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ABSTRACT

The unprecedented, exponential pace of change in every industry has caused 
an undergoing change especially on collaborative platforms and transformation of 
digitalization. However, the construction industry seems to be quite slow for the 
digitization compared to other industries. Incongruent with the large-scale 
construction industry, the productivity of this industry has lagged behind. Therefore, 
the aim of this study is to assess the status and adoption of digital tools (DTs) in the 
architecture, engineering and construction (AEC) industry for Malaysia and China, 
whereby three (3) objectives has been carried out which covers the adoption level, 
challenges of DTs adoption and the impacts on adoption to develop relationship 
analysis model for DTs in this industry. Additionally, questionnaire surveys were 
distributed to developer, architects, engineers, contractors in Malaysia and China. 
Total 62 valid responses were received from respondents to be analyzed through 
Content Analysis, Principle component Analysis (PCA) and Structural Equation 
Modelling (SEM). The results obtained suggests that the status of DTs adoption in 
Malaysia and China is still at a low level compared to developed countries. The major 
challenges are managing change to new technology, lack of cyber security of digital 
tools outcomes, extra cost for training and convenience increasing profession’s 
laziness. Moreover, the benefits of communication, management have a positive 
impact on future trend of management and profit; There is positive relationship 
between people related challenges and communication benefits; Productivity benefit 
has a significant relationship on assistance related future trend. People related 
challenges does give an impact on the relationship towards the success of the 
communication benefits. In order to drive the communication benefits, its import to 
cater the management as future trend to transform the success of DTs.
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ABSTRAK

Perubahan yang mendadak dalam setiap industri telah menyebabkan berlakunya 

perubahan terutama pada platform kolaborasi dan transformasi digitalisasi. Walau 

bagaimanapun, pendedahan dan pelaksanaan pendigitan dalam industri pembinaan 

dilihat lebih perlahan berbanding dengan industri lain. Produktiviti industri pembinaan 

telah ketinggalan akibat ketidaksesuaian pendigitan dengan industri pembinaan yang 

berskala besar. Oleh itu, tujuan kajian ini adalah untuk menilai status dan adaptasi 

penggunaan alat digital (DT) dalam industri seni bina, kejuruteraan dan pembinaan 

(AEC) bagi negara Malaysia dan China. Di mana tiga (3) objektif telah dilaksanakan 

yang meliputi tahap adopsi, cabaran-cabaran adopsi DT dan kesan adopsi untuk 

mengembangkan model analisis hubungan DT dalam industri ini.. Selain itu, tinjauan 

soal selidik telah diedarkan kepada pemaju, arkitek, jurutera, kontraktor di Malaysia 

dan China. Sebanyak 62 respons telah diterima daripada responden untuk dianalisis 

melalui Analisis Kandungan, Analisis Komponen Prinsip (PCA) dan Pemodelan 

Persamaan Struktur (SEM). Hasil yang diperoleh menunjukkan bahawa status 

penggunaan DT di Malaysia dan China masih pada tahap yang rendah berbanding 

dengan negara maju. Cabaran utama adalah pengurusan perubahan teknologi baru, 

kekurangan keselamatan siber daripada hasil alat digital, kos tambahan untuk latihan 

dan kemudahan meningkatkan kemalasan profesion. Tambahan lagi, faedah 

komunikasi, pengurusan mempunyai kesan positif terhadap trend pengurusan dan 

keuntungan masa depan; Terdapat hubungan positif antara cabaran yang berkaitan 

dengan manusia dan faedah komunikasi; Manfaat produktiviti mempunyai hubungan 

yang signifikan terhadap trend masa depan yang berkaitan dengan bantuan. Cabaran 

yang berkaitan dengan manusia memberi kesan kepada hubungan ke arah kejayaan 

faedah komunikasi. Untuk mendorong faedah komunikasi, impornya untuk memenuhi 

pengurusan sebagai trend masa depan untuk mengubah kejayaan DT.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

The Architecture, Engineering and Construction (AEC) industry plays an 

essential role in most countries (Sepasgozar & Davis, 2019; Statista, 2015). According 

to the data of the National Bureau of Statistics of China in 2018, the total output of the 

construction industry is 23.5 trillion yuan, 6.9% of the total GDP. Meanwhile, source 

shows that the value of construction done of RM36.1 billion in the third quarter of 

2019, 4.7% of total GDP from Malaysia’s Official Statistics. Construction industry has 

been suffering setbacks in time, cost and quality. Especially, high cost is an inevitable 

issue in this industry (Agarwal et. al., 2016; Statista, 2019). Obviously, the high 

productivity means high return and low cost (Kasih, et. al., 2019). However, according 

to statistics by McKinsey Global Institute, 2017, the productivity of construction 

industry has actually stagnated. Thus, it is extremely urgent to consider how to 

improve the productivity of construction industry. Hashim et al. (2013) indicated that 

using digital technologies and digital tools (DTs) is an effective way for construction 

industry to save the productivity.

Productivity generally refers to the ratio of work input to output, which is the 

key issue for every industry because it is able to bring more output under the smaller 

input to get more power of benefits and competition (Sahar, 2002). The survival of 

enterprises depends on productivity. The company has been in low productivity, it may 

be eliminated by the society (Carreira & Teixeira, 2011). Only when efficiency goes
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up, the company can achieve the maximum output to maximize the benefits with the 

least investment (Nguyen, 2015). Productivity is important for AEC industry, however, 

as presented above that the productivity of this industry has not performed its potential 

(Barbosa et. al., 2017).

Digital technology has been defined by Hamelink (1997) as a process called 

Information and Communication Technologies (ICTs) that enable capturing, storage, 

processing, transportation, displaying and communication of information between 

human beings and electronic systems. With the extension and evolution of the digital 

technology, the AEC industry has also been changed in some extent. However, 

construction industry has constantly been considered as low-technology industry 

compared with other industries (Maskuriy, et. al.). Nowadays, the Industry 4.0 is 

arrived (The Working Group Industry 4.0 of the German government, 2013). As a part 

of Industry 4.0, this is an opportunity for the construction industry to keep up with the 

technological development of the times. The DTs are the essential power of the 

construction industry 4.0, which are capable to strongly push the digitalization 

(Maskuriy et. al., 2019; McKinsey Global Institute (MGI), 2017). Therefore, using 

DTs to close the construction technology gaps to promote productivity and prosper 

construction industry (Barbosa et. al., 2017).

1.2 Problem Statement

Generally, a construction project is expected to perform efficiently in 

accordance with the ideally planned design, scheduling and budget. Sufficient and 

competent labor, a satisfactory degree of digital application and a well-organized and 

sound management procedure are the foundation of this performance. However, most 

projects undergo problems, which generally suffer delay, overrun, changes and
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reconstruction to impede the excellent construction performance as expected 

(Sepasgozar, et. al., 2019).

The construction project has a long cycle and complex technology, related to 

multidisciplinary and interdisciplinary professions including architecture, engineering, 

construction, Mechanical, Electrical and Plumbing, therefore, it requires a high 

integration and collaboration within these majors (Crotty, 2013). In contrast to the 

previous, the divisions pf these professions are more detailed, but the relationship 

among the various majors becomes worse (Liu, 2018). The lack of effective 

information sharing and poor coordination between these professions resulting in 

reconstruction, delaying duration, and even serious quality problems, which is a great 

waste of resources and investment (Gong et. al., 2019). All of these led to inefficient 

performance in construction industry. Therefore, DTs are essential to AEC industry 

for rescuing the productivity.

The productivity of construction industry is a long record about actually 

inefficiently shown in Figure 1.1. Particularly in comparison to other industries, over 

the past 20 years, the annual productivity growth has only raised averaged 1% 

(McKinsey Global Institute, 2017). Farmer (2016) identified that low productivity is 

one of the key factors in the poor performance of the UK construction industry. 

Chapman et. al. (2010) also pointed out that US construction productivity is also in a 

dilemma. Singapore has also been challenged for poor productivity (E. C. Lim & Alum, 

1995). If the poor construction efficiency of the construction industry cannot be 

rescued, the bad phenomena such as delays, overruns, and low profits in the 

construction industry will become increasingly serious. As a result, it can bring great 

losses to the national economy, like a drop in GDP, a loss of foothold of construction 

industry, housing problems and even a series of social impacts caused by low 

construction productivity. Therefore, it is an urgent need to increasing adoption of DTs 

to promote productivity.
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Figure 1.1 Labor Productivity in Industries (Bock, 2015)

In addition, the participants in the construction industry are intricate, involving 

owners, architecture design units, construction units, and supervision units (Alreshidi, 

Mourshed, & Rezgui, 2018). The phenomenon of subcontracting is widespread to 

bring more difficult in integration. Figure 1.2 shows the collaborative process among 

participants in AEC compared to DTs collaborative process. In actual construction 

projects, different parts are always eager for others to undertake more work and 

responsibilities due to their own interests (Zhao, 2019), which bring trouble to the 

management of the construction industry and the smooth implementation of the work. 

By adoption of DTs can integrate all participants and improve communication.
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Traditional collaborative process DTs collaborative process

Figure 1.2 Collaborative Process vs DTs Collaborative in AEC (Carvalho et. al., 
2019).

All of the time, the AEC industry has always lagged behind other industries in 

applying new technologies and tools (Maskuriy, et. al., 2019; Livotov, et. al., 2019). It 

always has some rejection and slowness of technological innovation. This industry still 

relys on 2D drawings, even different professions draw their own plans without 

communication, which will bring a series of trouble to the subsequent work such as 

changes and rework (Eastman et. al., 2011). The benefits of DTs have been 

commendably demonstrated, but a lot of companies are still unwilling to adopt it, 

which has hindered productivity as well (Sepasgozar et. al., 2019). In terms of BIM, 

the terminology of BIM was first proposed by GA van Nederveen and FP Tolman in 

1992. However, it was not generally mentioned until 10 years later. In 2002, Autodesk 

published a paper called “Building Information Model”, then BIM began to really 

enter people’s eyes. Even today, the use of BIM is still not extensive as mentioned 

before., According to the survey of Zhiyan Consulting Group (2017), in China, the 

adopting of BIM in most construction project is still less than 10%. Researched by Al- 

Ashmori et. al. (2019) shows that the usage of BIM in Malaysia is not more than 5%.
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The McKinsey Global Institute (2017) survey pointed out that implementing 

digital tools in the whole life cycle is potential to enhance the productivity of the 

construction more than 10%. However, Sepasgozar and Davis (2018) presented that 

simply buying new technologies does not have any substantial help for construction 

productivity, and it will grow digital gaps and lose competitiveness with companies 

that focus on strategic technology investments. It is necessary to close the digital gaps 

within pioneer companies to gain the capability of competitiveness in the AEC 

industry (Ayinla and Adamu, 2018).

For these problems which are presented above, this study discusses 

superficially the capability and application of DTs in the AEC industry and the 

relationship with construction productivity to know the advantages of DTs for the 

productivity of the AEC industry in Malaysia and China. For this issue, our research 

is guided by the following question:

(a) what is the level of adopting digital tools in China and Malaysia towards 

construction industry?

(b) What is the significance of adopting digital tools?

(c) What is the factor that affects the digital tools adoption in construction industry?

(d) How digital technology improve for productivity of construction?

1.3 Aim and Objectives

As times goes by, there is a major need regarding the benefits of DTs is 

increasing. Nevertheless, there is an insurmountable gap between the application and
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energetical promotion, resulting in this industry missed a rare golden opportunity to 

boost productivity. Based on the research questions presented above, the aim of this 

study is to assess the level of digital tools adoption and application in construction 

industry for Malaysia and China, in increasing the construction productivity. Hence, 

the objectives are excogitated as follow:

(a) To identify the adoption level of digital tools in construction industry.

(b) To determine the challenges of digital tools adoption in Malaysia and China.

(c) To examine the causal relationship of digital tools adoption and challenges in

construction industry.

1.4 Scope of Study

There are plenty research papers about the benefits of DTs. However, lack of 

studies that summary of DTs contributes to productivity in reality. Most of these 

researches are skated over it. Enterprises are not able to make a sufficient judgment 

when companies expect to know even invest in DTs due to the resource is not available 

for consulting (Ibem and Laryea, 2014). The construction life cycle is long and full of 

variables. As stated above, the productivity is really important to the construction 

industry and the digital tools have a positive impact on it. Therefore, it is a chance to 

pour fresh blood—DT s to stimulate productivity.

The advantages of DTs for construction productivity are gathered through 

reviewing related literature and reliable information to compare with the data 

collection of relevant issues in this industry later. In order to evaluate the actual 

progress of digitization in AEC between Malaysia and China, and explore the
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possibility that DTs can be applied to increase construction productivity in the future. 

Table 1.1 is a number of researches related to DTs which have focused on in this paper 

and the missing gaps also be shown that the missing gap is lack of integration of these 

twelve digital tools in construction industry, so that this study is to close this gap. After 

that, a framework will be prepared to demonstrate the relationship that can be glittered 

between DTs and construction productivity.

Table 1.1 Researches Related to DTs

Title Author Related DTs
Missing

Gaps

Using advanced manufacturing 

technology for smarter construction.

Griffin et 

al., 2019.
BIM, AR

-A

systematic 

summary 

of DTs 

contributes 

to

productivit 

y in reality.

Augmented Reality Combined with 

Location-Based Management System to 

Improve the Construction Process, 

Quality Control and Information Flow.

Ratajczak et 

al., 2019
BIM, VR

Efficiency Estimation Model of 3D 

Technology in the Construction Industry.

Bataev,

2019
3D Printing

Autonomous Mobile Scanning Systems 

for the Digitization of Buildings: A 

Review.

Adan et al., 

2019.

3D

scanning

An Application Oriented Scan-to-BIM 

Framework.

Wang et al., 

2019

3D

scanning,

BIM

Application of GIS Technology in Urban 

Planning Informatization.

Zhong,

2019
GIS

Applications of multirotor drone 

technologies in construction 

management.

Li et al., 

2019.

Drone

Technology
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Title Author Related DTs
Missing

Gaps

An investigation on virtual information 

modeling acceptance based on project 

management knowledge areas.

Didehvar et 

al., 2018
BIM, VR

- lack of 

integration 

of these 

twelve 

digital 

tools in 

constructio 

n industry

Three-Dimensional Printing Using 

Recycled High-Density Polyethylene: 

Technological Challenges and Future 

Directions for Construction.

Tahmasebin 

ia et al., 

2018

3D Printing

The Use of Modern Technologies in 

Conducting Research on the 

Performance of Construction Workers.

Malara,

2018

Drone

Technology

(UAV)

Trends and Opportunities of BIM-GIS 

Integration in the Architecture, 

Engineering and Construction Industry: 

A Review from a Spatio-Temporal 

Statistical Perspective.

Song et al., 

2017
BIM, GIS

3D printing trends in building and 

construction industry: a review.

Tay et al., 

2017.
3D printing

Roles, Benefits, and Challenges of Using 

UAVs for Indoor Smart Construction 

Applications.

(McCabe, et 

al., 2017)
UAV, BIM

Life cycle performance of modular 

buildings: A critical review.

(Kamali & 

Hewage, 

2016)

Prefabricati

on

Big data architecture for construction 

waste analytics (CWA): A conceptual 

framework.

(Bilal et al., 

2016)
Big data
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Title Author Related DTs
Missing

Gaps

Enhanced Autocorrelation-Based 

Algorithms for Filtering Airborne Lidar 

Data over Urban Areas.

Shirowzhan 

et. al., 2015
3D Printing

- a

relationship 

analysis 

model for 

digital 

tools 

adoption in 

constructio 

n industry

Construction automation with 

autonomous mobile robots: A review

(Ardiny, 

Witwicki, & 

Mondada, 

2015)

Autonomou

s

construction

Cloud computing to enhance 

collaboration, coordination and 

communication in the construction 

industry

(Amarnath 

et al., 2011)
Cloud, BIM

Mixed Reality-based visualization 

interfaces for architecture, engineering, 

and construction industry

Dunston & 

Wang, 2005
MR
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1.5 Research Methodology

Table1.2 Flow Chart of Research Methodology
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1.6 Significance of the Study

The bell of industry 4.0 is already rang and the pace of digitization cannot be 

stopped. More and more fields are beginning to develop the innovative way based on 

multidisciplinary data sharing, which can promote each other. Certainly, the AEC 

industry should not be left behind. Particularly, with the demand of high efficiency 

and quality for the consumers, it is inevitable for construction to upgrade the digital 

process that can produce the construction products within high productivity and quality.

The DTs, which have some advantageous characteristics such as information 

sharing, interoperability, combination reality with virtuality and so on to create the 

interconnection and cooperation of different construction jobs. It is able to bring more 

possibilities to the AEC industry. Perhaps we can boldly imagine that the future 

buildings are based on the data and information given, and a large mansion will be 

built up overnight by intelligently production and construction.

Sustainability is another global strategy. Rational use of digital tools can make 

the construction industry also closely follow the strategy of sustainable development. 

Conservation of resources and cost, safe and efficient output, which allow to bring 

more vitality to this industry. Malaysia and China should seize this opportunity to 

establish their status of digitization.

The study aims to understand the digitalization of the construction industry in 

Malaysia and China. Besides, the use of different digital tools in the actual construction 

projects to stimulate productivity, hereby contribute to efficient, high-quality, high- 

security construction products to enhance profitability ultimately.
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