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The trend of digitization, automation and the increased use of Information and Communications
Technology (ICT) have been envisioned as the main concept of the Industrial Revolution (IR) 4.0.
Comparing the progressions between multiple industries, the construction industry is reluctant in incor-
porating these innovative technologies into its common practices despite the drastic developments
demonstrated by the other industries. Numerous challenges exist from multiple aspects which prevent
the engagement of IR 4.0 within the construction industry. A comprehensive review is conducted to iden-
tify the main problems which delay the implementation of IR 4.0 related technologies within the con-
struction industry and opportunities attained in the long run. Then a questionnaire survey was
conducted where the collected data was analyzed. This study shows that the critical factor affecting
the successful implementation is the social and technical factors. However, all the contributing factors
established a significant influence on the successful implementation despite the identified critical factor.
� 2019 The Authors. Published by Elsevier B.V. on behalf of Faculty of Engineering, Ain Shams University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
1. Introduction

Ever since the industrialization era began in the 1700s, each
industrial revolution carried its own significant role in the
advancement of today’s development. In 1700s, mechanical looms
were first introduced which were driven by the power of water and
steam on mechanical equipment and replaced the agricultural sec-
tors, further enhancing the economic structure. The Second Indus-
trial Revolution occurred in 1870s, where electrical energy was
introduced which formed a major system known as mass produc-
tion. These revolutions relied on the number of human capabilities
to achieve more.

During the 1970s, the Third Industrial Revolution occurred with
the rise of electronics. The innovation of technology from analogue
electronic and mechanical devices to today’s digital technology
available is referred to as Digital Revolution. Today, the Fourth
Industrial Revolution (IR 4.0) is built upon the Digital Revolution
where technology and people are connected. The technological
breakthrough has found new ways of demonstrating its abilities
by blurring the lines between the physical, digital and biological
entities [1]. The revolution not only presents modern techniques
supporting every component within industry but sustainability
[2], where renewable energy and energy efficiency are two central
components [3]. Renewable energy still contributes 19.2% in con-
sumption [4] where energy efficiency is influenced by technological
innovations in the industry [5,6] though the implementation is dif-
ficult [7]. The IR 4.0 aims for a viable and sustainablemanufacturing
system [8] and have the higher level of the complexity for integrat-
ing the production and products processes [9], where it become
part of the sustainable system [10]. All the three dimensions of sus-
tainability; social, economic and environmental, values in the cre-
ation of sustainable industry by using industry 4.0 [11] and
utilized for long term competitiveness [12]. It is important to have
consideration on tactical, operational and strategic dimensions as
well for short and long term impact towards sustainability [13].

By focusing on the areas of specialization, the progression has
altered manufacturing processes thus, forging constructive eco-
nomic prospects. Originating from Germany, the government sup-
ports this futuristic idea by endorsing the automation of industrial
processes [14]. IR 4.0 has been established as a term for the indus-
trial developmental process made up of automation and data
exchange and was first introduced to public as ‘‘Industries 4.0”
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with the aim to drive the implementation of IR 4.0 within the Ger-
man manufacturing industries [15,16]. This Working Group was
formed by multiple representatives from different backgrounds.
The IR 4.0 workgroup developed a strategic application work plan
to increase the German industrial competition globally which led
to the adoption of the German federal government into its 2020
High-Tech Strategy [17].

The trend of digitization, automation and the widen use of Infor-
mation and Communications Technology (ICT) in the industry con-
tain technologies of cyber-physical systems, Internet of Things
(IoT), cloud computing and cognitive computing, described as IR 4.0.

The concept of IR 4.0 is to digitize industrial processes to
accomplish an adaptive yet extensive production and service net-
work [18,19]. Like manufacturing industry, construction industry
performance can be enhanced through IR 4.0 [20]. The implemen-
tation of IR 4.0 renders an area where every mechanized automa-
tion will be interconnected through technological advancements to
operate and share information without the need of humans which
will improve the efficiency. The industry develops a concept called
— smart factory, where cloud computing and cognitive computing
stores data and make decisions. The IoT however, comes functional
with cyber-physical systems, allows humans to monitor the pro-
cesses in real time without physical presence and proven the capa-
bilities of vision of IR 4.0 manifest [19,21].

The benefits are clear through its implementation as it improves
the product quality while it decreases time-to-market and enhanc-
ing operation performances. However, the construction industry
hesitant in implementing these concepts despite the countless
benefits offered by the other industries. Even in the complex con-
struction environment reluctance of implementing IR 4.0 was
shown within the construction industry [22]. Where the entire
construction value chain involves multiple fragmented counter-
parts from all levels with a diverse background to cater the specific
needs and uniqueness of each project. This phenomenon has
increased the difficulty of execution and further limits the ability
for small and medium-sized enterprises (SMEs) to invest in new
technologies [23].

Regardless of the challenges faced, the construction industry
should improvise and adapt the ever-changing global economy.
According to Marr [17], the advancement not only connect devel-
opments around the world which will recreate an existing environ-
ment but also carrying the ability to reverse the impacts caused by
previous industrial revolutions.

The construction industry still struggling to adopt IR 4.0 con-
cepts despite the clear benefits it offers. There are a few complica-
tions within the construction industry which contributes to
incompatibility. According to Oesterreich and Teuteberg [23], the
problem includes complexity, uncertainty, fragmented supply
chain, short-term thinking, and culture. The construction projects
are complex due to the involvements of many stakeholders in pro-
ject which is unique. The level of uncertainty of a project is also
deemed through its unpredictable environment adding complica-
tions to the project. The fragmented supply chain and short-term
thinking of construction companies have limited the capabilities
where the short-term nature of construction projects is an obstruc-
tion to innovation. Where the culture of the construction industry
is known for its reluctant practices in adaptation [24].

The aim of this study is to identify the challenges of implement-
ing innovative technology within the construction industry and the
opportunities offered in the long run while correlating the main
factors which influence the successful implementation of IR 4.0
within the construction industry. By understanding the current
practices and perspectives of the construction industry, the solu-
tion formed to tackle these challenges will be significant.

Hermann et al. [25] visualized the IR 4.0 as a ‘‘smart factory”
where Cyber-Physical Systems does not only monitor processes
but also make decentralized decisions through a virtual copy of
the physical integrated smart factories in the real world. Cyber-
Physical Systems allows the collaboration of assigned parties
throughout the value chain to connect and function, both human
and machines instantaneously through IoT.
2. Materials and methods

2.1. DMAIC work plan

The study was conducted by applying principles of Six Sigma
Quality Initiative method, DMAIC. DMAIC (Define, Measure, Ana-
lyze, Improve, and Control) is a data-driven development process
to enhance companies’ strategic business plan to utilize as devel-
opment framework for improvements, not limited to Six Sigma
only. Conditions of each phase are defined and reviewed repeat-
edly before proceeding to the next phase where the best results
obtained through this methodology when the application process
is flexible to satisfy the demands by eliminating unnecessary pro-
cedures even though the framework is deemed rigid.

To obtain optimal results, each phase within the DMAIC process
carries different roles, mentioned as the following:

1. Define by explaining IR 4.0 within the Construction Industry.
2. Measure the position of respondents within the company, the

number of people who have experienced IR 4.0 personally, what
IR 4.0 technology have they used and how long have they been
exposed to these technologies.

3. Analyze the experience with IR 4.0 technologies, what are the
challenges and opportunities offered, what are the factors
which influence the implementing of IR 4.0.

4. Improve by suggesting alternatives and recommendations in
this study.

5. Control developed a process on what should be emphasized.

2.2. Data analysis

The Statistical Package for Social Science (SPSS) was used to
analyze the gathered data for reliability and validity and MS Excel
for Average Index (AI) and Relative Importance Index (RII) [26].
2.3. Average Index (AI)

The AI method is used to evaluate the influencing factors and
identifying the most critical factor in IR 4.0 having higher impact
on the construction industry [27].

The AI equation is as follows:

Average Index AIð Þ ¼
PðW � nÞ

N
ð1Þ

where W: scale weightage from 1 to 5, given to each factor by
respondents; n: frequency of respondents, N: total number of
respondents.

The classifications of the rating scales are:

1 = Strongly Disagree (1.0 � Average Index < 1.5), 2 = Disagree
(1.5 � Average Index < 2.5)
3 = Neutral (2.5 � Average Index < 3.5), 4 = Agree (3.5 � Aver-
age Index < 4.5), 5 = Strongly Agree (4.5 � Average Index � 5.0)

2.4. Relative Importance Index (RII)

Kometa et al. [28] used the RII method to determine the impor-
tance of the various factors towards the cause. The RII value has a
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range of 0 to 1 where the highest value indicates the criticalness.
The equation is as follows:

Relative Importance Index RIIð Þ ¼
P

W
A� N

ð2Þ

where W: scale weightage from 1 to 5, given to each factor by
respondents, A: highest weightage given, N: total number of
respondents.

2.5. Reliability test

To check the consistency of the gathered data Cronbach’s Alpha
coefficient is utilized where the coefficient value ranges from 0.00
to 1.00, where 1.00 indicates the higher internal consistency. The
measurement process is reliable if the obtained coefficient value
is greater than 0.6 [29].

2.6. Validity test

Lester et al. [30] analyzed that the value obtained by the square
root of reliability provides an upper bound for its correlation where
the reliability of 0.65 can never correlate greater than another reli-
ability of 0.81. The equation for the validity test is as follows:

S ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Reliability

p
ð3Þ

where S = validity

3. Results and discussions

The main factors which influence the successful implementa-
tion of IR 4.0 within the construction industry have been identified
and correlated with the analyzed data. The survey questionnaires
were distributed to multiple construction companies to obtain
the perspective of the professionals within the construction indus-
try. The questionnaires were distributed through emails and hard
copy, resulted in 100 valid responses out of 160 and were statisti-
cally evaluated. Table 1 presents the profile of the respondents.

From the Table 1, 53% respondents are unaware of the imple-
mentation of IR 4.0 technology within the construction industry
while 34% have been exposed in some part of their working expe-
rience. However, only 13% of the remaining respondents are
Table 1
Respondents’ profile.

S. No. Variable Category

1 Exposure to IR 4.0 Technology Yes
No
Maybe

2 Age Group 20–29
30–39
40–49
>50

3 Years of Experience <5 years
5–10 year
11–15 yea
>15 years

4 Position in the Company Project D
Design En
Project Si
Quantity
Others

5 Company Profile Develope
Consultan
Contracto
Client
Others
unsure with the technology used are listed as the technology
related to IR 4.0. The distribution of respondent’s position within
their respective companies. 32% of the respondents held manage-
rial positions, 33% of them are engineers and 6% of quantity survey-
ors. The remaining 29% of the respondents consist of people
working as other position such as Research & Development Person-
nel, Project Delivery Partner, Steel Manufacturer, Authority, etc.
This supports the distribution of work group where major part of
the response falls under the expert category. The distribution of
companies’ profile includes 41% of the respondents work as con-
tractors while 15% of the respondents work as developers and
11% as clients. Consultants up to 13% and remaining 20% had other
profiles such as the Government Agency, Service Providers, Opera-
tors, etc. The data collection has covered the essential sectors
within the construction industry with a minimum of 10% of the
identified sectors. The list of technology related to IR 4.0 was
obtained by a study conducted by Oesterreich and Teuteberg [23]
as discussed in Table 2.

The list of technology related to IR 4.0 in a continuous section
when provided to the 13% of the respondents who chose ‘maybe’
responded positively, affirmed to have been exposed to IR 4.0
related technologies in the construction industry before. After the
change in perspective, 47% of the respondents in the construction
industry were familiar with the technologies related to IR 4.0
rather than 34% previously [31].

The Measuring process of the DMAIC structure were verified by
identifying the IR 4.0 related technologies and concepts. 47% of the
respondents were exposed to IR 4.0 related technologies. The most
common technologies utilized are Social Media and Building Infor-
mation Modelling (BIM) as shown in Fig. 1. The middle range (40–
60%) of the combined technologies were Modularization/Prefabrica
tion, Internet of Things (IoT)/Internet of Services (IoS), Digitization,
and Automation. Given the list of technologies, the data concludes
that all the Industry 4.0 related technologies have been imple-
mented and utilized. An extra technology was also identified by
a respondent which is Building Management Systems (BMS) [32].
Despite the uneven range, this has proved the statement where
these innovative technologies have achieved a certain level of
maturity within the construction industry.

Questions were designed to complement the seven factors
which influence the implementation of Industry 4.0. Respondents
Frequency Percentage (%)

34 34
13 13
53 53

23 23
19 19
26 26
32 32

24 24
s 8 8
rs 15 15

53 53

irector/Manager 32 32
gineer 9 9
te Engineer 24 24
Surveyor 6 6

29 29

r 15 15
t 13 13
r 41 41

11 11
20 20



Table 2
List of technologies.

Cluster Key technologies in the context of IR 4.0

Smart Factory Cyber-Physical, systems/Embedded systems
Internet of Things/Services
Automation
Modularization/Prefabrication
Additive Manufacturing
Product-Lifecycle-Management
Robotics
Human-Computer Interaction

Simulation and Modelling Simulation Tools/Simulation Models
Building Information Modelling
Augmented Reality (AR)/Virtual Reality (VR)

Digitization and Vitualization Cloud Computing
Big Data
Mobile Computing
Social Media
Digitization

16

29

22

29

12

11

8

9

26

37

11

16

16

13

39

26

1
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Fig. 1. Industry 4.0 related technologies & concepts.

Fig. 3. Relative importance index.

Table 3
Challenges of IR 4.0.

No. Factor Details Explanation

1 Political (P) Governance Companies within the
construction support industry are
mostly made up of SMEs, which
restricts their ability to invest in
technologies which provides with
unclear benefits. The construction
companies would have to rely on
governing bodies and authorities
to provide support towards these
implementations through funding
programs and also collaborative
partnership

2 Economical (E) Financial
transparency

The implementation of innovative
technology is costly. Further
worsened by the uncertainty of a
return of investment. Other hidden
costs such as training and
equipment maintenance would
also add up to the list making it
harder to implement

3 Social (S) Cultural habits The adoption would have a
widespread effect throughout the
construction processes involving
multiple parties

4 Technological
(T)

Technical
challenges

Standards and processes would
have to be redefined and enhanced
to suit the construction
environment. Equipment utilized
elsewhere would have to be robust
and the need for enhanced skills to
operate these innovative
technologies would increase the
challenges in implementing it to
normal daily practices

5 Environmental
(E)

Organizational
processes

Changes within organizational
processes (horizontal, vertical and
end-to-end) would somehow
distort common execution
processes. Common practices
would now require to be
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were prompt to rate their viewpoints towards the given questions
within a scale of 1–5 where 1 = Strongly Disagree, 2 = Disagree,
3 = Neither Agree or Disagree, 4 = Agree and 5 = Strongly Agree.
Fig. 2 shows the criticalness of the factors where Social comes as
the most influential, Economical and Technological factors fall as
second and third while Political as the least argued factor. The mar-
gin differences between the two Economical and Technological fac-
tors are very small. The AI and RII values for Economical and
Technological factors are 4 (AI), 0.8 (RII) and 3.98 (AI), 0.796 (RII)
as shown in Figs. 2 and 3.

The value of Reliability and Validity Test obtained from SPSS
and the gathered data is valid The Cronbach’s Alpha has a value
Fig. 2. Average index.
of 0.74, which means that the internal consistency is good. Where
the validity test value of 86% shows that the findings of the survey
conducted are reliable.
redesigned to successfully adapt to
the new changes and enhance
growth

6 Legal (L) Uncertain
regulatory

Unclear separation of
responsibilities withheld by each
stakeholders and legal concerns
through shortcomings adds up to
the complexity

7 Security (S) Threat risk Information and data exchange
would be prone to threats and
placed under risky situations
raising multiple IT security
concerns relating to data privacy
and data protection
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4. Discussion

This section discusses the results of the findings obtained from
the literature review and data survey. Oesterreich and Teuteberg
[23] recommended that future research should explore the critical
factors affecting the successful implementation of Industry 4.0
within the construction industry. This research would satisfy the
research gap by fulfilling the objectives [33].

The PESTEL framework was derived from the PEST analysis to
conduct market research to have an outlook on the different
macro-environmental factors required to be considered. After
reviewing literature from other various sources, this research sug-
gests that security issues remain as a large contributing factor
which should be considered. Security issues exist in most of the
factors within PESTEL. For example, the technological factor con-
sists of IT security issues where risk of data misuse and leaked
information would pose a threat to construction companies. The
legal factor however consists security issues relating to privacy
and data protection. This redundancy could be removed to ensure
that the factors refer towards only a specific subject. Therefore, the
PESTEL framework should include security as another factor to be
Table 4
Opportunities of IR 4.0.

No Factor Details Explanation

1 Political (P) Global
competitiveness

Local construction companies
can enhance their
competitiveness on a global
scale with the most cutting-
edge technologies to deliver
upmost product quality and
results

2 Economical (E) Product
demand and
supply

Innovative technologies and
concepts decrease both
construction and product
delivery time. The technologies
would also reduce costs such
as labour and material cost

3 Social (S) Image
enhancement

The digital revolution of the
industry would promote a
more innovative working
environment rather than the
conventional conditions while
improving partner
collaborations and also
customer relationships

4 Technological (T) Reliable
productivity

The enhanced system would
ensure little to no errors,
increasing quality assurance.
Reliable decisions could be
made to achieve more effective
results through sufficient
information

5 Environmental (E) Promotes
sustainability

Multiple methods could be
executed by using these
technologies to reduce energy
consumptions. The level of
waste produced could also be
controlled preventing
pollution to the environment

6 Legal (L) Established
framework

A great widespread of this
implementation would force
the system to have an
established regulatory
reducing the uncertainties

7 Security (S) Safety
enhancement

Industry 4.0 was believed to
enhance safety as different
approaches could be done to
execute a single project and
the technology enables
workers to undergo trainings
or eliminate risks
considered, making it PESTELS: Political (P), Economical (E), Social
(S), Technological (T), Environmental (E), Legal (L), and Security (S).

Based on the findings obtained through literature review, the
summary of the compiled challenges and opportunities of imple-
menting IR 4.0 in the construction industry is demonstrated within
Tables 3 and4. The factorswere ranked through theAI andRII values
and illustrated through a radar chart. The Social (S) factor was pro-
ven to be the critical factor which has the greatest influence while
the Political (P) factor has the least influence among all the given fac-
tors. Both Economical (E) and Technological (T) had close AI and RII
values, retaining as one of the highest influencing factors. Security
(S) was ranked fourth, followed by Legal (L) as the fifth and Environ-
mental as the sixth. Both AI and RII heptagonal structure does not
substantially deviates the results, shown each factor’s impact on
successful implementation of Industry 4.0, as the value difference
for both indexes falls below 25%. This shows that all the factors con-
tribute greatly towards the successful implementation.
5. Conclusion

Industry 4.0 has already been in the construction industry for
quite a while and the technologies are on different levels of matu-
rity. Technologies such as BIM, Cloud Computing, and Modulariza-
tion have developed significantly while other technologies such as
Augmented, Virtual and Mixed Reality are still being enhanced and
somehow influence the sustainability in the industry. The imple-
mentation of IR 4.0 within the Construction Industry is still lacking
tremendously despite having accessibility of these technologies.
There are IR 4.0 practices which have been implemented within
the Construction Industry and the processes have demonstrated
significant impacts throughout multiple platforms. Nonetheless,
the challenges transpired must be addressed by all involved parties
to ensure a successful implementation. The Social factor has been
identified as the critical factor which has the greatest influence
towards the successful implementation, but the other contributing
factors indicate that these factors are related to one another and
should be addressed simultaneously. The implementation of IR
4.0 within the Construction Industry would drive the industry’s
performance to match with their industry counterparts such as
the manufacturing and automotive industry.
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