations 

In future research, overcoming the limitation of sample size can be achieved 

by increasing the number of respondents in underrepresented groups. This 

helps to make meaningful comparisons between groups, resulting in more 

reliable statistical analyses. Therefore, allocating more time to collect 

sufficient data from various group categories is crucial. Since quantitative 

methods depend on large samples for reliability, gathering more data boosts 

the reliability of the findings. Hence, allocating more time to data collecting is 

imperative for ensuring the validity of future study results. 

On the other hand, future research may employ a mixed research 

method. This approach integrates both quantitative and qualitative methods, 

leveraging the advantage of their respective strengths. While quantitative 

methods gather numerical data from large samples, qualitative approaches, 

such as interviews, offer the opportunity to delve deeper and obtain a more 
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detailed viewpoint directly from interviewees. By striking a balance between 

the two approaches, researchers can mitigate the limitations of each method 

and achieve a more comprehensive understanding of the research topic. This 

method improves the robustness and validity of the research findings, 

providing more in-depth insights into the topic matter. 

Moreover, researchers can better focus their efforts by narrowing 

their study scope to specific topics such as cultural and organisational 

readiness for Construction 4.0 adoption in future research. This targeted 

approach allows for a deeper exploration of key factors and dynamics within a 

certain area, leading to more accurate and insightful findings. Furthermore, a 

narrower scope enables researchers to employ more rigorous methodologies 

and analysis tools for specific topics, thereby enhancing the quality and 

reliability of the research outcomes. Finally, by performing a more focused 

and meticulous study, researchers can significantly contribute to the existing 

knowledge base on Construction 4.0 adoption, providing valuable insights for 

practitioners, policymakers, and academics in the field. 

 

5.6 Summary 

This final chapter presents an overview of the study’s background, outlines the 

achievements of the research objectives, and delves into the implications, 

limitations, and recommendations arising from this research. 
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APPENDICES 

 

Appendix A: Questionnaire 

 

ASSESSING THE READINESS OF MALAYSIAN CONSTRUCTION 

INDUSTRY TOWARDS CONSTRUCTION 4.0 

 

Dear Sir / Madam, 

I am Chia Chi Wei, a final year undergraduate student pursuing a Bachelor of 

Science (Honours) Quantity Surveying at the Department of Surveying, Lee 

Kong Chian Faculty of Engineering and Science, Universiti Tunku Abdul 

Rahman (UTAR). 

 

I am conducting a survey regarding my Final Year Project titled “Assessing 

the Readiness of Malaysian Construction Industry towards Construction 

4.0”. This research investigates the adoption of Construction 4.0 digital tools 

in the Malaysian construction industry. 

 

This questionnaire is divided into FIVE (5) sections which will take 

approximately 10 – 15 minutes to complete. Your response to this 

questionnaire will significantly contribute to achieving the research aim. All 

information provided is strictly confidential and used solely for academic 

purposes.  

 

If you have any queries, please do not hesitate to contact me at 

chiweii0101@1utar.my. 

 

Thank you for your participation and have a nice day.  

  

Regards,  

Chia Chi Wei 

Bachelor of Science (Honours) Quantity Surveying  

Universiti Tunku Abdul Rahman 
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Section A: Respondent’s Background 

1) Which of the following best describes your company’s business 

activities?  

Property Development 

Consultancy 

Contracting Business 

Building Material Merchant 

Equipment Supply/Hiring/Renting Business 

Others, please specify 

2) What is your professional? 

Architect 

Engineer 

Quantity Surveyor 

Builder 

Supplier/ Subcontractor/ Specialist 

Others, please specify 

3) Years of working experience in the construction industry. 

0-2 years 

3-5 years 

6-10 years 

11-20 years 

21 years and above 

4) What is your current position in the organisation? 

Junior Executive 

Senior Executive 

Assistant Manager/ Manager/ Team Leader 

Director/ Managing Directors/ CEO 

5) What is your company size? 

Less than 5 people 

5 – 30 people 

31 – 75 people 

More than 75 people 
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Section B: Types of Construction 4.0 Digital Tools 

6) To what extent these Construction 4.0 digital tools are implemented in your 

current / past construction project?  

(1=Never Adopt, 2=Seldom Adopt, 3=Sometimes Adopt, 4=Frequently Adopt, 

5=Always Adopt) 

    1 2 3 4 5 

1 Building Information Modelling (BIM) 
     

2 Cloud Computing 
     

3 Internet of Things (IoT) 
     

4 Big Data 
     

5 Cyber-Physical System (CPS) 
     

6 Artificial Intelligence (AI) 
     

7 Robotics and Automation Systems 
     

8 Radio Frequency Identification (RFID) 
     

9 Augmented Reality (AR) / Virtual Reality 

(VR) 

     

10 3D Printing 
     

11 Blockchain 
     

 

7) How likely you will suggest the company adopt the following Construction 

4.0 digital tools in your future projects?  

(1=Extremely Unlikely, 2=Unlikely, 3=Neutral, 4=Likely, 5=Extremely 

Likely) 

    1 2 3 4 5 

1 Building Information Modelling (BIM) 
     

2 Cloud Computing 
     

3 Internet of Things (IoT) 
     

4 Big Data 
     

5 Cyber-Physical System (CPS) 
     

6 Artificial Intelligence (AI) 
     

7 Robotics and Automation Systems 
     

8 Radio Frequency Identification (RFID) 
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9 Augmented Reality (AR) / Virtual Reality 

(VR) 

     

10 3D Printing 
     

11 Blockchain 
     

 

8) What is your preference between Traditional Method vs Construction 4.0 

tools when it comes to the following activities? 

 Traditional 

Method 

Construction 4.0 

Tools 

Design or Modelling/ Measurement 

(Printed or CAD drawings / 

Microsoft Excel vs BIM)  

  

Data Storage (Pendrive/ Email/ Hard 

disk vs Cloud Computing) 

  

Data Generation (Analog sensors 

and gauges / Field notes / Camera vs 

IoT) 

  

Data Collection (Microsoft Excel / 

Field Notes / Camera / Voice 

Recorder vs Big Data) 

  

Monitoring construction activities 

(Microsoft Excel / Mobile devices / 

Manual Labour vs CPS) 

  

Data Analysis (Microsoft Excel / 

SPSS vs AI)  

  

Performing Construction Activities / 

Building, Demolition, Excavation, 

Material Handling (Heavy machine / 

hand tools vs Robotics and 

Automation) 

  

Resources Management / Managing 

Materials, Equipment and Inventory 

(Barcode scanner / mobile devices 
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vs RFID) 

Simulation and Visualisation 

(Printed or CAD drawings vs AR & 

VR) 

  

Prefabrication (Heavy machine/ 

Manual labour vs 3D printing) 

  

Transaction and Contract 

Management (Paper-based 

documents vs Blockchain) 

  

 

Section C: Benefits of Implementing Construction 4.0 Digital Tools 

9) To what extent do you agree the benefits incurred to my construction project 

due to Construction 4.0 digital tools?  

(1=Strongly Disagree, 2=Disagree, 3=Neutral, 4=Agree, 5=Strongly Agree) 

    1 2 3 4 5 

1 Time is saved by using the digital tools in 

my project.  

     

2 My project is completed earlier than the 

completion date by using digital tools. 

     

3 My project is executed within budget by 

using digital tools. 

     

4 My project becomes more cost-effective by 

using digital tools.  

     

5 Quality standards of my project are 

maintained by using digital tools.  

     

6 Precise design, measurement and 

documentation of my project are facilitated 

by using digital tools. 

     

7 Accident and injuries are minimised by 

using digital tools in my project. 

     

8 My workers feel safer working with digital 

tools on my project. 
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9 Lesser resource waste is generated by using 

digital tools in my project. 

     

10 Conflict among stakeholders is reduced by 

using digital tools in my project. 

     

11 Communication and collaboration within my 

project are enhanced by using digital tools. 

     

12 Time and cost predictability of my project 

are increased by using digital tools. 

     

13 More innovative solutions are promoted by 

using digital tools in my project. 

     

14 The exploration of new aesthetic 

possibilities is enabled by using digital tools 

in my project.  

     

15 My project is properly managed by using 

digital tools. 

     

16 The layout and logistical planning of the site 

in my project are improved by using digital 

tools.  

     

 

Section D: Barriers of Implementing Construction 4.0 Digital Tools 

10) To what extent do you agree the following undermines the implementation 

of Construction 4.0 digital tools? 

(1=Strongly Disagree, 2=Disagree, 3=Neutral, 4=Agree, 5=Strongly Agree) 

    1 2 3 4 5 

1 High Implementation Cost 
     

2 Lack of Expertise and Skilled Workers 
     

3 Resistance to Change 
     

4 Concerning on Data Security and Protection 

Issue 

     

5 Lack of Regulations and Standardisation 
     

6 Lack of Awareness of the Benefits of 

Construction 4.0 Digital Tools 
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7 Lack of Research on Construction 4.0 Digital 

Tools  

     

8 Pertaining to Legal and Contractual Matters  
     

9 Lack of Government Support  
     

10 Fragmentated Nature of Construction 

Industry  

     

11 Poor Connectivity Network  
     

12 Low Interest and Market Demand  
     

13 Higher Requirements for Computing Devices  
     

14 Lack of Knowledge Management  
     

 

Section E: Strategies to Improve the Implementation of Construction 4.0 

Digital Tools 

11) To what extent do you agree the following fosters the implementation of 

Construction 4.0 digital tools? 

(1=Strongly Disagree, 2=Disagree, 3=Neutral, 4=Agree, 5=Strongly Agree) 

    1 2 3 4 5 

1 Financial Support from Government 
     

2 Training and Education 
     

3 Increase Awareness of Construction 
     

4 Early Technology Involvement 
     

5 Regulations and Policies by Government 
     

6 Guidelines by Professional Bodies 
     

 

 

 

 


