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Abstract: Industry 4.0 (I4.0) grew from and is guided by smart manufacturing. The fourth industrial
revolution’s I4.0 would induce radical changes and transformations in the everyday operations
of businesses and people’s life. Due to these major changes impacting all sectors and industries
worldwide, the sustainability of the new future systems and operations is pertinent. The current
research literature points out that the social (human factor) aspect is relatively underrepresented in
the I4.0 sustainability-related studies. The few studies related to the social aspect usually investigate
the so-called ‘techno-centric’ approach to the subject. This study aimed to investigate the I4.0
construction project management (PM) profession from the socially sustainable ‘worker-centric’
approach. Five key assets of the new I4.0 project managers role, specifically in the construction
industry, were explored to achieve this goal. This was conducted through a survey questionnaire
aimed at 100 construction project managers based in Gulf Cooperation Council (GCC) region. The
overall research results showed that academic and professional qualifications were found to be key
factors in the process of adapting to the new I4.0 methodologies.

Keywords: digitalization; Industry 4.0 (I4.0); project management (PM); innovation; sustainability;
project complexities; ‘worker-centric’ approach; human factor

1. Introduction
1.1. The ‘Techno-Centric’ and the Socially Sustainable ‘Worker-Centric’ Approach in I4.0

Traditionally, the success of a construction project is defined as a construct that in-
cluded budget, time and quality. Longer-term project success, however, is about sus-
tainability. I4.0 is often viewed as a strategy that Western manufacturing organizations
adopt to compete with low-cost producers [1]. This view leads to the ‘techno-centric’
approach, which implies that I4.0 technologies are the key driver to improve organizational
performance, and the result of increasing automation is the reduction and loss of jobs,
competencies, expertise and know-how. This view implies that machines can replace the
human workforce. The majority of research studies adopt this ‘techno-centric’ approach.
In contrast, the second socially sustainable perspective is the so-called ‘worker-centric’
factory, where employees play a crucial role in the organization because they cooperate and
manage the new I4.0 technologies. Recent research studies argue that social sustainability
and employee empowerment are not possible via the ‘techno-centric’ approach, and they
recommend a shift towards a ‘worker-centric’ view. [2–4].

Project managers have a crucial role in the development of sustainable I4.0. They are
the principal agents of this change, and for this, their skills, attitudes and management
style should be aligned with the I4.0 trends [5,6]. It is suggested that every employee in I4.0
be required to have specific project management skills [7,8]. Additionally, an I4.0 specific
skill set will also be required to traditional project management knowledge [9].

The crucial role of employees and the social dimension for the success of I4.0 de-
velopmental priorities has been pointed out by several researchers of the field [7,8,10].
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However, the subject area of social dimension is significantly underrepresented in the
literature, resulting in an important research and application gap [1,2,4]. Technologies
could be bought, but employee engagement is hard to achieve. Unmotivated, uninterested
employees or workers who even potentially feel threatened by new technologies may lead
to an economic loss, the rejection of the I4.0 adoption and the unsustainability of future
progress. As it is still not crystal clear to many what fully realized I4.0 would look similarly
to or how it will operate [2,4], it is important to assess not only the deliverable benefits but
to consider all the possible concerns as well [11].

The general picture emerging from the relevant I4.0 research literature is that human
knowledge (knowledge that is difficult for machines to copy or learn) is key for the socially
sustainable ‘worker-centric’ approach. Therefore, it is of great importance to understand
those aspects of knowledge, which are essentially human. [4,12–14].

The relationship between humans and machine technologies developed gradually
along a path paved by industrial revolutions. Industrial revolutions could be described
as ‘stepping tones’ driven by technology to spur global progress. It has been suggested
that subtle layers of human existence have been increasingly exposed due to industrial
revolutions [15] and that soft skills will be the last to be modeled and replaced by technology.
Therefore, this is the most valuable asset for I4.0 [6]. In this regard, the concept of ‘bounded
rationality,’ introduced by [16] and further developed by research into the role of intuition
and emotion in decision-making [5,17], becomes increasingly relevant for understanding
the impact of I4.0, exploiting its benefits and avoiding the risks. Wiig proposes that support
for employees to work effectively and produce quality results was significantly impacted
by intuition-guided decisions rather than logical reasoning [17].

As Su-Yen Wong explained, “we [humans] know they [computers] can out-calculate us,
but there are things that make us uniquely human, and that is where future jobs lie.” [13]. It
is important to strategically concentrate on these ‘uniquely human’ areas because the rapid
development of artificial intelligence (AI) can already potentially disrupt the sustainable
social outcomes created by I4.0 technologies with even more jobs moving from workers to
machines [4,14]. Even though robots can significantly reduce labor costs and human error,
as AI substitutes the human factor even in jobs based on human contact (for example, sales
or customer service), there are still jobs that are resistant to automation. These are the ones
that codes or algorithms cannot define. They are associated with perception, creativity and
the ability to manage complex situations, flexibility, critical thinking, developing theories,
literature or composing music. The other area of automation resistant professions are
the ones where social intelligence and comprehension is required. These tasks cannot be
replaced by machines [13,14].

1.2. Key I4.0 Implications of the Socially Sustainable Approach for Project Management

The first introduction to the concept of ‘Industrial 4.0’ was in 2011 by the German
Government in during the Hanover Fair. It was later brought up again in 2013 in the
“Recommendations for Implementing the Strategic Initiative I4.0” report. This strategy
is now responsible for globally referred to as the Fourth Industrial Revolution (I4.0). I4.0
concept is particularly suitable for the manufacturing and IT industry, but its applicability
to other industries remains uncertain.

This new I4.0 age has two consequences from the worker-centric approach: increased
knowledge intensity and continuous adaptations of I4.0 technologies [1]. This is echoed by
Klaus Schwab, founder of the WEF (Davos Forum), who considers talent and knowledge
“talentism” the new “capitalism” [18]. Steven Hankin introduced the ‘War for talent’
expression in 1997. “The reason why knowledge is emerging as the most important strategic
aspect in business operations because it is closely associated with gaining a competitive
edge” [19]. As the process of digital transformation unfolds, knowledge is now an essential
component in the equation for business success [20,21]. Further to the ‘Age of Talent’
phenomena, Harvard University has come up with an ‘Atlas of Economic Complexity’
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as metrics to visualize the new age’s economic dynamics and growth opportunities [22],
attempting to measure the amount of productive knowledge.

In I4.0, a specific type of knowledge, ‘tacit knowledge,’ could be considered a source
of sustainable competitive advantage as it is difficult to imitate, especially for machines [23].
As Polanyi in 1966 [24] phrased it as “we know more than we can tell,” Tacit knowledge can
be defined as a certain type of knowledge that is not codified and potentially is not easily
expressed. As noted in the past, “professional experiences and expertise are considered to
rely on tacit knowledge, the knowledge we use unconsciously and can-not entirely put into
words” [25]. In order to achieve this knowledge, both intuition and in-sight seem viable
routes. Therefore, by tapping into these skills, the innovative capabilities of work teams
might be significantly improved [26].

According to Nonaka (1991), knowledge creation and tacit knowledge dissemination
are called socialization [27]. While the explicit knowledge creation and dissemination
methods are well understood and researched, the case is not the same with tacit knowledge.
Collins (1974) described that generally mentioning that workers in scientific specialties
formulate ‘social circles’ [28]. Price (1963) referred to these types of group arrangements
as ‘Invisible College’ and the “social location of distinctive sets of technical and cognitive
norms” [29]. It is suggested that tacit knowledge transfer is not possible by formal ways,
so there should be a study of social networks to track the path of knowledge that the
person possessing it is not aware of [30]. Barabasi put forward the ‘Network thinking’ idea
proposing that a person does depict not only the value of his/her own knowledge but also
the accumulated knowledge available in his/her network [31].

The above description of the key implications of the PM profession’s worker-centric
approach is already pointing towards a certain set of skills that will be introduced in de-tail
in the following parts of the paper.

1.3. The Identified Five Most Significant I4.0 Project Managers Traits from the
‘Worker-Centric’ Perspective

Sony and Naik (2019) studied the most important factors affecting the implementation
of I4.0. In their study, project management is indicated as number eight in the list [8],
indicating that project leaders and managers play a crucial role in the success of I4.0
projects. These key actors must be ready and able to support their organization through
challenges and opportunities presented by I4.0 [32].

The five key traits for project managers that the present research study suggests have
been drawn from a rigorous literature review and have been condensed into five categories
as indicated in the following table. (Figure 1) and that was later explained.

Construction projects are extremely complex, contain high risk and are very slow in
re-sponding to changes [33]. Therefore, the general key I4.0 implications of the socially
sus-tainable approach for project management prove to be interesting points of analysis in
the construction industry environment.

Marketing Orientation. Brand culture, software, service quality and design, and data
quality have risen in importance in the construction industry and I4.0 [13]. This can be
corroborated with Hughes’ [33] hypothesis that marketing, rather than project management,
is responsible for most aspects of problems with client satisfaction in terms of construction
projects. These issues might be further accentuated by the development of new digital
technologies in construction. Building Information Modelling (BIM) is considered the central
technology, and next to it, the three main concept clusters are smart factory, simulation and
modeling and digitalization and virtualization are gaining importance in construction [34].
In the future, varieties of simulation and modeling techniques such as Augmented Reality
(AR)/Virtual Reality (VR)/Mixed Reality (MR) and Human-Computer-Interaction (HCI) are
expected to be fundamental aspects in managing customer relationships and marketing [35].
These new insights are important aspects of I4.0 mass customization trends that demand an in-
depth, detailed knowledge and understanding of the customers’ requirements. The winners
of the market competition will be the companies with special emphasis on the customization
of their products to be as unique as possible [32].
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Complexity and Agility. Strandhagen et al. (2020) [36] discussed engineer-to-order
(ETO) industries such as shipbuilding and construction as much more complex and dy-
namic than the repetitive manufacturing approaches and concluded that the ETO context
seemingly greatly impacts the applicability of I4.0 technologies. Construction sites are
usually characterized by high variability and unpredictability. This characteristic makes
the synchronization of supply chains to the construction progress complex. Deficiencies in
these chains pose a sustainability problem, and an optimization is an approach to it. As I4.0
projects are complex instead of the traditional approaches used by the PM community [37],
new methodologies (such as agile) will be more suitable for these new I4.0 projects. In these
new agile work environments, product development occurs alongside the advancement
of technology and specifications [38]. Each new product development stage improves the
product value until the final product is created. Apart from the agile methodology, the
‘learning-emerging’ concept is another approach that can be used, [38] argues that instead
of a planning and instructional project management approach, the so-called “learning ap-
proach” should be implemented so that projects will “emerge” instead of being completely
pre-planned. With the increase in the number of disciplines participating in a single project,
managerial complexities also increase, resulting in the need for project managers to have
cross-disciplinary management capabilities. This holds in particular when the organiza-
tional cultures of the engaged organizations are diverse and perhaps incompatible. These
described project complexity definitions are mainly applicable to manufacturing and IT.
As construction is already fundamentally an exceptionally complicated and multi-faceted
industry, the additional complexity and agility traits of the I4.0 projects might imply a
significant challenge.

Open Innovation. Lee et al. (2018) [39] concluded that the most effective way to
address I4.0 is by dynamic open innovation business models and open innovation culture.
Open Innovation offers excellent potential to firms in the construction industry; however,
the immediate response can be the question of privacy. As [40] explained, the issue of
privacy in the interconnected I4.0 network needs some special attention.

“Open innovation” was first introduced by Chesbrough (2006) [41], who posited
that collaboration between companies is important in the technological age to ‘synergize
internal and external concepts, ideas and ways to market.’ This is so as not all necessary
knowledge can be created by the organization itself, where valuable knowledge needs to
be created both inside and outside the organization [42]. Therefore, it is not long before
open innovation methodologies are incorporated within innovative practices, requiring the
need for PMs to easily adapt to innovative environments [43,44]. It is important for project
managers to comprehend and be able to work within distributed network environments,
to drive the collaborative network and to build trust between the employees and the
company [45–47].

Talentism. Imagination and the ability to innovate are the drivers of success, and
the most important element of innovation is high-quality human capital, a rare resource
called ‘talent’. In I4.0, management focus has shifted to increasing motivation among
employees to develop their potential. In this age, creativity, innovation and human talents
have surpassed the importance of capital in production. Hence, it is clear how human
capital is now extremely important in determining a company’s success [48].

Apart from human talent, the transfer of knowledge and the cooperative capabilities
of employees have also become key determinants of an organization’s success [49,50]. Busi-
nesses need to comprehend that “collaboration on talent issues, rather than competition,
was no longer a nice-to-have but rather a necessary strategy” [51]. This is in contrast to the
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past, where technical facets proved to be more important in company success, resulting in
a greater focus on employees’ technical abilities. In I4.0, employees’ soft skills have become
more important in determining their value to a company. These shifts were indicated in
‘The new talent landscape’ report by [52], which determined the importance of skills in
determining the hiring of project management positions. Soft skills that include interper-
sonal relations, teamwork, problem-solving skills, communication and leadership skills
were the most important skills, coming in at 45% of responses. The second most important
skills at 39% were indicated to be IT and project management skills. With the increasing
incorporation of IT into the work environment, social skills, creativity and empathy have
become more critical traits in employment. Within the construction sector, communicating
and coordinating with stakeholders proved to be important skill sets [34].

Digitalization. Digitization is not a goal rather than a medium of work. As noted
by [6], the experience gained in handling these tools will allow the establishment of
stronger organizational cultures, whose decisions are based on data, and, consequently, the
organization will be able to tackle complex projects more sustainably. Digitalization can
help construction companies to reduce costs, save time and respond efficiently to customer
requests as part of the discovery practice and constant development to make them more
sustainable [47].

The key relevance of I4.0 for construction is categorized by 3D value chain models:
smart factory, simulation and modeling and digitization and visualization. This digital
simulation and modeling capacity has many benefits (cost/time, quality control, effective
communication and collaboration, building customer relationships and scientific safety
measures) but above all the sustainability assurance [40].

AI’s relevance to PM roles comes in the form of data collection, tracking and reporting.
Creating a fully digital program management office is in the works by many PPM com-
panies. With the increase in AI’s relevance, employees who can deal with AI and smart
machines have become extremely important. As AI becomes the priority of project manage-
ment, it is expected that human error regarding project issues and risks will decrease. With
the rise of I4.0, it is expected that machines will be seamlessly introduced into all aspects
of business operations [35,46]. Thus, this further highlights the importance of gaining
skills required to manage AI machines. It is expected that the knowledge worker will help
enhance this digital transformation through transforming big data into knowledge. When
projected against the business economy, it becomes essential that project managers possess
the digital skill set required to work well in I4.0 alongside new technologies [35,43].

2. Materials and Methods

This paper relied on sources published from 1963 to 2021. The wide time range enables
the paper to take on a broader perspective in understanding the trajectory of the topic
covered in this paper. In addition, a survey questionnaire was formulated based on findings
from the literature review.

The authors have specifically chosen the GCC construction industry to conduct the
survey questionnaire. The reason for this is that the GCC governments have been long
engaged with sustainability and diversification that is shown in the national social and
economic development plans such as Saudi Arabia’s Vision 2030, Oman Vision 2040, UAE
Vision 2021, Kuwait Vision 2035, Bahrain Economic Vision 2030 (Oxford Business Group).
They have also been highly involved with the I4.0 processes. In 2017 the UAE launched the
‘UAE Strategy for the 4IR,’ and in 2019, they appointed the first dedicated ambassador for
the fourth industrial revolution in the world. In 2018 the government and the WEF agreed
to establish the ‘Centre for the 4IR’, the first Digital Centre in the Middle East that can tap
into an expansive global network and will support the growing focus on digital initiatives
of businesses in the public and private sectors across the GCC region. In 2018 the national
authorities formed the Artificial Intelligence Council. In 2017 Dubai launched an IoT
strategy that aimed to build the world’s largest IoT ecosystem [53]. Given all these massive
GCC government initiatives, targeting I4.0 advancements and construction projects as part
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of the national development plans, the social sustainability aspects of all these substantial
processes is a very relevant question to ask.

The questionnaire survey method has been commonly used to collect data from
construction enterprises, such as in China and Oman [54–57]. Further to all these major
government initiatives and investment projects, a survey questionnaire was developed to
assess the state of readiness for I4.0 in the GCC construction industry. One hundred ques-
tionnaires were sent to 100 professionals. The professionals were selected from LinkedIn,
bearing in mind that they possessed experience as construction/PMs or seniors. Question-
naires were distributed between April to July 2020. In creating the survey questionnaire,
the five key assets of project management discussed in the earlier section were drawn to
create three questions for each asset. These five key assets are (1) marketing orientation,
(2) open innovation, (3) complexity and (4) talentism, (5) digital receptivity. Questions
related to the various categories can be found in the Supplementary Material.

In responding to the surveys, respondents were first required to state their academic
and professional qualifications. They were then required to respond to the questions
by rating their responses on a scale of 1 to 5. 1 indicates that the survey respondent
strongly disagrees with the asked question; 2 indicates that the respondent slightly dis-
agrees, 3 indicates that the respondent has a neutral opinion on the question, 4 indicates
that the respondent agrees and 5 indicates that the respondent strongly agrees with the
asked question.

3. Results

Based on the results from the questionnaire, it was determined that the technical
nature of construction skills, the multidisciplinary and regulatory environment and the
challenging working conditions made the role of PMs in the construction industry espe-
cially complicated. Based on the responses from the first survey question, it was determined
that a large majority (82%) of the respondents had both academic and professional qualifi-
cations. 14% of the respondents only had professional qualifications, while 4% only had
academic qualifications. These results are exemplified in Figure 2 below.
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Figure 2. Project managers qualifications.

For the second survey question that determined the respondents’ GCC country loca-
tion, it was found that a majority (64%) were based in Oman. The remaining 27% were
based in Saudi Arabia, 4.5% in Qatar and 4.5% in UAE. These results are presented in
Figure 3. The following questions delved into three questions, each targeting the five
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key assets—open innovation, marketing orientation, digitalization receptivity, talentism
and complexity.
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Figure 3. Geographical Locations of PMs.

3.1. Marketing Orientation

Questions 1.1, 1.2 and 1.3 assessed the respondents’ opinions concerning how im-
portant they find marketing orientation is to the PM profession. As discussed in earlier
sections, marketing orientation is key in understanding how psychological factors influence
marketing decisions in I4.0. In order to determine the importance of marketing orientation,
the behavior and expectations of clients and project stakeholders must first be understood.
The responses to Q 1.1, 1.2 and 1.3 are represented in Figure 4, which presents the average
of the answers.
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Figure 4. Receptivity of PMs to Marketing.

It should be noted that marketing orientation is dependent on many different traits
apart from the physical characteristics of a product. Through the responses, it was found
that PMs who had both academic and professional qualifications were compliant with
customer demands and protocol to deal with client demands. They expressed neutrality
when questioned about technological familiarities as well as marketing studies. On the
other hand, PMs with only professional qualifications (15%) had similar results. However,
they were found to be more familiar with new technologies and did not have prior mar-
keting studies. PMs only with academic qualifications (5%) were neutral towards new
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technologies. However, also agreeing to the importance of prior marketing studies and
creating a protocol to meet clients’ requirements.

3.2. Open Innovation Responses

Market competitiveness and business strategies have become much more complex as
a result of technological advancement. As shown in Section 2, the increased innovation and
complex environment caused by I4.0 will put a new strain on the PM profession [58–60].
Therefore, the 3rd category of questions (Q 3.1, 3.2, 3.3) aimed to determine how well PMs
understood open innovation and how relevant they thought this was to their job scope.
The responses from the survey are represented in Figure 5.
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Figure 5. Responses to ‘Open innovation’.

Open innovation is highly beneficial for companies during this technological age.
With open innovation, companies’ cooperation can spur creativity, innovation and gen-
erate unique ideas and concepts. Therefore, PMs’ different set of work attitudes and
competencies will be required, more specifically in their innovative and PM capabilities.

Based on the responses collected, PMs with professional and academic qualifications
have a strong understanding of open innovations concepts and relevant mindsets. However,
they were proven to have lower confidence when it came to working in a decentralized
network environment. PMs only with professional qualifications presented the same
responses, except for how they understood the importance of innovation even better. PMs
only with academic qualifications also had similar responses to open innovation.

3.3. Preparedness for Project Complexities

The increasing complexity of projects is expected alongside the increased complexity
in technological and organizational orientation. Therefore, the 4th category of questions
(Q 4.1, 4.2, 4.3) aimed to determine respondents’ readiness for project complexities. The
results are presented in Figure 6.

Even though the construction industry has not been fully exposed to agile method-
ologies, it was found that respondents firmly understood the related concepts. PMs only
with professional qualifications fared especially well in this area, apart from concepts on
cross-disciplinary management as they did not believe in the benefits of managing different
cultures together. Finally, the group that fared the best in this area were PMs with only
academic qualifications.
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3.4. Talentism

Human capital and talentism have been shown to be important determinants in
the company’s success [41,48]. This aspect was investigated through the 5th category of
questions (Q5.1, 5.2, 5.3), where the responses are shown in Figure 7.

Sustainability 2021, 13, x FOR PEER REVIEW 11 of 18 
 

 

 

Figure 7. Receptivity to “Talentism”. 

3.5. Digital Receptivity 

Overall, the impact of digitalization on ‘market standards, working infrastructure, 

machinery, business and operations’ have been emphasized several times [35]. Therefore, 

it is important to determine the perspectives of PMs towards this aspect. The following 

three questions (Q 2.1, 2.2, 2.3) delved into these aspects, and the resultant responses are 

indicated in Figure 8. 

Digitalization has proved its importance in helping to spur development in the con-

struction industry that will maximize efficiency. Some of the ways where digitalization 

can contribute to development revolve around new technologies such as building infor-

mation modeling (BIM), 3D printing and the Internet of Things (IoT), among many others. 

Therefore, these technologies in digitalization will be key in spurring economic diversifi-

cation and large-scale national transformation. 

The survey has shown that PMs with professional and academic qualifications and 

PMs only with professional qualifications were mostly highly receptive to digitalization. 

PMs only with academic qualifications strongly understood new technologies, but fared 

the worst in the ‘try, fail fast, and move on’ work culture. 

 

Figure 8. Digital Receptivity. 

3.8 4 4.2 4.4 4.6 4.8 5 5.2

PM with Professional and Academic
Qualification

PM with Professional Qualification only

PM with Academic Qualification only

Receptivity to "Talentism"

Q5.3 Soft skills, human connections and empathy are key factors for success

Q5.2 Creativity is a key factor in success

Q5.1 Nurturing and development programs etc are important for human capital

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

PM with Professional and Academic
Qualifications

PM with Professional Qualifications only

PM with Academic Qualifications only

Digital Receptivity

Q2.1 Prefers shortened meeting times and completing a task quickly

Q2.2 Prefers a 'try, fail and move on' culture, and 'quick and dirty' work around solutions

Q2.3 Being familiar with emerging trends in construction and new technologies

Figure 7. Receptivity to “Talentism”.

3.5. Digital Receptivity

Overall, the impact of digitalization on ‘market standards, working infrastructure,
machinery, business and operations’ have been emphasized several times [35]. Therefore,
it is important to determine the perspectives of PMs towards this aspect. The following
three questions (Q 2.1, 2.2, 2.3) delved into these aspects, and the resultant responses are
indicated in Figure 8.

Digitalization has proved its importance in helping to spur development in the con-
struction industry that will maximize efficiency. Some of the ways where digitalization can
contribute to development revolve around new technologies such as building information
modeling (BIM), 3D printing and the Internet of Things (IoT), among many others. There-
fore, these technologies in digitalization will be key in spurring economic diversification
and large-scale national transformation.
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The survey has shown that PMs with professional and academic qualifications and
PMs only with professional qualifications were mostly highly receptive to digitalization.
PMs only with academic qualifications strongly understood new technologies, but fared
the worst in the ‘try, fail fast, and move on’ work culture.

PMs who had both academic and professional qualifications showed strong under-
standing and belief in nurturing talents and developing employees’ capabilities. However,
social skills and creativity were more highly prioritized.

PMs with professional qualifications provided similar responses but showed a strong
understanding of the concepts of talentism. PMs only with academic qualifications indi-
cated that talentism was the key factor determining success in I4.0.

4. Discussion

The present study falls within the category of recent research focused on individ-
ual and organizational competencies needed for absorbing ongoing transformations in
industry and society in general (e.g., [14,35,39]). More specifically, the research focuses
on the ‘worker-centric’ human factor aspect of I4.0’s social sustainability in the GCC con-
struction PM profession. The emerging issues and potential implications and are complex
and multifaceted.

There is something of a consensus around the idea that digitalization triggered by new
technological innovations must lead to a restructuring of the supply chain and a corollary
(re)qualification of skilled workers (see especially [4,10,14]. As pointed out by several
researchers, there will be new increasingly knowledge-intensive jobs created by these
new I4.0 trends. In this paper, the assumed new skillset needed for I4.0 has been drawn
from the literature and has been distilled into five categories: (1) marketing orientation,
(2) open innovation, (3) complexity and (4) talentism, (5) digital receptivity. These specific
skills are built upon each other to ensure that PMs can effectively handle all internal and
external aspects required for PM. Digital receptivity forms the core of these assets to turn
the organization towards I4.0 [61]. Together with digital receptivity, PMs must be able
and prepared to handle the high level of project complexity and use and understand the
importance of open innovation. These would target the internal and external aspects of PM,
respectively. The multifaceted nature of the I4.0 projects would require the collaboration
of various disciplines inside and outside the organization and tap into novel skills and
ideas. Therefore, to manage the project well internally, PMs must have cross-disciplinary
management capabilities to ensure the effective coordination of all required disciplines
required to develop the product and increase its value. However, solely relying on the
internal aspects of the organization is not enough to maximize product value. External
collaboration with other organizations to synergize internal and external concepts, ideas
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and marketing methods, is also essential to ensure that product value is maximized to
its full potential. Hence, PMs need to possess the open innovation skillset to collaborate
externally with other organizations. It should be noted that while the coordination of such
concepts and ideas is essential, without the talents of human capital, such concepts and
ideas will not be able to come to fruition.

Researchers have emphasized the importance of human resources in applying new
technological skills. Thus, the asset of talentism comes into play as the soft skills of human
capital are important in ensuring that the product development ideas are carried out effi-
ciently and effectively to maximize quality [62]. Once the product has been developed, the
importance of the marketing orientation skill asset is critical in tackling client satisfaction
to ensure that clients are receptive to the developed product. Therefore, it is clear that the
management of projects from the beginning where ideas are conceptualized to the final
development and delivering of the product to clients requires the five main assets from
PMs that we have identified throughout the study. Eventually, these five skills harmonize
with the proposed framework introduced by Lee and Lim, ‘Convergence in I4.0’, where
people, objects and organizations are combined with the services of AI and data to produce
a value [62]. Figure 9 shows the framework of the five skills harmonized with Lee and
Lim’s proposed framework.
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As a fully realized I4.0 is still not totally clear for most practitioners, it is, of course,
not the case that only these five categories are important in ensuring an expedient reaction
to I4.0 transformation. Instead, these five categories together constitute a set of core
competencies and attitudes that helps for a manageable I4.0 transformation process and
sufficiently cover the entire spectrum providing a relatively accurate starting point for
predicting the sustainable impact of I4.0. Therefore, it is plausible that if an organization
or industry scores low on all or the majority of these issues, their risk of being side-lined
during the digital transformation is fairly high. The impossibility of determining with
precision the definite set of skills needed to accommodate I4.0, in part, is related to the
complexity of the process itself.

As Donaldson established in 1996, successful decision-making depends on understand-
ing the internal and external factors influencing the system; these are called contingency
factors [63]. Concerning internal factors and the logic of operation of the construction sector
at a global level, as Lizarralde pointed out in the construction sector, project team members
come together through a group is not really a team. It is a temporary multi-organization
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(TMO) [64]. It is temporary because it lasts only for the duration of a single project, at the
end of which the members separate, which must be taken into account to evaluate the
competencies of the necessary team members. Regarding external factors, in Newcombe’s
work in 1996, societies were increasingly plural and in which more stakeholders decided
on projects [65].

Further to Donaldson’s internal and external influencing factors, the discussion of
intrinsic and extrinsic barriers is of great importance in terms of I4.0’s realization. According
to the UK Manufacturers Organization’s survey (2018), companies generally go through
three phases of development before they can fully embrace the I4.0 concept. The first is the
‘Pre-conception’ phase, when companies have not really shown real interest or have not
invested in this concept at all. The second is the ‘Conception’ phase, when there is some
interest and a certain level of investment into I4.0, and the third is the ‘Evolution’ phase,
when companies are able to engage and harvest the I4.0 benefits fully. To achieve the final
‘Evolution’ stage, companies have to come over several barriers. The survey concluded
that generally, they have to overcome the intrinsic, internal barriers and then proceed with
the extrinsic, external barriers for successful adoption.

The intrinsic barriers identified by the mentioned 2018 UK survey are the following:
(i) Lack of skills within business implementation, (ii) Data compatibility between systems,
(iii) Not understanding how technologies can help our business, (iv) Culture within our
business towards change, (v) Lack of available finance to invest, (vi) Cybersecurity concerns,
(vii) Unable to build an investment case, (viii) Not knowing where to go for information,
(ix) Lack of buy-in from management, (x) Lack of buy-in from employees.

In terms of I4.0 extrinsic barriers, PWC reports the following (PWC and WEF, 2020.
Unlocking Technology for the Global Goals.): (i) The differences in data interoperability,
quality and volume, (ii) Differences in technology maturity, (iii) A lack of wider pool of
individuals with 4IR expertise, (iv) Inadequate financing models, (v) Gap between rapid
technological advancements and governance and regulations.

These described development stages and barriers are taken from the manufacturing
industry, which is quite well aligned with I4.0 initiatives. In terms of construction, several
more and completely unforeseeable barriers might arise due to this industry’s very different,
rigid and complex nature. Accordingly, the described developmental phases and barriers
should serve only as a general guidance in relation to our current study.

I4.0 concept is particularly suitable for the manufacturing and IT industry, but its
applicability to other industries remains uncertain. In general, the construction and ma-
terials industry is one of the lowest R&D intensity sectors, with less than 1% of net sales
according to a 2015 EU survey. This is a surprising finding as the construction industry is
usually one of the major contributors to the employment and economy of each country [34].
Looking at the GCC region, these figures are a bit different, as Saudi Arabia is investing
USD 56 billion in advanced construction technology sectors and R&D as of 2020. The
construction industry operates in complex environments, resulting in multiple layers of
disciplinary and managerial approaches (Oxford Business Group). Furthermore, given that
construction projects are extremely complex and come with high risks, they are very slow
in responding to changes. Due to these challenges, [34] concludes that companies to be
motivated for the adoption of government mandates, initiatives or funding programs are
necessary, requiring in-depth research of the construction industry from the I4.0 aspects.
Therefore, these dynamics prove to be interesting points of analysis [66].

With such a systemic change towards integration and interoperability, it will be neither
possible nor necessary to insist on a definitive set of skills needed to profit from the 4.0
transformation. The resulting openness is thus fruitful for both academic and practical
purposes. On the other hand, the study results clearly demonstrate that respondents with
both professional and academic qualifications are more open and aware of the I4.0 trends.
While respondents with only academic or professional qualifications are hesitant or unsure
to respond or even participate in the survey, their counterparts with professional and
academic qualifications are well-informed, interested and willing to test their knowledge
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and attitude towards I4.0. This was a very important realization of the conducted survey
questionnaire. In the review carried out by Maskuriy [40] they point out the importance of
convincing workers that the company’s sustainability depends on innovation and targeted
training. For sustainability in construction projects, the companies need to develop a
workforce with both academic and professional qualifications.

While it is very appealing and powerful to imagine all these major restructuring
processes, their real-life adaptations are different scenarios. There is a consensus around
the importance of PMs in fostering, accelerating and exploiting the digital transformation,
however, it is difficult to determine at this juncture how exactly this role will materialize.
Consider for example talentism [18,48]. While it is clear that PMs will need to have as an
end-point a focus on their employees’ soft skills and creativity, fostering an organizational
culture where such aspects are encouraged and rewarded, it remains open for discussion
how such organizational cultures are to be achieved. To a great extent, this depends on
the concrete direction taken by I4.0 and other (larger) organizational, societal and global
trends and changes. To the questions of how long does it take to make these changes?
How deep must they be? We can say in the past, it would take decades, even centuries, to
make profound changes in the formation of society and the economy. However, everything
has accelerated [1,3] we are in the center of a Cybernetic Revolution, which means annual
cycles of profound changes with aims to institutionalize innovation systems.

As the authors of the present work have already shown in previous publications [55,56],
the introduction of environmental aspects as the central axis of the construction industry in
the GCC area is an important but still incipient aspect. The double challenge of incorporat-
ing I4.0 and sustainability as an essential part of it being a priority is still a challenge for
PMs today, in which they will not be alone.

The most important limitation to consider for this study is the relatively low number
of respondents and the overwhelming majority of highly skilled PMs (meaning both
professional and academic credentials).

There is a huge and very interesting research potential for future studies in this
subject area, as the human aspect of sustainability has been relatively underrepresented
in the research literature until now. Just as an example, and building on the concepts
introduced in this paper, both researchers and managers could be involved in studying of
planning and creation of future increasingly knowledge-intensive new jobs. These new job
descriptions are not existing yet, but will be necessary in I4.0. New motivational, knowledge
management and knowledge transfer techniques for the workforce and management are
also important topics for future progress. The different managerial and leadership styles,
potentially with more emphasis on soft skills, and these impact on the workforce is also
a promising area of study. Future research can provide a more empirical grounding for
the present results approach zoom in at a micro-level and investigate the specific skills
needed in concrete situations and for concrete organizations. Additionally, a qualitative
study can provide more depth to the categories selected, clarifying for instance how the
PMs themselves see the selected five categories and how they interpret their responsibility
in acquiring the skills in question.

5. Conclusions

The usage of new I4.0 technologies is still in the early stages in the construction in-
dustry. According to the research literature, the socially sustainable worker-centric I4.0
approach is in an embryonic stage not only in construction, but generally in all industries.
With the onset of I4.0, new talents that possess relevant skillsets will be in increasing
demand. In addition, the increase in collaboration across various supply chains in the con-
struction business has been encouraged in I4.0. As a result of such changes, organizations
also need to alter their workflow. The increased introduction of new technologies will
require project managers to understand how to use and work with these technologies and,
most importantly, how to manage the new I4.0 workforce.
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This paper studied how construction PMs based in the GCC countries were prepared
to deal with these digital transformations from the aspect of the worker-centric view, based
on five key assets identified in the literature review. Overall, it was found that PMs reacted
positively towards the five key assets. However, they were found to be less familiar with
new technologies that include Artificial Intelligence and Virtual Reality, among many
others. The results from the survey demonstrate the need for increased exposure and
training for GCC PMs to become more familiar with these technologies. It was also
determined that PMs with academic and professional qualifications demonstrated a more
robust understanding and preparedness for I4.0, highlighting the importance of increased
training and exposure for all PMs to be fully prepared for the new I4.0 transformation.

The novelty and originality of the present study is that it tries to investigate the
‘worker-centric’ social dimension from a profoundly intrinsic and human factor perspec-
tive. An important aspect of the paper’s findings is that the study was conducted in the
construction industry, which is well-known for its rigid and firm culture and strong resis-
tance to changes. This type of more human, worker-centric approach could be important
for the successful realization of I4.0 projects in the construction PM sector as well.
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