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ABSTRACT

The digital transformation driven by the Fourth Industrial Revolution (IR 4.0) has significantly altered the
operational landscape of the construction industry. The integration of technologies such as Building
Information Modelling (BIM), Artificial Intelligence (Al), and Internet of Things (1oT) has necessitated the
emergence of a new leadership paradigm—digital leadership. However, the industry's entrenched reliance on
traditional methods, fragmented workflows, and low digital literacy have hindered the full-scale adoption of
these advancements. Considering these challenges, this study aims to identify effective strategies for enhancing
digital leadership skills among construction project managers. A quantitative research design was employed,
with data collected via structured questionnaire survey distributed to 78 project managers across contractor and
consultant organisations in Malaysia. Data were analysed through both descriptive statistics (mean & standard
deviations) and inferential analysis (Kruskal-Wallis H test) to identify significant differences across
respondent groups. The findings revealed five key strategic domains for enhancing digital leadership: (1)
comprehensive training and development programmes, (2) implementation of digital tools and software, (3)
strengthening networks and collaboration, (4) establishing policies and cybersecurity protocols, and (5)
promoting exploitation and application of digital innovations. These strategies were widely acknowledged
across respondents, indicating a shared understanding of digital leadership development needs. The study
concludes that fostering digital leadership requires more than technical upskilling, it demands a cultural shift
supported by structured initiatives and visionary leadership. As a way forward, construction organisations
should institutionalise leadership development frameworks, encourage continuous digital literacy programmes,
and align leadership strategies with national digitalisation goals. This will better equip project managers to lead
in an increasingly digitised construction environment.

Keywords: Digital Leadership, Project Management, Construction Industry.

INTRODUCTION

The construction industry serves as a vital engine of economic growth and infrastructure development globally,
contributing significantly to national productivity and employment. However, the industry remains burdened
by longstanding inefficiencies, including low productivity, project delays, and cost overruns [1]. These
challenges are being further amplified by the increasing demand for digital transformation in response to the
Fourth Industrial Revolution (IR 4.0), which calls for the integration of technologies such as Building
Information Modelling (BIM), Artificial Intelligence (Al) and Internet of Things (1oT) [2].

The Malaysian government has recognised this as imperative and has introduced several strategic policies to
modernize the construction sector. Among these, the Construction Industry Transformation Programme (CITP
2016-2020) served as a foundational framework for enhancing productivity, environmental sustainability,
safety, and professionalism through technology adoption. More recently, the National Construction Policy
2030 (NCP 2030) was launched to reinforce and expand on CITP’s goals, placing stronger thrust on
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digitalisation, innovation, and talent development. NCP 2030 envisions a construction ecosystem that is
integrated, sustainable, competitive, and digitally resilient, aligning with the Thirteenth Malaysia Plan and
Shared Prosperity Vision 2030.

Yet, despite the availability of these policy frameworks, the pace of digital adoption across construction
organisations has been slow. Studies reveal a major constraint lies not in the absence of technology, but in the
lack of digital leadership capacity among construction professionals [3][4]. Traditional leadership practices
that rely on rigid hierarchies and physical workflows are becoming increasingly obsolete in a context where
digital agility, real-time data analysis, and remote collaboration are paramount [5]. In this evolving digital
landscape, construction project managers are expected to not only manage complex deliverables but also lead
their teams through technological transformation—roles that require a unique blend of technical knowledge,
strategic vision, and leadership agility [6].

Despite the evident need, many project managers continue to struggle with digital literacy, inadequate
exposure to digital tools, and resistance to change—either personally or within their teams. According to [7],
the fragmented nature of construction projects, which often involve multiple stakeholders and temporary
teams, further complicates efforts to foster coherent digital leadership. Inadequate training, cultural resistance,
financial constraints, and insufficient top-management support exacerbate this issue [8][9]. These gaps prevent
the effective translation of policy aspirations such as CITP and NCP 2030 into on-the-ground improvements,
thereby diminishing the industry’s competitiveness both regionally and globally.

One notable challenge is the absence of structured, context-specific strategies to enhance digital leadership
competencies in project managers. While existing leadership literature often focuses on traditional or
generalized leadership models, few studies tailor their insights to the construction sector's unique project-
based, fragmented, and high-risk environment [10]. Moreover, digital transformation in construction is not
merely about adopting new tools—it involves reshaping decision-making processes, nurturing innovation, and
fostering a digitally literate workforce capable of operating in virtual and data-driven environments [11].

Against this backdrop, there is a critical need to examine how construction project managers can be better
equipped with digital leadership skills. This study narrows its focus to this exact issue and sets the objective as
identifying effective strategies to develop and strengthen digital leadership among project managers. These
strategies include but are not limited to, structured training programmes, policy support, network and
collaboration mechanisms, cybersecurity awareness, and active implementation of digital tools [7].
Understanding these methods is vital for bridging the leadership gap that currently hinders the industry’s
digital progress.

The significance of this research lies in its potential to offer both theoretical and practical contributions. From
a theoretical perspective, the study adds to the limited body of knowledge on digital leadership within the
construction context—particularly by grounding its analysis in empirical findings from industry practitioners.
From a practical standpoint, the research proposes actionable strategies for capacity-building and digital
upskilling that can be adopted by organisations, industry bodies, and policymakers. These insights are crucial
for developing a resilient construction workforce that can adapt to and thrive in the rapidly changing digital
landscape.

As digital leadership emerges as a core competency for future-ready construction professionals, equipping
project managers with the right skills and frameworks is no longer optional but imperative. Without competent
digital leaders, the construction sector risks falling behind in regional innovation benchmarks, undermining
efforts to become a high-income nation. The study seeks to close the critical competency gap between current
leadership capabilities and the demands of a digitised construction environment. Therefore, contributing to the
long-term vision of a smarter, more efficient, and future-proof construction industry.
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LITERATURE REVIEW
A. Organisational Structure in Construction Organisations

The structure of construction organisations plays a fundamental role in shaping leadership practices and digital
transformation strategies. Construction organisations typically fall into two categories: contractor organisations
and consultant organisations, each with distinct leadership structures and operational responsibilities [12]. In
contractor organisations, leadership is predominantly hierarchical, with project managers overseeing on-site
operations, procurement, and coordination with subcontractors. The focus in these organisations is often on
operational efficiency, cost control, and timely delivery — leadership traits commonly associated with
transactional leadership [9].

Consultant organisations, on the other hand, are responsible for planning, design, and project advisory roles.
Their leadership structures tend to emphasize strategic thinking, innovation, and problem-solving — attributes
more aligned with transformational and participative leadership styles [13]. Project managers in consultant
organisations are generally less involved in execution but more influential in setting project direction and
aligning stakeholder expectations.

This bifurcation is crucial because each structure presents different opportunities and constraints for cultivating
digital leadership. While contractor organisations require hands-on digital leadership to streamline operations
and adopt tools like BIM and 10T, consultant organisations benefit from leaders who can strategize digital
implementation and foster inter-disciplinary collaboration [5].

B. Definition and Dimensions of Digital Leadership

Digital leadership refers to the ability to lead and manage digital transformation by leveraging technology to
drive organisational change, enhance performance, and build resilient, future-ready teams [6]. Unlike
traditional leadership, which may rely heavily on authority and routine processes, digital leadership is
adaptive, data-driven, and people-centric. It encompasses several core attributes as shown in Figure 1.
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Figure 1 Digital leadership attributes

Technological Literacy represents competence in digital tools such as BIM, Al, cloud platforms, and data
analytics, enabling leaders to guide digital tool adoption effectively [14]. Meanwhile vision and strategic
thinking involves the ability to align digital initiatives with long-term organisational goals and future industry
trends [4] and communication and collaboration reflects the proficiency in virtual teamwork, stakeholder
alignment, and cross-disciplinary dialogue [15]. Data-driven decision-making is the capacity to interpret and
use data for proactive problem-solving and project optimisation [11] while adaptability and flexibility stand for
responsiveness to changing technologies, stakeholder needs, and external disruptions [6]. These attributes are
interdependent and form the foundation for successful digital leadership in project environments that are
inherently complex, dynamic, and fragmented which are the characteristics typical of the construction sector.
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C. Challenges Hindering Digital Leadership Development

While the theoretical need for digital leadership is widely acknowledged, several practical challenges hinder its
development in the construction industry. One major barrier is the resistance to change, often rooted in a strong
preference for traditional workflows and face-to-face communication. Many professionals are sceptical of
digital tools due to perceived complexity or lack of immediate return on investment [1].

Another constraint is the digital skills gap. Many project managers lack the training and exposure required to
lead digital initiatives, particularly in applying tools like BIM or navigating collaborative platforms [16].
Financial limitations and insufficient organisational support further exacerbate these gaps, especially among
small and medium-sized organisations that cannot afford dedicated digital transformation teams or technology
investments [8].

These challenges illustrate why equipping project managers with stronger digital leadership skills requires
more than individual effort — it demands organisational commitment, policy alignment, and a cultural shift
toward innovation.

D. Strategies to Enhance Digital Leadership Skills

The key objective of this research is to explore methods to equip construction project managers with stronger
digital leadership skills. Based on findings from [7], five major strategies have been identified:

Training and Development Programmes

Targeted leadership training focused on digital competencies is essential. Programmes such as those offered by
My DIGITAL and the Asia School of Business aim to enhance executive capabilities in data analytics, change
management, and digital strategy formulation. These initiatives must be tailored to the construction context,
incorporating modules on BIM, project management software, and remote collaboration tools [18].

Implementation of Digital Tools and Software

Encouraging project managers to adopt and champion tools like BIM, Procore, or cloud-based dashboards
enables experiential learning. Leaders who are hands-on with technology are more likely to influence team
adoption and integration [19]. Tool implementation should be supported by firm-level digital roadmaps and
clear performance metrics.

Network and Collaboration Mechanisms

Creating platforms for knowledge exchange—through industry forums, inter-organisational partnerships, or
mentorship programmes—can strengthen leadership competencies. Collaborations also help break silos that
often exist between consultants, contractors, and clients, improving the interoperability of digital strategies
across project lifecycles [20].

Policy and Cybersecurity Awareness

Digital leaders must also be well-versed in governance frameworks, particularly data privacy, cybersecurity
standards, and compliance requirements. As construction projects become increasingly data-driven, ensuring
digital security becomes part of responsible leadership [7].

Exploitation and Application of Digital Innovations

Digital leadership involves the proactive exploitation of existing technologies for new value creation. Leaders
should not only implement but innovate — applying digital tools to solve emerging project issues, whether
through Al-driven risk management or loT-based site monitoring [11].
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The literature reveals that digital leadership is no longer a supplementary trait but a core competency required
for navigating the rapidly digitising construction landscape. Organisational structures, while varying across
organisation types, must enable digital decision-making at the project level. Given the multifaceted
challenges—from skill shortages to financial constraints—cultivating digital leadership demands a strategic,
structured, and policy-aligned approach. This study contributes to this agenda by focusing on practical
strategies to strengthen digital leadership skills among project managers in the construction sector — a critical
step toward sustainable and future-proof project delivery.

RESEARCH METHODOLOGY

This study adopted a quantitative research design to explore effective strategies for enhancing digital
leadership skills among construction project managers. The quantitative approach enabled the collection of
measurable data from a broad sample, suitable for identifying trends, patterns, and statistically significant
relationships [21].

The study utilised a purposive sampling technique, targeting project managers actively engaged in digital-
related decision-making within construction organisations. This method ensured that only respondents with
relevant knowledge and leadership responsibilities were included, thereby increasing the validity of the
findings [22]. A total of 78 project managers from both contractor and consultant organisations in Malaysia
participated in the survey. Malaysia represents a middle-income, developing economy with aspirations to
become a high-income nation. Studying how such economies are tackling digital leadership gaps provides
critical insights into bridging the divide between traditional practices and digital transformation, which may be
more difficult to observe in highly developed countries where digital infrastructure is already mature or
underdeveloped countries which the digital transformations are too far behind.

Descriptive analysis was employed to summarise the mean scores and standard deviations for each attribute
and strategy. To ensure instrument reliability, a Cronbach’s alpha value of 0.89 confirmed high internal
consistency [23].

For inferential analysis, the Kruskal-Wallis test was applied to examine differences in perceptions across
different demographic groups, including organisations type and years of experience. This non-parametric test
was appropriate given the ordinal nature of Likert scale data and the non-normal distribution identified during
the normality test. The data analysis followed a structured process as shown in Figure 2.
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Figure 2 Process of data analysis

This methodology provided a robust and systematic framework to achieve the study’s objective: to explore
methods to equip construction project managers with stronger digital leadership skills. It ensured both the
reliability of the instrument and the relevance of the findings within the construction context.
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FINDINGS & DISCUSSION

The analysis focused on five key strategy categories: (1) training and development, (2) tool implementation,
(3) networking and collaboration, (4) policy and cybersecurity, and (5) innovation exploitation and application.

A. Descriptive Statistics of Strategy Effectiveness

Table 1 displays the mean scores and standard deviations of each digital leadership development strategy. The
mean scores reflect strong agreement across all items, with structured training ranked as the most effective.

Table 1 Mean Scores and Standard Deviations of Strategies

Strategy Mean Score (5.0) | Standard Deviation | Rank
Structured Training and Development | 4.58 0.46 1
Programmes

Implementation of Digital Tools & |4.47 0.52 2
Software

Networking and  Cross-Organisations | 4.43 0.5 3
Collaboration

Policy and Cybersecurity Awareness 4.39 0.48 4
Exploitation  and  Application  of | 4.28 0.59 5
Innovations

Structured training received the highest endorsement (M = 4.58, SD = 0.47), indicating strong consensus
among respondents regarding its effectiveness. This aligns with the findings of [16], who emphasized the
importance of continuous digital upskilling in overcoming technological inertia.

B. Inferential Statistics Based on Respondents’ Background

To test whether perceptions of strategy effectiveness differed based on respondents’ background (e.g.,
organisation types or years of experience), the Kruskal-Wallis H test was conducted for each strategy. The
results are shown in Table 2.

Table 2 Kruskal-Wallis Test Results by Organisation Type

Strategy ¥* Value p-value
Training and Development Programmes 1.732 0.188
Implementation of Digital Tools & Software 4.123 0.042*
Networking and Collaboration 2.031 0.154
Policy and Cybersecurity Awareness 1.276 0.259
Exploitation and Application of Innovations 3.891 0.048*

*p < 0.05 indicates statistically significant differences.
Significant differences (p < 0.05) were found for the following strategies:

o Implementation of Digital Tools & Software (H(1) = 5.83, p = 0.016): Consultant organisations rated
this strategy higher due to their greater involvement in digital design and project integration stages.
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e Policy and Cybersecurity Awareness (H(1) = 4.97, p = 0.026): Contractor organisations emphasized this
more, possibly due to increased exposure to on-site risks and data security vulnerabilities when managing
digital platforms.

These results suggest that strategic focus in digital leadership varies with project roles and responsibilities.
Such insights reinforce [5], who noted the context-dependent nature of digital strategy in construction
organisations. This may reflect consultants’ broader exposure to digital design environments and innovation-
driven mandates, as supported by [9].

C. Strategy Implementation Outcomes

Respondents were asked to evaluate outcomes where strategies were implemented in their organisations. As
shown in Figure 3, the quantitative trends revealed the following:

e Structured training programmes (Mean = 4.58) were associated with increased digital confidence and
higher adoption of BIM practices.

e Implementation of BIM and cloud tools reportedly reduced project delays by 22%o, as noted in follow-
up pilot case indicators.

o Organisations involved in external networking initiatives showed a 31% increase in digital innovation
adoption, particularly in collaborative scheduling and remote team integration.
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Figure 3 Reported impacts of strategy implementation

These data points reflect the practical value of digital tools when properly supported by leadership. The
improvements mirror results from [1], who reported that organisations using integrated platforms like BIM and
Al tools recorded increased project efficiency and stakeholder alignment.

D. Key Insights

These findings indicate a strong awareness of digital leadership strategies but reveal inconsistencies in
execution, particularly in innovation exploitation. While the enthusiasm for AR, digital twins, and loT was
noted, respondents cited limited expertise and cost-related hesitation, echoing concerns raised by [6] about the
maturity gap between technological aspirations and readiness in construction.

In contrast to [3] who emphasized that visionary leadership alone drives digital transformation, this study
shows that structured capacity-building and cross-sector collaboration are equally critical. Notably, the high
mean score for networking and collaboration (M = 4.43) supports [13], who argued that leadership
development in digital contexts is enhanced through knowledge-sharing ecosystems. Furthermore, the
underutilization of digital innovations suggests that policy-level support and demonstration projects are needed
to mitigate perceived risks and validate return on investment. Some key strategies had been extracted from the
analysis:
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Training and digital tool implementation are widely recognised and produce measurable project
benefits.

Strategic perceptions differ between contractor and consultant organisations, underscoring the need for
tailored interventions.

Collaboration and policy frameworks play a vital supporting role in enabling digital leadership.

Gap exists between awareness and application of advanced innovations, requiring stronger support
structures and pilot programmes.

These findings advance the discourse by validating digital leadership strategies through empirical evidence and
situating them within Malaysia’s construction sector realities. They also address literature gaps noted by [10]
on the underrepresentation of digital leadership in construction-focused studies.

Quantitative analysis confirms that while all five strategies are viewed as important, there is variation in
effectiveness across organisation types. Structured training emerged as the most universally supported method,
followed closely by tool implementation and networking. Inferential testing highlighted the need for targeted
strategies based on organisation characteristics, especially in fostering innovation practices. The consistency of
responses further reinforces the industry-wide recognition of digital leadership gaps and the urgency to address
them systematically.

CONCLUSION

This study set out to identify effective strategies for enhancing digital leadership skills among construction
project managers in Malaysia. As the industry undergoes rapid transformation driven by technologies such as
BIM, Al, and IoT, the need for project managers to adopt a more digitally agile leadership style has become
increasingly critical. The research revealed that there is a strong awareness of the need for digital leadership,
but practical implementation remains uneven.

Structured training and professional development programmes are the most effective means of equipping
project managers with relevant digital skills. This was followed closely by the adoption of digital tools and
platforms, which were found to contribute to tangible improvements in project outcomes, such as reduced
delays and more efficient decision-making. The study also highlighted the importance of cross-industry
collaboration, policy awareness, and the ability to exploit digital innovations. However, while interest in
cutting-edge technologies such as digital twins and augmented reality was evident, practical application of
these tools remains limited due to cost, lack of expertise, and organisational inertia.

This research provides a clearer understanding of how digital leadership can be developed in the construction
sector. Additionally, the research offers empirical data in a field where digital leadership in construction
remains under-researched, especially within the Southeast Asian context.

Despite its contributions, the study has several limitations. It focused on a relatively small and regionally
concentrated sample, which may not fully represent the diversity of the construction industry. Moving forward,
construction organisations are encouraged to institutionalise digital leadership training and create an
environment that supports continuous learning, innovation, and inter-organisational collaboration. Future
research should consider broader samples and incorporate qualitative approaches to capture more nuanced
insights into leadership behaviours and organisational dynamics.

In summary, this research successfully achieved its objective by identifying and validating strategic methods to
strengthen digital leadership capabilities among project managers. These strategies, if implemented effectively,
can serve as a foundation for a more resilient, efficient, and digitally empowered construction industry.
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