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ABSTRACT: Generally, organisations in construction industry achieve success and maintain stability of
operations by accomplishing goals of multiple projects. This is usually done by applying, and with the help
of, project management. However, the dynamic business environment and consequent increased project
complexities (i.e., the ‘changes’) often create issues that directly influence the project performance, and
eventually influence the organisational performance. In order to adapt to those evolving changes, it is
important to continuously identify suitable strategy. This is likely to be achievable by applying the principles
of strategic management. Currently, the emergence of Industry 4.0 is creating ‘changes’ in the business
environment, which is posing a challenge of developing a suitable strategy for adopting Industry 4.0. This
was planned to overcome by identifying the critical success factors, and their respective success factors, of
project management, strategic management and Industry 4.0; and then developing a framework for adopting
Industry 4.0 in construction industry. Structured literature review was considered as the research
methodology for initial extraction of the factors, which created another challenge of bringing the three
concepts under one umbrella, since their focus areas are apparently different. This was also overcome by
considering the application of all three areas in terms of applying and delivering projects in construction
industry. The results show that the three identified sets of critical success factors have a number of common
focus areas for implementing Industry 4.0 in construction, namely management, strategy, organisation,
environment, innovation, project related issues and human/social issues. The issues under these collated
common focus areas need to be suitably addressed for delivering construction projects with the help of
technological blessings offered under Industry 4.0, in order to achieve project objectives that is set under an
organisational strategy, and thereby achieving organisational goals. However, a country- or region-specific
adjustment to the generic issues is necessary to incorporate and prioritise any local concerns. Therefore, the
next step will be to refine and validate the identified factors/issues, conceptualising a framework for their
combined application.

Keywords: Strategic management; project management; Industry 4.0, construction industry, critical success factors.

Abbreviations: SM, strategic management; PM, project management; IR4.0, industry 4.0/ industrial revolution 4.0;
CSF, critical success factor; SF, success factor; QS, quantity surveyor; E&M, electrical and mechanical.

I. INTRODUCTION

Achieving organisational successes is one of the major
concerns in construction industry [1]. It is measured
differently in different organisations (i.e. by considering
organisational growth or employee satisfaction) [2]. The
key to determine organisational success is its ability to
achieve goals [3]. However, it is often obstructed by
complexities that arise from the dynamic business
environment comprising natural environment (e.g.
climate changes, natural disasters, and act of God) and
external environment (e.g. economic, legal, and

the external environment in construction industry [7].
The need for construction industry to continuously
improve itself in order to cope with changes in such
dynamic business environment and ensure stability of
operation is crucial. Thus, this paper focuses on
modernising construction industry and updating
business entity of construction organisation, which is the
key for its eventual survival.

In general, the extents to which organisational
successes are achieved vary as organisations practice
different operational approaches and have variety of
experiences and skills [1, 8]. In construction industry,

technological issues). In addition, construction projects
are also dynamic as project nature, project participants
and project requirements and goals (i.e. time, cost, and
quality) are different for every project [4-5]. Although
project successes are observed, the complexities
increase with time, such as global warming, which
eventually contributes to changes to natural
environment [6], and the current emergence of Industry
4.0 that is already changing the technological factor of
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organisational success is mainly determined on the
basis of performance at project level [9]. This is because
construction industry is a project-based industry, where
the project refers to new buildings, infrastructures, and
refurbishments or extensions of existing buildings, as
well as other construction works. Compared to other
industries, such as manufacturing and education, the
project level is more prioritised than corporate level.
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Therefore, it aims to achieve project successes, i.e.
completing goals of multiple projects, to maintain
stability and eventually achieving organisational goals.
This is done generally through the execution of project
management (PM) [4, 10]. Construction industry
frequently considers the advantage of PM that unifies
the various functions of participants and resources of
projects within uncertain and complex environments of
projects and organisations [11]. With this, the execution
of PM has enabled the industry to accomplish project
goals. PM is responsible to plan, control and schedule
all stages of a project, as well as ensuring involvement
of the project participants [12-13]. However, project
performances in construction industry are time-
dependent [9]. Thus, the changing business
environment directly influences the performances of
organisations. The changes create issues at corporate
level, such as administrative and strategic issues. For
example, the current emergence of Industry 4.0 (IR4.0)
pushes organisations to apply advancements of digital
technologies, where administrative issues arise relating
to technology adaptation, and strategic issues too arise
relating to achieving organisational goals, as the
technology is adopted. Traditionally, focusing on
executing PM at project level is likely to satisfy goals at
corporate level, as achieving goals of multiple projects
eventually attains organisational goals. So, when the
changes occur over time, corporate level should also
overcome and adapt to the changing business
environment, on which PM is dependent. Since the
application of PM is limited to project level,
organisations need a management approach at
corporate level that can adjust the organisations with
changes occurring in the business environment.
Strategic management (SM) is likely to be the
management approach that can overcome such issues.
SM allows organisations to continuously study and
analyse the dynamic business environment to determine
the business strategy, based on which PM can be
applied in executing the business strategy. For example,
SM may help in assessing and adopting issues and
relevant policies regarding sustainability, ICT, IR4.0,
among others, which are beyond the scope of PM, as it
mainly focuses on project execution. Although SM may
appear as generic in construction industry, its strength
lies in the fact that SM leads organisation to change
strategy  successfully, as changes in business
environment occurs. In particular, PM focuses on
delivering and meeting project goals, whereas SM
focuses on the organisational goals. Both are important
for organisational success, especially when changes
occur either in the business environment, such as the
current emergence of IR4.0 and its adoption in
construction industry.

IR4.0 was initially introduced to transform manufacturing
industry  positively through the use of digital
technologies [14]. Observing the satisfying outcome of
manufacturing industry through the implementation of
IR4.0, construction industry is urged to adopt IR4.0 and
transform into a modernised industry [15]. Organisations
in construction industry have maintained stability by
executing PM for project success. Nowadays, the
integration of technological tools in construction is
beneficial, despite its minimal use. The common
programmes used are the Building Information
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Modelling (BIM) and Lean Construction [15]. The use of
both the tools is argued to be useful in minimising
fragmentation, improving efficiency and lowering the
high costs of interoperability in construction industry
[16]. Use of other IR4.0 drivers, such as cloud-based
manufacturing and internet of things, may also minimise
cost overruns, accomplishing project requirements, and
enabling improvements in collaboration [17-18]. With
IR4.0, the traditional operating practice and procedures
change toward improvements, this is beneficial in efforts
to modernising construction industry [19]. However,
considering construction industry being a project-based
industry, PM needs to be maintained for project
success. As such, the modernisation of construction
industry will potentially be achieved by merging SM and
PM together, as construction industry adopts IR4.0.
Evidently, there is an urgent need for further study to
assess and/or compare exactly which specific critical
aspects or factors of PM and SM affects organisational
success in construction industry.

On the basis of the foregoing conceptualisation, a study
was undertaken targeting adoption of IR4.0 in
construction industry, by identifying and examining the
critical success factors (CSFs) of SM and PM for
organisational success, comparing these two sets of
CSFs with that of IR4.0, and to developing a framework
that unifies SM and PM for the adoption of IR4.0 in
construction industry. Overall methodology involves
literature review, questionnaire survey, and interviews of
local industry experts, with necessary adjustments
during the course of the study as seem suitable. As the
beginning of the overall study, this paper reports the
outcome of the structured review of literature that is
focused on extracting the three sets of CSFs. The
outcomes are expected to contribute to form parts of the
questionnaire survey, and to develop the framework.
The following section briefly discusses the concept and
suitability of CSFs in pursuing this research, before
outlining the methodological approach adopted for this
paper, and extraction of the three sets of CSFs.

Il. CRITICAL SUCCESS FACTORS

Critical success factors (CSFs) are a few key areas that
enable success to organisations, through using precise
and most relevant information [20]. Managers, as the
key persons to organisations, need to ensure
continuous provision of information and then apply it
efficiently and effectively for the benefit of the
organisations. However, earlier study by Rockart
highlighted that the managers struggle to examine the
broad spectrum of information, to determine the
preciseness and effectiveness of information for a
solution [21]. Thus, the concept of CSFs was developed
as a method that determined critical information for the
managers [22]. The CSF method was developed in such
a way that it can be applied for any organisations [21].
The method ensures that the information is customised
based on the structure of the industry, the organisation’s
business entity, the business environmental factors and
the internal organisational factors. This shows that the
method specifically considers the factors that are
affecting projects. Based on this, present study finds the
CSF method very useful for the purpose of enabling
construction industry to adopt IR4.0.
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CSFs generally consists a list of factors that particularly
affect a project, which is subjected to evaluation by
managers [23]. This means that, one list of CSFs is
especially for one type of project only, i.e., the list is
more likely to vary as changes in ‘environment’ occur.
This is very crucial in construction industry, since
construction industry operates in a dynamic business
environment, and every construction project is unique to
some extent. For example, the current emergence of
IR4.0 brings about technological advancements that
make the project goals more demanding and different
than before (i.e., shorter time, higher quality and lower
cost). Thus, implementing IR4.0 in construction will itself
require identifying a set of CSFs. Moreover,
organisational goals are determined by the type of
project to be undertaken. This requires determining the
strategy, which is decided by the key persons (i.e. the
managers) of the organisation. As suggested, SM
enables organisations to adapt to changes. However,
the essential information needed for managers to utilise
SM is limited due to the minimal utilisation of SM in
construction industry. This too can be overcome by
determining the CSFs of SM, in terms of its application
in construction. Therefore, with respect to achieving
goals at corporate and project levels, the current study
aims to bring the 3 aspects (PM, SM and IR4.0) in one
stream as a way to uptake the current emergence of
IR4.0.

lll. METHODOLOGY

This paper is based on structured review of literature,
which focuses on identifying the three sets of CSFs,
namely for PM, SM and IR4.0 in construction. The initial
process was to search for basic knowledge of the
relevant aspects of the review, i.e. on CSF in general.
The first step was to search for relevant information
among the broad collection of documents in three
different research databases, namely the Science
Direct, Emerald Insight and Taylor and Francis. Eight
different keywords were used for the search: SM, PM,
IR4.0, CSF of SM, CSF of PM, factors affecting IR4.0,
construction industry and implementation of IR4.0. The
criterion for search was by ‘relevance’. Table 1 shows
the produced search results for each keyword, revealing
a very high number of publications. Due to the high
number of publications, the next step of elimination or
screening process was applied. First round of screening
was to use all keywords together in one search, which
eliminated the number of publications significantly,
leaving still a high number of publications (1,483 + 282
+ 324 = 2,089).

Table 1: Number of publications from search result.

Science | Emerald | Taylor and

Direct Insight Francis
Keywords/Sites
SM 252,829 | 123,991 807,905
PM 770,178 | 142,462 760,906
IR4.0 215,887 | 102,553 61,284
CSFsSM 69,348 53,621 219,225
CSFsPM 128,852 | 51,444 188,865
CSFs IR4.0 16,533 34,172 8,033
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Construction 406,626 61,190 477,313
industry
Implementation | 63,554 41,842 19,458
of IR4.0
All keywords in 1483 282 324
one search
After elimination 116
process

Further screening steps applied were: (i) eliminating
publications of same title; and (i) examining the
abstracts of the publications to ensure that the papers
mainly deal with the 3 aspects (i.e. PM, SM and I1R4.0)
of the review. The last step applied was to ensure that
the publications used in this study are relevant to
construction industry. This again reduced the number of
publications to 116.

IV. OVERVIEW OF PROJECT MANAGEMENT

Project management (PM) is needed in construction
industry. This is because projects in construction
industry involves a series of complex activities that need
to be accomplished from the earliest stage of a project
to completion of project, i.e. planning, design,
construction, handover and occupancy/use of building
or structure [13]. Generally, a project is defined as a
unique collection of activities and interdependent
processes for production of goods or service, with
definite beginning and end [24-25]. A project is
undertaken by an individual or organisation to meet
specific objectives, i.e. to complete a project within
specified time, cost and quality parameters [26].
Projects are unique and temporary/one-off undertakings
typified with progressive elaboration that requires proper
preparation [24, 27]. Uniqueness means that projects
have their own respective specifications, circumstances
and activities, which differ from one another. One-
off/temporary undertaking means that projects have
their own limited period of time with specific beginning
(i.e. commencement of the project), and specific end
(i.e. completion), within which the goals of the project
are expected to be achieved. Progressive elaboration
means that projects are undertaken in a series of
successive steps, in order to meet all the details
specified within the scope of the project. Projects can be
of several types, such as manufacturing projects,
innovation projects, new product development projects,
and expansion projects, among others [28]. Projects
carried out by different industries differ considerably,
e.g., projects in manufacturing industry produce goods
as outcome, whereas projects in construction industry
produce buildings or infrastructure as finished products.
However, all projects are similar in terms of aiming to
design a manufacturing line to produce a product, at a
minimal production cost and maximum
efficiency/efficacy.

Projects are bounded by time, cost and quality
requirements and the environment. Theoretically, PM
unifies various functions of participants (i.e. the project
team) and resources within an organisation, but in
practice, it is the role and responsibility of a project
manager to manage those [4]. Project manager’s role
and responsibility includes motivation, time, cost, scope,
quality management and various administrative duties
[29]. Due to that, PM highly depends on the competency
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of a project manager to successfully execute project
[30]. This includes the ability to have different approach
of management, to complete tasks within time, taking
risks, delegating responsibilities to subordinates,
problem solving skills, and skills that befalls under PM
[31-32]. PM is still an important approach used in many
industries, especially in construction industry, which is in
effort to master skills of planning, control and scheduling
of projects.

Organisations in construction industry highly depend on
PM as a standard management approach that functions
as a medium in achieving project success [4]. The fact
that PM makes project success achievable is the
important strength of PM. In general, success is the
ability of an organisation to achieve its goals [3].
Construction projects are considered success when the
goals or criteria of the project are met, i.e. completion
within time and cost, and quality in accordance with the
project specifications. This is also known as the “iron
triangle”, which has been widely mentioned in literature,
such as by Hawk [33], Atkinson [34], Bernroider and
Ivanov [35], among others. Meeting these has become
the standard way of project controlling in PM. Based on
these criteria, PM focuses on the ability to deliver the
end product in accordance with the project scope,
scheduled time, budgeted cost and specified quality.
However, PM is not limited to meet the three criteria
only. Project successes are influenced by other factors
as well, such as environment, project participants (i.e.
their attitude, behaviour, and culture), health and safety
concerns, knowledge, value and risks [36]. Therefore,
while the iron triangle (of time, cost and quality)
maintains to be the key areas of concern, the additional
factors that surround the project are also taken into
account in PM.

Success of PM is limited to the type of project
undertaken by organisation. However, projects are of
continuous and perpetual nature, where end of one

project means another project is to begin [27]. This
constitutes a cycle of projects and thus, the cycle of PM
applies similarly whenever organisations undertake a
project. Eventually, the PM becomes a standardised
process of projects where project performances are
managed while maintaining focus on the PM
performances [37]. Construction industry depends on
PM for continuous project successes to maintain
stability, as organisations operate in the dynamic
business environment [38]. Thus, organisation’s
capability in executing PM most likely determines the
performance of the project they undertake, and overall,
the performance of the whole organisation. This
includes identifying, executing/applying, monitoring and
controlling the factors that influence the performance of
PM, i.e. CSFs of PM. Varieties of case studies identified
CSFs of PM of organisations operating in a project-
based business environment, where the factors differ as
project characteristics differ from each other [10, 39-40].

V. CSFs OF PROJECT MANAGEMENT

Exposing the CSFs from various backgrounds is
important for organisations to execute PM efficiently. In
this study, the CSFs of PM have been extracted from
literature. Firstly, papers identifying CSFs of PM were
gathered and studied. Then the CSFs were refined to
eliminate repetition of similar factors, ranked based on
their frequency in studied literature, and then arranged
according to their rankings (Table 2). Further review on
success factors (SFs) of such CSFs were carried out in
order to understand their influence or support to the
CSFs. As a result, seven CSFs with a total of 40 SFs
were compiled. The CSFs have been codified
numerically as ‘CSF PM 1’ to ‘CSF PM 7’, whereas their
respective SFs have been codified alphabetically, e.g.
‘CSF PM 1a’. The following subsection briefly discusses
the seven CSFs and their respective SFs.

Table 2: CSF of PM and its source.

157}
— 0,
—_— Al ©
[sg] < —_— S
AN | = - —_ o
3 2 =5 = ¥ & 2 g
x| gl X 32z 2 —| 5
Factors/Source A N Il I I Sl ol ol 3l = & &
B 2 gl BB g T I L Q2|
21 El 3| 2| ®| 5| 5|2 8| 2| g & 5| 8
S| o| 2| El 8| ElE| 2|2l 5| 5| 0] E| O =
0| S| D 2| ol 5| & 8| 2| 2| 8 o 5| of £
M| Z|D| 2|+ |F| 2| 2200 F| |
Management ability to accomplish project-related | v | v | v | ¥ ViIivivi ivIvIiv]v ]y v
tasks
Effective project delivery method v vV viviviviv]iviiv]v v
Strategic abilities of organisations VI IV IV |V vV vVivivi|vy v
Project team structure vV v v v v v
Technical ability of project team v |V v v v v v
Influence of business environment v v v v v
Innovative working environment V1|V V1|V v
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A.CSF PM 1: Management ability to accomplish project-

related tasks

This CSF focuses on the key persons of the

organisation, who are the project managers and

leaders, to have the required skills such as leadership

skills, critical thinking and good decision making [23, 40,

47]. This is important when accomplishing project-

related tasks while overcoming challenges, such as

adaptation to changes in business environment [41].

The key persons are expected to establish clear and

effective  communication, monitor and  control

performances and uncertainties/risks, and ensure

participation of stakeholders and project teams, to take

quality decisions, when necessary [40-42, 44-46, 48-51,

53]. Overcoming such challenges also usually require

top management power and support to create a working

environment that encourages employees to accept and

commit to any changes occurring within the organisation

[41, 46-48]. As such, this CSF was seen to comprise the

following success factors:

e CSF PM 1a: Top management support

CSF PM 1b: Clear and effective communication

CSF PM 1c: Project manager characteristics

CSF PM 1d: Performance management

CSF PM 1e: Uncertainty/Risk management

CSF PM 1f: Stakeholder management

CSF PM 1g: Level of participation in decision

making process by project team

e CSF PM 1h: Change management of organisation
level

e CSF PM 1i: Leadership and team management

B. CSF PM 2 Effective project delivery method

This CSF focuses on the project specifics and
characteristics mainly to ensure precise allocation of
resources for successful project delivery [23, 42, 45-
46,48, 51]. This includes awareness of the budget
estimate, expected time of completion, and quality to be
met that are usually stated in the project briefs [40, 42,
46-50]. The proper preparation of project briefs is also
needed for determination of suitable framework and
clarity of contract [41-42, 45-48, 51, 53]. Furthermore,
the project information enables proper planning for
allocation of skilled persons and manpower, and
provision of financial support, to ensure successful
project delivery [41, 46, 48-49]. As such, this CSF was
seen to comprise the following success factors:

e CSF PM 2a: Framework conditions

CSF PM 2b: Precise project budget estimate

CSF PM 2c: Clear and precise briefing documents
CSF PM 2d: Fixed construction period

CSF PM 2e: Material and quality

CSF PM 2f: Mutual and trusting relationships

CSF PM 2g: Manpower’s skills in understanding
construction process

CSF PM 2h: Availability of manpower

CSF PM 2i: Clarity of contract

CSF PM 2j: Financial support

C. CSF PM 3 Strategic ability of organisations

This CSF focuses on project goals and outcomes from
project reviews, which is required for the planning,
formulation and implementation of strategy [23, 40, 42,
44, 47, 49-50]. Changes in business environment often
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challenge organisations from accomplishing
organisational goals [45]. However, as projects are
undertaken based on strategy set by the organisation
[33], the clarity of scope and work definition, the
targeted project goals, and review of projects are vital
for organisations, to implement a strategy and to offer
solutions to overcome challenges faced [23, 40-42, 44,
48, 53]. As such, this CSF includes the following
success factors:

CSF PM 3a: Establishing project goal

CSF PM 3b: Establishing client criteria

CSF PM 3c: Clarity of scope and work definition
CSF PM 3d: Implementation process

CSF PM 3e: Defined solution offerings

CSF PM 3f: Project review

D. CSF PM 4 Project team structure

This CSF urges the identification of client’s

organisational structure and involvement of end user to

enhance the understanding between project team

members [23, 40, 42, 47, 52]. This includes determining

the extent to which project manager has authority and

influence on [40]. Such identification is expected to

create a better relationship that enhances teamwork and

allows better understanding of future use, such as to

accommodate  special design requests (e.g.

laboratories, hospitals) [23, 40, 50, 53]. This CSF

consists of the following success factors:

e CSF PM 4a: Project team work

e CSF PM 4b: Client’s organisational structure

e  CSF PM 4c: Project manager authority and
influence

e CSF PM 4d: User involvement

E. CSF PM 5 Technical ability of project team

This CSF highlights the importance of planning and
programming techniques, especially for project cost
estimate [40, 43, 47, 49, 51, 53]. Ability of application of
these techniques is one of the skills that lead to proper
execution of PM, particularly in controlling project cost,
and thus meeting the project goal [40-42, 47, 49, 51].
This CSF comprises the following SFs:

e CSF PM 5a: Planning and programming techniques
e CSF PM 5b: Project cost estimate and control

F. CSF PM 6 Influence of business environment

The dynamic business environment plays a critical role
in project performances [1, 10]. This refers to external
natural environment, such as weather conditions,
natural disasters, act of God, and land condition [23,
52]. It also refers to the external environment relating to
politics occurring and legal factors that may change over
time [42]. In addition, a construction project itself is
dynamic, due to the multiple phases of construction and
involvement of different project participants at different
phases [24-25]. Business environment, therefore, may
influence complexities, unless managed properly [7].
Thus, organisations need to create demand in order to
keep the business running [45]. Therefore, PM needs to
constantly gather, monitor and analyse sufficient
information relevant to the organisation’s market, such
as trends, competitors and customers, to overcome
business environment related concerns [48]. Thus, the
CSF covers the following SFs:

e CSF PM 6a: External natural environment
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CSF PM 6b: Politics

CSF PM 6¢: Demand creation
CSF PM 6d: Legal factors

CSF PM 6e: Market intelligence

G. CSF PM 7 Innovative working environment

The construction industry is often criticised for the
lacking in innovation and low productivity [1]. Apart from
the complication in terms of operation within
construction organisations, innovative changes (i.e.
technological developments and digitisation) appear as
additional concerns [54]. Considering the current
change occurring (i.e., IR4.0), construction industry
needs to be open towards innovation, from different
aspects [19]. SM enables construction industry to
constantly be aware of any changes and find any
suitable ways to adapt those changes within an
organisation [55]. With SM, more appropriate tools are
available for organisations to gain benefit from (e.g.
balanced scorecard, SWOT analysis and Porter’s five
forces) [41, 49]. Furthermore, while maintaining the
practice of PM, organisations may gain from [R4.0
adoptions where exploitation of modern technology and
the use of standard software infrastructure may assist in
developing team knowledge [41-42, 47, 53]. This CSF
comprises the following success factors:

CSF PM 7a: Availability of appropriate tools

e CSF PM 7b: Exploitation of modern technology

e CSF PM 7c: Development of team knowledge

e CSF PM 7d: Standard software infrastructure

VI. OVERVIEW OF STRATEGIC MANAGEMENT

PM enables construction industry to accomplish project
goals and eventually to achieve organisational goals.
However, organisations are concerned with issues
relating to changes occurring over time [54]. Applying
PM at project level may no longer satisfy goals at
corporate level (i.e., organisational goals) under such
changes. Organisations need to overcome and adapt to
such changes in order for PM to operate under
strategically oriented suitable organisational goals. SM
appears to offer such strategic basis, in setting suitable
organisational goals that can deal with emerging issues,
and also allow PM to operate and execute at project
level to assist in meeting organisational goals.

SM is largely practiced in business organisations, as it is
fundamental to leading organisations towards success
[55]. SM requires the key persons to fully understand
the overall concept of SM, even from the starting point
of SM [4, 56]. It is therefore indicative that the SM draws
a clear step-by-step procedure that enables
organisations to cope with emergent changes/issues.
SM drives organisations to clarify its procedures in detail
and proactively drives towards achieving long term
goals.Organisations operate in highly competitive and
dynamic environment. This refers to the changes in
business environment that are always complex and
rapidly occurring [57]. This situation is seen as one of
the key challenges and is arguably disadvantageous for
organisations to survive and succeed in long run, i.e.
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achieving  organisational  success. For this,
organisations are required to think differently and
proactively [8]. The target is organisational success that
is in the forms of organisational growth and/or employee
satisfaction [2]. Thus, SM became prominent as a
significant structured act of management approach that
provides momentum and enables organisations to
overcome the challenges created by the changes in
dynamic environment [57-58]. SM also drives
organisations to think differently to determine and
implement a strategy that suits the environment [8]. SM
is seen to be effective in leading organisations towards
survival and success in such environment [40]. This
suggests the importance of SM within the field of
business.

SM is executed through three elements of strategic
thinking, strategic planning and strategic momentum [8].
These become a series of procedures to be undertaken
under SM. A successful SM means achieving strategic
competitiveness through successfully formulating and
implementing a value-creating strategy [59]. However,
the success of SM is not solely dependent on these
elements, but on efficiently addressing the variety of key
areas/issues (i.e. CSFs). SM itself is a challenge on top
of the business challenges that organisations face. This
is due to the fact that the strategy changes as there is a
change in business environment, and this suggests that
SM itself is dynamic. In addition, organisations also face
difficulties in implementing the strategy formulated
through SM, including construction industry [54]. Thus,
the key persons within the organisation also need to
overcome the increase in business and strategic
challenges, while operating in dynamic business
environment [58]. This means, the key persons (or
managers) within the organisations play a role as the
key persons in SM as well, i.e. strategic leaders. These
strategic leaders are the persons responsible to
undertake the elements of strategic management, while
appreciating the key areas/issues (i.e. CSFs) of SM, for
SM to perform effectively and successfully.

VIl. CSFs OF STRATEGIC MANAGEMENT

As shown in Table 3, seven CSFs of SM were
extracted, along with their 27 SFs. The steps and coding
of CSFs and SFs used are similar to that of PM. They
are briefly discussed in the following subsections.

A CSF SM 1
behaviour/culture
This CSF focuses on the employee within organisation
and highlights the importance of their awareness on the
organisation’s specifics and activities, involvement in
accepting new ideas, and setting their mind set on the
accomplishments of organisational values [60-64]. This
is because SM is the creation of new strategies, based
on what the organisation to operate [59]. This requires
cooperation of employees, which influences the success
of strategic momentum for strategy implementation [2,
55, 58].

Influence  of  organisational
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Table 3: CSF of SM and its source.
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Influence of organisational VIiVIiVvIivVIiVI VI VI VI VI IVvIVv|Y vivi]vy

behaviour/culture

Management abilities towards changes 1V v ViviviviivivI]v]v]|V v

Employee orientation within organisation vViiv|v ViV iv|vY vV v

Strength of organisational strategy v vVivi]iv]iv]v v v

Role of organisational structure to v |V 4 vVIivi|v

facilitate changes

Organisational innovation skills v v v

Ambient business environment v |V v v

This CSF comprises the following success factors:
CSF SM 1a: Organisational specifics and activities
CSF SM 1b: Involvement of employees

CSF SM 1c: Processing system

CSF SM 1d: Mind set on organisational values

B. CSF SM 2 Management abilities towards changes
This CSF focuses on adapting new ideas by
managers/leaders that are able to lead the organisation
towards changes. Such strategic leaders should have
leadership and communication skills, in order to
undertake the elements of strategic management and
deliver the strategic changes clearly, to motivate
employee involvement [19, 60, 62, 65-69]. Moreover,
top management involvement and their commitment to
the strategic changes are required, especially when
planning for resources, in accordance with the new
strategy to be implemented [19, 60, 67-70, 73, 75]. This
CSF includes the following four SFs:

CSF SM 2a: Leadership

e CSF SM 2b: Effective communication

e CSF SM 2c: Involvement of top management

e CSF SM 2d: Resources planning

C. CSF SM 3 Employee orientation within organisation
This CSF focuses on the employee satisfaction, which is
one of the significant aspects of measuring
organisational success [2]. Employees are an important
indicator of organisational success, which can be
maintained by meeting employee satisfaction. This
requires expertise of human resource, for proper
allocation of employees in accordance with their skills
and experience [65-66]. Employees sacrifice their time,
energy and resources to carry out their responsibilities
in the organisation they work for [60-61, 69-70, 76].
Therefore, employee’s loyalty will strengthen when there
are opportunity for continuous learning and security of
service [75, 77]. Continuation of experience and trained
employees are important to realise the objectives of the
organisation [60, 70, 78, 79].
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Through employee satisfaction, organisational growth is
allowed and both aspects thus drive organisations to
organisational success. The SFs of this CSF are as
follows:

e CSF SM 3a: Security of service

CSF SM 3b: Expertise of human resource

CSF SM 3c: Trust

CSF SM 3d: Employee’s commitment

CSF SM 3e: Employee’s loyalty

D. CSF SM 4 Strength of organisational strategy

This CSF focuses on the strength of strategy formulated

and implemented, for the determination of organisation

performance. This is because the new strategy should

be driving organisation towards success and acting in

compliance with law [60, 66, 68-70, 72, 74].

Furthermore, the performance of the strategy will

eventually become critical information for strategy

evaluation, which becomes the basis for the next cycle

of SM [67, 74]. This CSF covers the following SFs:

e CSF SM 4a: Strategy formulation and
implementation

e CSF SM 4b: Strategy evaluation

e CSF SM 4c: Acting in compliance with law

E. CSF SM 5 Role of organisational structure to
facilitate changes

This CSF focuses on the organisation structure of the
organisation, and highlights that the key persons of
organisations play a significant role in SM [4]. The key
persons of an organisation act as the decision maker,
and the leader in the execution of SM. They are
identified from the organisational structure, along with
other employees within the organisation [62-63, 70-72].
Furthermore, the importance of organisational structure
is to highlight the roles and responsibilities of each
employee, which forms a control system and ensures
that each stage of the organisation can be
communicated and controlled properly from different
perspectives [62, 65, 70-72]. This CSF includes the
following SFs:
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e CSF SM 5a: Creation of organisational structure
e CSF SM 5b: Assembly of control system

F. CSF SM 6 Organisational innovation skills

This CSF focuses on the organisation’s innovation skills,
when organisations need to think differently and
proactively [8]. This includes, being innovative, such as
utilising modern technologies [61]. By exploiting and
applying modern technologies, the strategies derived
may comprise of appropriate application of modern tools
and techniques for better- and high-quality output [61,
66]. This CSF comprises the following SFs:

e CSF SM 6a: Feasibility analysis

e CSF SM 6b: Exploitation of modern technology

e CSF SM 6c: Application of modern technology

G. CSF SM 7 Ambient business environment
This CSF focuses on competitive market environment,
where awareness and practice of cost culture is
required, since organisations work in dynamic business
environment [73]. Changes in environment are always
complex and rapidly occurring [57]. Unfavourable
environment is one of the key challenges for
organisations to operate sustainably [60]. Construction
industry is frequently in need of innovation in the form of
product development, market introduction and diffusion
[19]. As such, the innovations will most likely improve
cost, time and quality, while maintaining high quality of
service delivery [72]. This CSF comprises the following
SFs:
e CSF SM 7a: Competitive market
e CSF SM 7b: Awareness and practice of cost culture
e CSF SM 7c: Innovative improvements of cost, time
and quality
CSF SM 7d: Product development
e CSF SM 7e: Market introduction
e CSF SM 7f: Diffusion

VIil. OVERVIEW OF INDUSTRY 4.0

Industry 4.0 (IR4.0) is the current emerging issue, and
its consequent changes is affecting construction
industry. IR4.0 is pushing organisations to apply
advancements of digital technologies, which is causing
administrative  problems relating to technology
adaptation, and strategic issues relating to achieving
organisational goals. However, it is essential for
construction industry to adopt IR4.0, despite these
issues, in order to harvest benefits in planning,
conducting and controlling various activities for
improved project delivery.

The fourth industrial revolution, or simply known as
IR4.0, is a phenomenon that surfaces as a result of the
emergence and rapid development of modern
technologies, such as augmented technology, big data,
data analytics, internet of things and prototyping [80].
IR4.0 was an outcome of an initiative regarding high-
tech strategy noticed by the German government [81].
IR4.0 is recent, so studies on its attributes to
organisations are still scarce. However, IR4.0 involves
the high practical and theoretical relevance of digital and
connected manufacturing technologies making it
necessary to explore and understand the underlying
dynamics of their implementation [82]. IR4.0 refers to
the digitisation and automation of the manufacturing
process, in the form of Cyber Physical System (CPS)
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[14]. It was developed to increase productivity and
efficiency of an industry [83]. IR4.0 involves the
connection of all parts of machines via integrated data
chains and operations that add value to the whole
product lifecycle [84-85]. Moreover, it also fuses the
virtual and real world with the emphasis on engineering
applications, such as robotics, digitisation and
automation [83]. Through IR4.0, human role in the
production systems is evolved to meet the integrated
smart working approaches in the whole product
manufacturing cycle [7, 86-88].

IR4.0 is powered by nine foundational technology
advances, which are big data and data analytics,
autonomous robots, simulation, horizontal and vertical
system integration, Industrial Internet of Things (loT),
the cloud, additive manufacturing, augmented reality
and cyber security [89-90]. These technology
advancements transform production in a way that
isolated but optimised cells (i.e. units of work) will come
together as a fully integrated, automated and optimised
production flow [89]. This leads to convert traditional
practices, to improve performance and management, by
interacting with the surrounding environment, such as
relationships among suppliers, producers and
customers, and between human and machine [88]. The
nine advancements are eventually categorised into four
main drivers of [|R4.0, namely Cloud based
manufacturing, 0T, Smart Manufacturing and Industrial
Internet [91].

IR4.0 is not only changing the manufacturing industry,
but also the construction industry [7]. Technological
developments and digitisation brought about by 1R4.0
are creating changes in environment to construction
industry and it is affecting organisational capability to
survive sustainably [8]. Usually, organisations in
construction industry maintain  sustainability by
achieving project success through PM [92]. However,
the current change in business environment with
regards to technological advancements and
developments is even interfering the typical PM
approach [19]. This suggests a strong encouragement
for construction industry to adopt and adapt to IR4.0.
Despite the rapid development of IR4.0, construction
industry is relatively slow to adapt new ideas and hence
the integration of IR4.0 in construction industry is still
minimal. At present, the common programme that
involves the use of technology is Building Information
Modelling (BIM) and Lean Construction [15]. BIM
describes the production and management processes,
whereby construction procedures including physical and
functional characteristics of buildings are represented
digitally before the actual construction [93]. Lean
construction is the application of lean thinking and
techniques (e.g. just-in-time delivery, value-stream
mapping and process improvement) that lead to new
form of production management to construction [94].
The use of BIM and Lean Construction in construction is
argued to be a useful tool for reducing the construction
industry’s fragmentation, improving its efficiency and
lowering the high costs of inadequate interoperability
[16].

Considering the advances brought about by Industry
4.0, construction industry is likely to gain further by
adapting to it. Concerns with regards to cost overrun
can be minimised with the use of robotics and
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automation workflows [17]. Achieving the “iron triangle”
of a project, including collaboration improvements
between actors/stakeholders is made possible by
merging cloud computing and BIM technology [18]. In
fact, IR4.0 offers a platform for improvements to
construction industry. Although the main aim of
organisations is to achieve and maintain organisational
goals, adopting IR4.0 in construction industry may need
organisations to adjust their goals and strategy. It is
therefore envisaged that construction industry may
successfully implement IR4.0 by bringing together PM
for project success, SM for organisational success and
IR4.0 for the technological advances.

Implementation of new concept is rather challenging in
practice. Organisations are yet to be completely familiar
and understand the attributes brought about by IR4.0.
Application of new technologies and the transformation
of processes will significantly affect the field of work and
demand new competencies from employees [95]. For a
successful implementation of IR4.0, it is important to
understand certain key areas or factors that may
encourage organisations to move toward this approach.
There are issues on social challenges, such as declining
population and aging society means reduced workforce
[96]. The growing levels of competition among
organisations also increase innovation pressure [97].
The desire to produce products at lowest cost without
sacrificing qualities is also an important area of
improvements that organisations seek [98]. The concept
of IR4.0 and its drivers, offers solutions to such
concerns and desires. This includes organisations in
construction industry. On the other hand, there are
barriers to implement IR4.0 successfully. One of the
major challenges to the implementation of IR4.0 is in
relation to human factor, such as lack of skilled
workforce and the need to retrain staff to meet the

changes [99-101]. Shortage of financial resources is
another issue [100, 102]. Integration of IR4.0 requires a
substantial amount of investments in new digital
technologies. Overall, challenges to implement IR4.0 in
any industries, including construction industry, are
uncertainties [95]. Organisations need to be aware of
the factors that affect the implementation, whether
positively or negatively, and basically ensure the
reliability and stability of the systems.

IX. CSFs OF INDUSTRY 4.0

As shown in Table 4, five CSFs of IR4.0 were extracted,
along with their 37 SFs. The steps and coding of CSFs
and SFs used are similar to that of PM and SM. They
are briefly discussed in the following subsections.

A. CSFIR4.0 1  Human/Social influence on
implementation
This CSF focuses on human/social involvement,

regardless of the increase of automation in the industry,
as IR4.0 is adopted [7, 86-88]. The advancements in
fact require employees to have the skills to operate
IR4.0 technologies [82, 103, 111, 113]. However, the
usual manual repetitive tasks are converted to
automated tasks, where human roles support the
automated systems and machines are assigned to
perform tasks [103-105, 110-112]. As such, health and
safety and ergonomic awareness become the concern,
because IR4.0 increases human-machine interactions
[106 109]. This CSF comprise of the following SFs:

CSF IR4.0 1a: Employee skills

CSF IR4.0 1b: Automated tasks

CSF IR4.0 1c: Human-machine interactions

CSF IR4.0 1d: Health and safety

CSF IR4.0 1e: Ergonomic

Table 4: Factors affecting Industry 4.0 and its source.

Factors/
Source

Kagermann et al [83]

Arnold et al [98]
Bauer et al[97]
| Dombrowski et al[104]

N Muller et al[82]

| Kerpen et al[103]

| Stern & Becker [105]

| Scheuemann et al[106]
Y| Horvarth & Erdos [107]
| Romero et al[108]

| Borisov et al[109]

| Hummel et a/[110]

| Fantini et al[111]
Yeh et al[113]
Jie et al[114]
Kumar et al [115]
Sung et al[116]
Wei et al[117]
Oliveira et al[118]
Wang et al[119]
Oesterreich et al[120]

N Mazali[112]

Human/Social
influence on
implementation

AN

Business
environment
effects

Organisational
support on
implementation

Technological
factors

Effects to
business strategy
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B. CSFIR4.0 2 Business environment effects

This CSF focuses on the changes in business
environment as adopting IR4.0 brings organisation to a
new business market and new competitors, which may
require organisations to consider the existing trading
partner, but with higher market expectation [82, 98, 113,
119]. It may be overcome by having high information
intensity to study on product and value chain, especially
for marketing purposes [113, 19]. Adopting IR4.0 also
creates changes in production. Therefore, organisations
should also be aware of the regulatory changes,
different government policy, availability of outside
support and consumer readiness and stakeholders
trusting relationship [98, 113, 115-116]. Environment
perspective is related to the external environment of the
organisation. This includes the SFs, as follows:

e CSF IR4.0 2a: Competition

CSF IR4.0 2b: Environmental uncertainty

CSF IR4.0 2c: Regulatory environment

CSF IR4.0 2d: Trading partner

CSF IR4.0 2e: Perceived outside support

CSF IR4.0 2f: Expectations of market trends

CSF IR4.0 2g: Government policy

CSF IR4.0 2h: Consumer readiness

CSF IR4.0 2i: Institutional based trust

CSF IR4.0 2j: Information intensity

C. CSFIR40 3
implementation

This CSF highlights that top management of the
organisation needs to support the implementation of
IR4.0 [98, 113, 115, 118-119]. The success of 1R4.0
implementation within organisation is influenced by the
firm size (such as number of employees, and annual
turnover), the organisation’s capacity and ability to
appreciate changes (in the form of having sufficient
knowledge and financial strength), and ability and
readiness towards changes in working practice [98, 113-
114,116-118]. The IR4.0 implementation also depends
on the organisation business model, and aim and
objectives for the determination of suitable new
technology to be adopted [114-115]. It also highly
depends on the employees’ motivation to comply with
the changes, as they are the actors of the organisation
[99-101]. This CSF comprises the following 10 SFs:

e CSF IR4.0 3a: Top management support

CSF IR4.0 3b: Firm size

CSF IR4.0 3c: Absorptive capacity

CSF IR4.0 3d: Managerial obstacles

CSF IR4.0 3e: Technology readiness

CSF IR4.0 3f: Organisational readiness

CSF IR4.0 3g: Firm scope

CSF IR4.0 3h: Subjective norms

CSF IR4.0 3i: Decision makers knowledge

CSF IR4.0 3j: Financial strength

D. CSFIR4.0 4 Technological factors

This focuses on the technology of IR4.0 to be adopted,
especially suitable awareness on its relative
advantages, in terms of compatibility, complexity and
infrastructure requirement, with respect to reliability and
stability [98, 113, 115-117, 119]. This is because
organisations need to ensure that the technology
Suferi and Rahman
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adopted is suitable with the business model and its
operation will be beneficial to the organisation [113, 115,
117, 119]. Organisations also need to consider
perceived challenges, impact of technology integration
(particularly relating to human-machine interface), and
perceived usefulness as to ensure confidence on cost-
effectiveness to invest in the new technology [98, 113-
114, 116]. Thus, the SFs include the following:

e CSF IR4.0 4a: Relative advantage

CSF IR4.0 4b: Compatibility

CSF IR4.0 4c: Complexity

CSF IR4.0 4d: Technology infrastructure

CSF IR4.0 4e: Perceived challenges

CSF IR4.0 4f: Technology integration

CSF IR4.0 4g: Perceived usefulness

CSF IR4.0 4h: Cost

E. CSFIR4.0 5 Effects to business strategy

This CSF focuses on the innovativeness of business
strategy, because implementation of IR4.0 comprises
change in the established business models and the
creation and development of new business models [82-
83, 97, 120]. Furthermore, organisations need to be
innovative as to enhance organisational
competitiveness, capacity and productivity, as well as to
ensure stability of operation [82, 120]. Thus, the SFs are
as follows:

e CSF IR4.0 5a: Business model innovation

CSF IR4.0 5b: Enhances competitiveness

CSF IR4.0 5c¢: Innovation capacity and productivity
CSF IR4.0 5d: Sustainability

X. COMBINED FOCUS

While the organisational success is the eventual target
of organisations, there are various approaches of
achieving. Therefore, techniques in adopted approaches
are also different. As such, the foregoing sections
identified three different sets of CSFs, but all targeting
organisational success operating in construction
industry, hence the commonality. As such, the three
identified sets of focus areas (i.e. CSFs) and their
relevant SFs were collated to seven common areas.
Those are briefly discussed in the following subsections.

A. Management

Irrespective of the selected approach, the management
of an  organisation  considerably influences
performances both at project and organisation level [19,
23, 40, 47, 60, 62, 66-70]. Managerial aid comes in the
form of support, communication, skills and techniques
[41, 42, 44-47, 23, 60, 62, 67-71], as well as through
participation in the team, and playing roles as leaders,
and in team management [40, 46]. Management
involves understanding the objectives and achieving
them [10]. Through management, the key persons
possess the role to make decision, plan resources,
coordinate a group of individuals and lead the
organisation through changes [23, 41, 47]. Moreover,
challenges for implementing IR4.0 in construction
require understanding the objectives, changes in
practise and the relevant resource allocation [41, 65-69].

B. Strategy

International Journal on Emerging Technologies 12(1): 188-203(2021) 197



Organisations operate based on the strategy adopted
that is efficient and effective to driving organisations to
achieve their short-term / project objectives and long-
term organisational goals [23, 33, 40-41, 44, 47, 49-50].
The dynamic environment surrounding construction
organisation and construction projects requires
participating parties to react quickly to changes and
proactive to survive [8, 45, 60]. Focusing on the
strategic aspects within the organisation enables the
organisation to realise when changes in strategy is
required, and thus planning, formulation, implementation
and review of new strategy takes place for the benefit of
achieving the end goals of the organisation [66-70].
Both PM and SM highlights the importance of strategy
to achieve project and organisational success [48, 67,
74]. Furthermore, implementation of Industry 4.0 in
construction industry will cause changes in environment
of construction organisations, i.e. in the form of
technological advancements and developments [19, 82-
83, 97, 120].

C. Organisation

Organisational structure, organisational
behaviour/culture, and organisational orientation are
central to implement any strategy in an organisation [40,
42, 47-48, 52, 68-72]. As for organisational structure, it
is crucial for the employees to be able to understand
their respective roles and responsibilities toward the
organisation and thus establishing proper
communication channels between different members
[10].  Organisational  behaviour/culture  includes
employees’ awareness of the organisation’s specifics
and activities, to be involved in the acceptance of new
ideas, and to set their mindset on the accomplishments
of organisational values [60, 73-74]. Furthermore, an
organisation comprises employees of different
experiences and skills [1]. Therefore, organisational
orientation is crucial in determining employee
satisfaction, which is one of the significant aspects of
measuring organisational success [2]. Organisation
should meet employee satisfaction, such as offering
opportunity for continuous learning and career path,
through which employees may be able to develop their
willingness, commitment, loyalty and more trust towards
the organisation [77]. These strengthen the
organisation’s ability to adapt and adopt new ideas into
practice. Support from top management, as well as the
employees within the organisation, helps the
organisation to facilitate and implement strategies for
the successful implementation of IR4.0 [40, 98, 113-
116].

D. Environment

Environment that is external to organisations also has
an impact on the performance of organisations in
construction industry [10]. Environment plays a critical
part, as organisations operate in dynamic environment,
as such project performance may be affected at multiple
phases of the project life cycle [23]. Considering that
changes in environment are always complex and rapidly
occurring [57], environment is argued as one of the key
challenges commonly faced by organisations in their
attempt to operate sustainably [92]. The external
environmental factors, such as factors related to nature,

Suferi and Rahman

politics, legal, economic and social issues are among
the common factors affecting projects’ and
organisations’ performances [19, 23, 42, 45, 48, 73, 98,
113, 115-116, 119]. These are significantly influential to
cause a construction project to be delayed, risking
opportunity cost for many parties, or worsen to cause
termination of project [10].

E. Innovation

Innovation is integral to addressing changes and critical
to both PM, SM and IR4.0. Innovation assists in creating
competitive advantage and improving organisational
growth [19, 41-42, 47]. It proposes the organisation to
innovate itself and in terms of technology and technical
skills [61, 66]. Innovation allows increase in
organisational capabilities, which will further allow
organisations to better adapt to Industry 4.0.
Organisations will then be transformed to practice
technology-based project management, influencing the
traditional technical aspects of project management [98,
113-119]. Innovation leads to application of new
technologies and transformation of processes and
hence will significantly affect the field of work and
performances [95].

F. Project related issues

It has been suggested that project-related issues are
often overlooked. They are critical to project
performances, and overlooking causes many projects to
fail [10]. Projects differ from each other and are carried
out in stages of project life cycle, where each stage has
its own primary objective(s) [51]. Projects differ in terms
of their own specifics and characteristics such as
budget, time/ period, quality, project activities, nature
and background [23]. In many cases, projects fail as
project performance criteria are not met, i.e. exceeding
budget and time, and not meeting expected quality. This
is because lack of understanding of project is likely to
cause improper planning (i.e. scheduling, allocation of
resources, etc) [42, 46, 48-49]. Implementation of IR4.0
will bring about various technological advancements,
which are expected to effectively address the
uniqueness of individual project activities, and positively
influence their planning, scheduling and resource
allocation. All these are expected to eventually improve
the performance levels of construction projects, as well
as relevant organisations [4, 36-38].

G. Human/social aspect

Increased use of advanced and improved technologies
through implementing IR4.0 does not replace the need
of human involvement. Instead, the continued need
suffers from inadequacy of skilled workforce and the
need to retrain staff to meet the changes [99-101].
Application of new technologies and the transformation
of processes are expected to significantly affect the field
of work and demand new competencies from
employees [95]. Moreover, declining population and
aging society means reduced workforce numbers [96].
Therefore, tailor-made  skill improvement and
development programmes are necessary, to
update/upgrade the existing employees targeting to suit
the advanced/improved technologies, as well as to train
fresh employees [83, 103-105, 110-113].
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XI. CONCLUDING OBSERVATIONS

Construction industry operates in a dynamic
environment, and therefore, needs to continuously
improve itself, in order to cope with both internal and
external changes. While maintaining achievements in
project success through PM, itis expected to gain
benefits by practisihg SM to achieve overall
organisational success. Further benefits may be gained
if it transforms itself into a modernised industry, such as
adopting IR4.0. This paper summarised the outcomes of
a structured review of literature and identified seven
CSFs of PM, seven CSFs of SM and five CSFs affecting
the implementation of IR4.0 in construction. The CSFs
of PM include: management ability to accomplish
project-related tasks, effective project delivery method,
strategic abilities of organisations, project team
structure, technical ability of project team, influence of
business environment, and innovative working
environment. The CSFs of SM include: influence of
organisational behaviour/culture, management abilities
towards changes, employee orientation within
organisation, and strength of organisational strategy,
role of organisational structure to facilitate changes,
organisational innovation skills, and ambient business
environment. The CSFs of IR4.0 include: human/social
influence on implementation, business environment
effects, organisational support on implementation,
technological factors, and effects to business strategy.
Further analysis of the identified three sets of CSFs,
along with their respective SFs, allowed to consolidate
them in seven common areas. Those are related to
management, strategy, organisation, environment,
innovation, project related issues, and human/social
issues. Various roles and techniques/tactics under these
seven common areas are expected to lead to successful
implementation of [R4.0, and allow success at
organisation level, in construction industry. However,
they require further adjustments and consolidation, and
guidance to jointly work towards successful
implementation of [R4.0 to benefit construction
organisations, as indicated in the next section.

Xil. FUTURE SCOPE

As briefly mentioned above, this study points out that
adopting IR4.0 in construction industry is beneficial,
particularly with regards to construction organisation
being able to cope with changes in business
environment and maintain stability and sustainability of
operation. As such, three sets of CSFs, along with their
104 SFs have been identified. These have further been
consolidated to seven broad areas. However, the
research conducted in this paper is based onextant
literature of different management and technological
aspects. Although they all focus organisational success
in construction industry, a further analysis and
adjustment is necessary for their effective use.

As such, all the SFs will be refined and adjusted to the
identified seven broad areas. Those refined SFs and the
seven areas will then be used to develop suitable
hypotheses, as well as to formulate a conceptual
framework showing their commonality and flow of inter-
related activities. The CSFs, along with their respective
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SFs, and hypotheses will be validated through a
questionnaire survey, and the framework will be
adjusted accordingly. Finally, an interview-based survey
will assist formulating, developing and validating an
action plan for the overall framework to implement in
construction.
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