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SUMMARY: Despite its global relevance, the Australian construction industry has been slow to adopt the digital
technologies underpinning Construction 4.0. In response to growing productivity concerns, national initiatives
have been launched to accelerate digital transformation. This paper supports these efforts by developing a
SWOTframework to examine the determinants influencing Construction 4.0 implementation. Adopting a
qualitative approach, the study draws on 23 semi-structured interviews with architects, engineers, project
managers, and quantity surveyors, each selected for their professional experience and direct involvement in digital
construction practices. Data were thematically analyzed using a two-cycle coding process in NVivo to map findings
to a SWOT framework, ensuring rigour and transparency. The findings reveal that strengths such as enhanced
productivity, collaboration, and design coordination are counterbalanced by weaknesses including fragmented
governance, cost barriers, and workforce skill shortages. Opportunities include workforce diversification,
standardization, and global shifts toward sustainability, while threats encompass cybersecurity, ethical concerns,
and loss of experienced personnel. This comprehensive analysis highlights the internal and external dynamics
shaping Construction 4.0 adoption. The results offer practical insights for policymakers and industry leaders to
support strategic planning, workforce development, and a more coordinated digital ecosystem in the Australian
construction sector.
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1. INTRODUCTION

The construction industry plays a pivotal role in Australia’s economic landscape, contributing approximately 10%
to the national Gross Domestic Product (GDP) and serving as a major employer across diverse sectors (Master
Builders Australia, 2024). Despite this economic significance, the industry has long struggled with persistent
productivity challenges, stemming from fragmented supply chains, short-term project-based approaches, rigid
procurement models, and an entrenched resistance to innovation (Martin and Perry, 2019; Siriwardhana and
Moehler, 2023). This stagnation has prompted a growing consensus among scholars, practitioners, and
policymakers for a systemic transformation through digitalization.

In response, the emergence of Construction 4.0, an umbrella term encompassing advanced technologies such as
Building Information Modelling (BIM), Artificial Intelligence (Al), Internet of Things (IoT), robotics, drones, 3D
printing, and immersive technologies like Augmented and Virtual Reality (AR/VR) has opened new pathways for
improving efficiency, sustainability, safety, and collaboration in construction projects (Siriwardhana and Moehler,
2023). These technologies enable real-time data integration, digital twin environments, off-site prefabrication, and
predictive analytics, supporting leaner workflows and more agile project delivery (Lekan et al., 2020).
Furthermore, Construction 4.0 aligns with global movements toward smart cities, sustainable infrastructure, and
inclusive digital economies (Moshood et al., 2024).

However, despite global momentum and targeted national initiatives aimed at fostering digital innovation,
Australia’s construction industry remains in the early stages of Construction 4.0 adoption, lagging behind
counterparts in Europe and parts of Asia (Levidkangas, Mok Paik and Moon, 2021; Das et al., 2023). Existing
studies point to barriers such as skills shortages, regulatory fragmentation, low digital maturity among firms, and
limited cross-sector coordination (Siriwardhana and Moehler, 2024). The implementation of digital tools has been
isolated, rather than integrated into a coherent transformation strategy (Criado-Perez et al., 2022). While
Construction 4.0 adoption has been explored in multiple global contexts such as China (Wang ef al., 2022), United
Kingdom (Newman et al., 2021), Nigeria (Olatunde et al., 2023), South Africa (Osunsanmi, Aigbavboa and Oke,
2018), the Australian construction industry presents distinct institutional structures, regulatory frameworks, and
market conditions that warrant targeted investigation (Soltani, Maxwell and Rashidi, 2023; Perera, Francis and
Gao, 2025). This focus enables the development of context-specific recommendations, while still drawing on
global literature to situate findings within broader international trends. While various pilot programs and research
initiatives are underway, there remains a lack of clarity on what factors are enabling or constraining the broader
uptake of Construction 4.0 technologies in Australia’s unique institutional and industrial context (Levidkangas,
Mok Paik and Moon, 2021; Siriwardhana and Moehler, 2023; Soltani, Maxwell and Rashidi, 2023). For instance,
Soltani et al. (2023) examined readiness in Australia primarily from industry and academic perspectives, while
Criado-Perez et al. (2022) highlighted digital uptake as isolated and leader-driven. Even though these studies
provide valuable insights into the Australian context, they do not systematically evaluate the broader enablers and
constraints of Construction 4.0 using a structured analytical lens.

To address this gap, this study applies a SWOT (Strengths, Weaknesses, Opportunities, and Threats) analysis to
critically explore the determinants influencing Construction 4.0 implementation in the Australian construction
sector. By offering a balanced view of strengths, weaknesses, opportunities, and threats, the study provides a
comprehensive understanding of the factors collectively shaping digital adoption in Australia. This research
employs a qualitative, industry-informed approach to examine a wide spectrum of internal and external factors
affecting digital transformation. Drawing on semi-structured interviews with a cross-section of industry
professionals including architects, engineers, project managers, and quantity surveyors the study conducts a
comprehensive SWOT analysis to identify patterns and challenges grounded in local practice. Accordingly, the
central research question guiding this study is “What are the key internal and external determinants influencing
the successful implementation of Construction 4.0 in the Australian construction industry?”

This study unpacks the key drivers and barriers to Construction 4.0 implementation to inform strategic planning,
policy, and workforce development. It contributes an evidence-based understanding of Construction 4.0 readiness
in Australia and supports policy-makers, industry professionals, academics, and the wider community in building
a more resilient and future-ready construction sector.

The paper is structured as follows: Section 2 reviews the literature on Construction 4.0 concept and the
determinants of Construction 4.0 in the global context. Section 3 outlines the research methodology, while Section
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4 presents SWOT analysis for the Construction 4.0 implementation in Australia. Section 5 discusses key insights
and implications, and Section 6 concludes with recommendations, contributions, and future research directions.

2. LITERATURE REVIEW

2.1 Construction 4.0

The term Construction 4.0 was first introduced in 2016 by Roland Berger in the report: Digitization in the
Construction Industry: Building Europe’s Road to “Construction 4.0” (Noelling, 2016). Construction 4.0 can be
defined as a collection of inter-disciplinary technologies that digitize, automate, and integrate the entire value chain
of the construction process (Craveiro et al., 2019). Key digital technologies that are considered under Construction
4.0 are Building Information Modelling (BIM), the Internet of Things (IoT), robotics, sensors, and augmented
reality as transformative tools for the construction sector. These technologies are not mere add-ons to traditional
construction practices; rather, they signify a paradigm shift toward a fully digitized, automated, and interconnected
construction ecosystem (Oesterreich and Teuteberg, 2016; de Soto ef al., 2022).

Construction 4.0 draws from the principles of Industry 4.0, applying them to the built environment to enhance
efficiency, reduce costs, and promote sustainability through smarter processes (Siriwardhana and Moehler, 2023).
This transformation involves the integration of artificial intelligence, real-time data, automation, and advanced
analytics across all stages of a project from early design and planning to construction, facility management, and
decommissioning (Du ef al., 2024). While the concept is relatively new, it has gained significant traction in both
academic and industry discourse. Scholars have highlighted its potential to revolutionize construction by fostering
collaboration, improving productivity, and enabling data-driven decision-making (Hashim et al., 2024). BIM, for
instance, has been shown to enhance design coordination and reduce errors, while robotics and 3D printing support
off-site prefabrication and faster project delivery (Chun, Li and Skitmore, 2012; Dallasega, Rauch and Linder,
2018; Moshood et al., 2020). Additionally, technologies like AR/VR improve site visualization and safety training,
and IoT-enabled devices provide real-time insights into site conditions, equipment usage, and material flows
(Srivastava et al., 2022). Therefore, Construction 4.0 is not simply a technological upgrade but a holistic
transformation of the construction industry that integrates advanced digital tools across the project lifecycle to
support sustainability, quality, and competitiveness in an increasingly complex built environment (Heijden, 2023).

2.2 Construction 4.0 determinants in the Global Context

Conceptually, this study employs SWOT analysis, originally developed in strategic management (Andrews and
David, 1987), as a framework to organize determinants of digital transformation. The strength of SWOT lies in its
ability to distinguish between internal capacities (strengths and weaknesses) and external pressures (opportunities
and threats), reflecting systems theory’s emphasis on organizational adaptation to both internal and external
environments (Namugenyi, Nimmagadda and Reiners, 2019). While prior Construction 4.0 studies often remain
descriptive, SWOT provides a structured analytical lens to synthesize technological, organizational, and policy-
related factors into a coherent framework (Jain, Ajmera and Davim, 2022). This theoretical grounding supports a
more comprehensive understanding of how digital adoption unfolds across different contexts.

Globally, the implementation of Construction 4.0 has been influenced by a complex interplay of technological,
organizational, economic, and socio-political factors. This multidimensional nature highlights that Construction
4.0 is not simply a technological upgrade, but a systemic transformation requiring alignment between tools, skills,
institutions, and governance (Siriwardhana and Moechler, 2023). .Studies conducted in diverse geographical
contexts reveal both shared and unique patterns of strengths, weaknesses, opportunities, and threats (SWOT),
which serve as key determinants shaping the course of digital transformation in the construction industry.

One common strength across global studies is the potential of Construction 4.0 technologies to improve efficiency,
collaboration, and project delivery. For instance, the integration of BIM, IoT, robotics, and Al has been shown to
improve stakeholder coordination, real-time decision-making, and design accuracy (Musarat ef al., 2024; Rinchen,
Banihashemi and Alkilani, 2024). In the Malaysian context, practitioners identified prefabrication and BIM as
already yielding productivity and safety gains, especially among larger firms (Musarat ef al., 2024). Similarly, in
Nigeria, Construction 4.0 was found to boost creativity, workforce efficiency, and information transparency
(Adepoju and Aigbavboa, 2020). However, many of these studies adopt a predominantly technological lens,
emphasizing productivity outcomes while offering limited reflection on long-term workforce or governance
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implications. These findings confirm the view that digitalization offers a route to address persistent productivity
and quality challenges in construction a theme repeatedly highlighted in both industry and academic debates.

organizSeveral weaknesses are shared across developing economies and advanced nations alike. A consistent issue
is the shortage of skilled personnel, particularly in emerging technologies such as Al and digital twin platforms;
for example, studies in India and Europe highlight persistent gaps in digital competencies that limit firms’ ability
to scale new tools (Bajpai and Misra, 2022; Heijden, 2023). High initial costs of implementation and limited
standardization across tools and workflows also hinder progress challenges documented in Malaysia and the
Middle East where fragmented adoption increases project risks (Omari ef al., 2023; Musarat et al., 2024).
Fragmented governance structures and a general lack of digital maturity within organizations, especially SMEs,
remain persistent internal barriers in many contexts, as seen in Malaysia (Johari ef al., 2023). While countries such
as the UK and Singapore demonstrate top-down policy-driven adoption, Australia’s case is more fragmented, with
pockets of project-level innovation occurring in the absence of strong national coordination (Levidkangas, Mok
Paik and Moon, 2021). These examples underscore that digital transformation is not a purely technological
challenge but one embedded in organizational readiness and capacity. However, Australia’s challenges remain
underexplored; its decentralized regulatory system, SME-dominated market, and fragmented supply chains create
a distinctive set of weaknesses that require focused investigation beyond what has been captured in global studies.

Internationally, a growing body of work highlights the opportunities digitalization presents for sustainability,
inclusivity, and economic competitiveness. The use of digital twin (DT) technology, for example, has been shown
to enable better monitoring, safety management, and life-cycle cost optimization in contexts such as China and the
UK, where centralized frameworks have driven adoption (Wang et al., 2024). Similarly, several countries view
Construction 4.0 as an avenue to upskill the workforce, enhance gender inclusion, and support new digital job
creation, as seen in Nigeria and South Africa (Adepoju and Aigbavboa, 2020). In Finland and Germany,
Construction 4.0 strategies have been integrated into vocational and higher education systems, providing
institutionalized pathways for upskilling (Maxwell et al., 2023). These examples illustrate how aligning digital
adoption with structured training ecosystems can help mitigate weaknesses in workforce readiness, offering a
useful benchmark for the Australian context where such systems remain fragmented. Digital tools have also been
positioned as mechanisms to track environmental performance and align practices with climate policy targets,
particularly in European markets where regulatory requirements are strong (Rinchen et al., 2024). However, these
opportunities are less clearly realized in Australia, where fragmented governance, uneven investment in digital
infrastructure, and the absence of national mandates slow progress.

Despite these prospects, there are notable threats across global contexts. A frequently cited risk is cybersecurity,
particularly in advanced economies such as the UK and Singapore, where the expansion of cloud-based
collaboration platforms and IoT-enabled infrastructure projects has created vulnerabilities that are often under-
regulated (Eadie ef al., 2013; Singapore Institute of Architects, 2017). In contrast, in developing countries such as
Nigeria and Ghana, studies highlight that the digital divide between urban and rural regions, and between large
firms and SMEs, exacerbates inequalities in access and capability (Ibrahim ef al., 2024; Pittri et al., 2025). Ethical
concerns have also emerged across contexts: in South Africa, worker surveillance linked to digital monitoring
systems has raised labour rights debates, while in Malaysia and China, scholars caution about job displacement
risks as automation increasingly replaces manual roles (Liu, Luo and Seamans, 2024; Maleka, Maidi and Maleka,
2024). However, most of these studies are framed around either developing economies or technologically advanced
jurisdictions. Australia’s case remains underexplored, particularly in terms of how its fragmented governance,
reliance on subcontracting, and uneven cyber maturity may uniquely shape the severity and character of these
threats.

This cross-country SWOT-based analysis highlights the universal appeal of Construction 4.0 for improving
productivity, while also exposing context-specific constraints rooted in policy, infrastructure, and education
systems. However, the literature remains fragmented and largely descriptive, with limited attempts to integrate
technological, organizational, and institutional determinants into a comprehensive framework. This gap is
particularly evident in the Australian context, where existing studies (Criado-Perez ef al., 2022; Soltani, Maxwell
and Rashidi, 2023) offer valuable insights into readiness but do not systematically evaluate enablers and constraints
across internal and external dimensions. Addressing this gap, the present study applies a SWOT analysis informed
by expert interviews to critically map strengths, weaknesses, opportunities, and threats, thereby offering both a
structured analytical lens and an empirically grounded contribution.
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3. RESEARCH METHODOLOGY

This study adopts a qualitative, exploratory research design to identify the strengths, weaknesses, opportunities,
and threats for Construction 4.0 implementation in the current Australian construction sector. Given the
underexplored nature of Construction 4.0 adoption in the local context, a qualitative approach was deemed
appropriate to capture the nuanced perceptions, contextual experiences, and expert insights that cannot be
quantified through standardized instruments (Creswell and Poth, 2018). Data were collected through 23 semi-
structured interviews conducted with Australian construction professionals. The semi-structured format allowed
for flexibility in probing emerging themes while ensuring alignment with core questions informed by the study’s
conceptual framework. A purposive sampling strategy was employed to select experts.Selection criteria included
having at least two years of professional experience, employment in a relevant construction business type (e.g.,
contractor, consultant, design, estimating, or government organization), and an educational or professional
background linked to Construction 4.0 practices. Participants were Quantity Surveyors (5), Architects (5), Project
Managers (5), Engineers (5), and Academic Researchers (3) who were recruited through professional networks
and LinkedIn, ensuring diversity across roles and sectors. The participant details are presented in Table 1. Data
saturation was achieved within this sample, aligning with Guest et al. (2006) who suggest 9—17 interviews are
generally adequate for capturing core themes in purposive qualitative research.

To improve transparency, interview questions were developed from the literature review and piloted with two
academics before fieldwork. Interviews (45—70 minutes) were conducted via Zoom or in person, recorded with
consent, and transcribed. Transcripts were verified by participants (member checking) and anonymized.

Table 1: Details of the interview participants.

Code Profession Organization Experience
PM1 Project Manager Construction Organization 20 Years
PM2 Project Manager Construction Organization 11 Years
PM3 Design Manager Government Organization 22 Years
PM4 Project Manager Construction Organization 2 Years
PMS5 Project Manager Consultant Organization 15 Years
ENGI1 Digital Engineer Consultant Organization 4 Years
ENG2 Structural Engineer Construction Organization 6 Years
ENG3 Engineer Government Organization 17 Years
ENG4 Civil Engineer Construction Organization 25 Years
ENGS5 Structural Engineer Construction Organization 3 Years
ARCHI Architect Design Organization 17 Years
ARCH2 Architect Design Organization 23 Years
ARCH3 Architect Consultant Organization 30 Years
ARCH4 Architect Consultant Organization 8 Years
ARCHS Architect Construction Organization 3 Years
QS1 Quantity Surveyor Construction Organization 20 Years
QS2 Quantity Surveyor Estimating Organization 15 Years
QS3 Quantity Surveyor Consultant Organization 20 Years
QsS4 Quantity Surveyor Estimating Organization 7 Years
QS5 Quantity Surveyor Construction Organization 5 Years
R1 Research Lead (academic) Research Organization 2 Years
R2 Researcher (academic) Research Organization 4 Years
R3 Researcher (academic) Research Organization 2 Years

MO
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Interview transcripts were thematically analyzed using a structured yet flexible coding process to capture recurring
patterns across the dataset. The SWOT framework (Strengths, Weaknesses, Opportunities, and Threats) served as
the primary analytical lens. Commonly used in strategic management, SWOT is a diagnostic tool designed to
assess an organization’s internal capabilities and deficiencies (strengths and weaknesses), as well as external
conditions that could enable or hinder progress (opportunities and threats) (Zima, Plebankiewicz and Wieczorek,
2020). In the context of this study, the SWOT analysis was applied to the broader construction industry, where
strengths and weaknesses were considered internal characteristics of the Australian construction industry, while
opportunities and threats reflected external contextual factors, influencing the broader industry environment. The
SWOT model was customized for the Construction 4.0 context by mapping thematically coded interview data to
the four categories, thereby aligning technological, organizational, and workforce-related insights with internal
and external dimensions. NVivo 14 was used to organize and manage the coding process, enhancing traceability
and analytical rigor (Houghton, Murphy and Meehan, 2016). Coding was conducted in two cycles: an initial open
coding to identify emergent themes, followed by axial coding to map these themes to the SWOT categories. To
enhance reproducibility, transcripts were independently cross-coded by a second researcher, and discrepancies
were resolved through discussion until consensus was reached. . The semi-structured format enabled participants
to elaborate on their professional experiences, surfacing both expected and emergent insights that informed the
final SWOT analysis presented in the findings.

Although SWOT analysis provides a useful diagnostic framework, it is sometimes criticized for its static and
subjective nature (Phadermrod, Crowder and Wills, 2019). To mitigate this, our study combined SWOT
categorization with rigorous thematic coding, and cross-coding by multiple researchers to enhance reliability and
transparency.”

4. SWOT ANALYSIS FOR CONSTRUCTION 4.0 IMPLEMENTATION IN
AUSTRALIAN CONSTRUCTION SECTOR

The analysis of data from 23 participants focused on assessing the current state of Construction 4.0
implementation, identifying strengths, weaknesses, opportunities, and threats (SWOT) to the Australian
construction industry. The findings are detailed below.

4.1 Strengths
4.1.1 Enhanced Productivity & Efficiency

More than 75% of the respondents strongly agreed that Construction 4.0 significantly enhances overall
productivity and efficiency across project stages, particularly in terms of time, cost, and quality. R1 explained that
the housing crisis in Australia could be significantly mitigated by Construction 4.0, which promises to achieve cost
and time efficiencies through advanced technologies. The integration of automation, robotics, Artificial
Intelligence (AI), Augmented Reality (AR), Virtual Reality (VR), and other Construction 4.0 technologies was
consistently noted as transformative. ENG2 explained, “Automation, robotics, and prefabrication can significantly
reduce the time required to complete construction projects,” particularly when deadlines are tight. ARCH1 noted
that “using automation helps cut through a lot of bottlenecks, especially on complex sites.” R2 detailed how
immersive technologies are already delivering value, sharing: “HoloLens has become an amazing tool because
tradespeople would locate these assembled parts more accurately in prefabrication, which enhances the production
quality.” R2 further added that “digital twins and BIM provide a better understanding of the as-built environment,”
which ensures higher accuracy and repeatability across design and construction phases. Agreeing to this, PM2
mentioned that “the ability to automate workflows and capture requirements in real-time creates more accurate
datasets,” reducing the reliance on reactive communication and corrections later in the project. Another major
driver of productivity cited was early design validation. ARCHS described how Lidar technology was used to scan
an underground tunnel shell and feed that data into a 3D model, enabling precise design of structural elements
around real-world conditions. “This reduced paperwork a lot,” they explained, and eliminated arbitrary
interpretation of 2D drawings a recurring issue in traditional delivery methods. Furthermore, some respondents
viewed productivity not just in task performance but in resource optimization. As PM4 stated, “With better data
and better design coordination, we save time, material, and labor. It’s leaner.” According to R3, this cumulative
efficiency across planning, coordination, and execution enables not only cost savings but also higher project
throughput: “If we increase industry output by just 2—3%, we’re talking billions in productivity gains.”
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4.1.2 Better Working Environment

Multiple participants emphasized that Construction 4.0 technologies are reshaping traditional site environments
into safer, more collaborative, and engaging spaces. ENG2, R3, and ARCH2 noted that tools such as BIM, Al, and
AR have significantly improved site coordination and on-site visualization, contributing to better communication
and understanding among stakeholders. As PM3 explained, “With AR goggles, workers can visualize the layout
and placement of components in real-time, facilitating better understanding and precision in construction tasks.”
Additionally, participants highlighted that these technologies reduce the cognitive and physical burden of manual
interpretation and rework. ARCHS noted that “digital modelling eliminates arbitrary interpretations of 2D
drawings, allowing teams to see problems before they occur.” Similarly, R2 described how digital coordination
between prefabricated components and on-site work reduces human error and confusion, streamlining the
installation process. The data also suggests that Construction 4.0 fosters a sense of empowerment and professional
fulfillment. QS4 observed that “the use of smart tools and platforms makes workers feel more in control of their
work and decisions,” which ultimately contributes to job satisfaction and team cohesion. In this regard, ENG4
added, “It's no longer just about laying bricks workers now feel like knowledge contributors in the process.”

4.1.3 Standardization & Real-time Data Management

A prominent strength identified by respondents was the increasing standardization and capacity for real-time data
management enabled by Construction 4.0 technologies. More than 60% of participants acknowledged that
advanced tools like BIM, LiDAR, and digital twin platforms contribute to seamless data capture, improved
workflow visibility, and better project decision-making. ARCH1 explained that these technologies “automate and
improve workflows,” allowing construction professionals to capture real-time task requirements and monitor them
with high accuracy. A recurring theme across interviews was the role of Construction 4.0 in driving information
standardization. QS2 stated, “The consistency in information requirements has improved remarkably. We are
aligning with international standards like ISO 19650, and this is helping bring discipline and traceability across
project phases.” This standardization is increasingly being institutionalized at the state level, with respondents
pointing to policies like the Victorian Digital Asset Policy (VDAP) as key enablers. Furthermore, ARCH4
described how data-rich environments empower more transparent coordination between design and delivery:
“When you're dealing with digital assets and centralized models, you remove a lot of the guesswork from
coordination. It makes it easier for teams to align, especially when we have to hand over to facilities management.”
Overall, the integration of real-time data capabilities and standardized information protocols is positioning
Australia’s construction sector to make better-informed decisions, reduce rework, and ensure higher quality
control.

4.1.4 Waste Minimization & Sustainability

Over half of the respondents highlighted how advanced technologies enable more precise resource allocation,
reduce material surplus, and limit errors that typically result in costly rework. These efficiency gains contribute
directly to sustainability, productivity, and environmental compliance in the Australian construction sector. PM4
underscored the sustainability aspect, stating, “By optimizing resource use and enhancing precision in construction
processes, these technologies contribute to more sustainable practices.” Similarly, R2 noted that “This not only
aligns with global environmental standards but also positions the Australian construction industry as a leader in
sustainable building practices.” Several participants linked waste reduction to specific technologies. ARCH3
explained, “Automation, robotics, and prefabrication can significantly reduce the time required to complete
construction projects. This is especially advantageous when projects have tight schedules or deadlines.” The
streamlined sequencing of off-site manufacturing, supported by BIM-enabled coordination and digital prototyping,
was repeatedly cited as a key driver of material efficiency. ENG5 emphasized the role of data-driven planning,
noting, “When we embed data into our BIM models and simulate construction ahead of time, we reduce a lot of
unnecessary trial-and-error. Less guesswork means less waste.” Similarly, ARCH4 pointed out how the ability to
detect clashes and design conflicts early through AR/VR and 3D visualization avoids physical errors that would
otherwise result in demolition and rebuilding.

4.1.5 Better Skills for the People

The potential of Construction 4.0 to elevate workforce capabilities was identified by more than half of the
respondents as a key strength. Participants frequently emphasized that digital transformation fosters upskilling,
drives professional development, and redefines traditional construction roles in more empowering and future-

ITcon Vol. 30 (2025), Siriwardhana et al., pg. 1559
BY



focused ways. R2 articulated this shift clearly, stating, “The implementation of these technologies will allow for
better skills for the people involved in the projects,” reflecting the belief that digital tools not only streamline tasks
but also enhance individual agency and career growth. QS4 echoed this sentiment, highlighting that unlike
traditional roles that focused heavily on manual labor and repetitive tasks, Construction 4.0 encourages workers
to develop analytical, data-driven, and collaborative competencies: “Construction 4.0 requires new skills to utilize
advanced digital tools, resulting in a significant shift in skill sets.” Importantly, multiple respondents recognized
that these technologies are creating new entry pathways into the industry. QS2 noted that technology “opens up
avenues for people with more diverse skills not just physical strength, but also coordination, digital
communication, and data interpretation.” This suggests that Construction 4.0 could help modernize the industry’s
image and make it more inclusive for emerging talent pools. The transformative effect of these skill shifts also
extends to enhance the confidence among workers. As ENG2 described, “These tools help workers make decisions
themselves. They don’t have to wait on others to direct them. They can follow digital models and know exactly
what to do, which builds confidence.” Such changes point toward a less hierarchical, more knowledge-empowered
workforce. Respondents also saw a broader cultural shift in how skill development is viewed. Rather than viewing
learning as a one-off or top-down initiative, Construction 4.0 demands continuous learning embedded in daily
work. As ENG3 observed, “Digital engineering is not just a course you do. It’s a new way of thinking and working.
And we need people who are ready to evolve with that.”

4.1.6 Enhanced Collaboration

Enhanced collaboration emerged as a widely recognized strength of Construction 4.0, with numerous respondents
emphasizing how digital technologies enable more integrated, communicative, and coordinated project
environments. PM3 described as “BIM creates a common ground for architects, engineers, quantity surveyors,
and builders to communicate. Everyone is working off the same model, which reduces confusion and speeds up
decisions.” This interoperability was especially valued in a fragmented industry like Australia’s, where
subcontracting and siloed processes have historically hindered integration. The collaborative value of AR/VR tools
was also emphasized. ARCH4 reflected, “With VR, you can walk the client, the engineer, and the contractor
through the building before a single wall is built. It opens up discussions that wouldn’t happen until late in
traditional methods.” Such immersive tools facilitate early design alignment, reducing costly rework and fostering
more inclusive decision-making as per ENG2. Several respondents pointed out that Construction 4.0 tools also
improve downstream collaboration, particularly during site execution and handover. ENGS emphasized that digital
platforms help standardize communications across different contractors: “We’re no longer relying on emails and
phone calls. Everyone can access the latest drawing or model version on the cloud. It cuts down misunderstandings
and delays.” This standardization is especially critical in large, multi-tiered projects with distributed teams. Beyond
technical coordination, digital collaboration was linked to improved stakeholder relationships. R3 remarked,
“There’s more transparency with clients now. We can show them updates in real-time, and that builds trust.”
ARCH3 added, “Clients now feel like partners rather than outsiders. They can visualize, comment, and make
informed decisions.” The collaborative shift also had implications for internal culture. ENG2 noted that digital
technologies “flatten team structures. A younger engineer with better software skills can lead certain conversations.
That changes the power dynamics in a good way.” Construction 4.0, therefore, not only enhances inter-
organizational collaboration but also supports a more empowered and participatory workplace culture.

4.1.7 Design Coordination

Respondents emphasized how digital technologies like BIM, AR/VR, and Digital Twins support real-time
visualization, clash detection, and collaborative planning, leading to more integrated and constructible design
outputs. Several architects and engineers emphasized the advantages of 3D visualization tools for improving
design intent and on-site constructability. ARCH4 stated, “When you're designing in software, you need to know
how engineers and trades are going to build your design on site. Seeing it in 3D helps you appreciate the challenges
they might encounter.” ENG3 reinforced this, highlighting how Construction 4.0 technologies assist in clash
detection: “We can identify overlaps between structure and services early. It prevents structural weaknesses and
saves time later on.” Respondents also emphasized the role of BIM in promoting interdisciplinary coordination.
PMI1 noted, “It’s no longer about individual drawings from each consultant. BIM creates a single model that
everyone updates and reviews, which helps manage interfaces across architecture, MEP, and structure.” This
shared environment not only improves coordination but also reduces disputes and improves buildability. Moreover,
respondents acknowledged that digital design coordination contributes to a more robust quality assurance process.

@ @ ITcon Vol. 30 (2025), Siriwardhana et al., pg. 1560
BY



As QS3 shared, “The ability to simulate the construction process in software means we’re finding issues that would
otherwise show up on-site. That’s a huge gain for safety and quality.”

4.1.8 Client Satisfaction

Client satisfaction emerged as a notable strength of Construction 4.0. QS2 highlighted how these technologies
have transformed the client experience, stating, “Clients now get a clear understanding of the outcome well before
construction begins. This reduces scope creep, last-minute changes, and ensures the project runs more smoothly.”
Similarly, ARCH4 remarked, “The use of BIM and AR enables clients to visualize their buildings in full detail. It
gives them confidence that what they’re seeing is what they’ll get. It’s changed the way we present and discuss
design.” Multiple participants also noted that Construction 4.0 technologies improve trust between clients and
project teams by enhancing transparency. ARCH2 explained, “When a client can walk through their building in
VR and see changes in real time, it builds credibility. They feel involved rather than excluded.” This proactive
engagement not only strengthens client relationships but also fosters faster approvals and fewer design disputes.
Moreover, ARCHI shared that digital models reduce miscommunication by creating a shared visual platform.
“We’re no longer translating architectural jargon. We’re showing them exactly what’s going to be built. That helps
in managing expectations and avoids unnecessary rework.” Another important aspect discussed was the ability to
simulate timelines, cost scenarios, and sequencing, which supports more informed decision-making for clients.
ENGI1 pointed out, “With 4D and 5D simulations, clients can see how long activities take and what each design
choice costs. That kind of foresight was never possible with traditional drawings.” In addition, QS5 emphasized
the role of Construction 4.0 in demonstrating value-for-money to clients. “Digital reporting tools now allow us to
provide better tracking of project milestones, cost-to-date, and performance indicators. Clients appreciate that level
of accountability.”

4.1.9 Project-Level Control and Flexibility

Participants found Construction 4.0 particularly effective at the project level, allowing faster adoption, better
oversight, and flexible experimentation. One noted, “It’s easier to implement at the project level... with fewer
stakeholders, we can show real return on investment.” This flexibility is a practical strength when broader
organizational change is difficult.

4.2 Weaknesses
4.2.1 Lack of Government Support

A recurring weakness identified by participants is the insufficient government support for Construction 4.0
implementation in Australia. This includes a lack of national policy, limited standardization, and fragmented
governance. As ARCH3 explained, “We have different states, and the professional bodies we have are also
regulated at the state level, not at the national level.” He further explained “this fragmentation stands in contrast
to countries like Norway or the UK, where unified strategies such as mandated digital deliverables and national
training boards have accelerated digital adoption.” ENGS5 also remarked on the lack of financial incentives, noting
that “There are no grants for training or setting up Construction 4.0 technologies. It’s something companies have
to do themselves.” This absence of centralized funding and guidance places a disproportionate burden on smaller
firms, slowing industry-wide transformation. R2 reinforced this view, arguing that “Government should drive this
change, otherwise it will be sporadic and slow.” Without strong policy mandates or regulatory alignment, Australia
risks falling behind in global Construction 4.0 competitiveness. Stakeholders see this as a core systemic barrier
requiring immediate attention to unlock broader adoption across the sector.

4.2.2 Lack of Specified Skills

One of the most widely echoed weaknesses across interviews is the shortage of Construction 4.0-specific skills
within the Australian construction workforce. Respondents consistently reported that many workers and managers
are not equipped with the knowledge or capabilities needed to operate advanced technologies such as BIM, drones,
digital twins, Al-based tools, or loT-integrated systems. PM2 noted, “It requires an entirely different skill set from
what they typically employ.” ENG2 claborated, explaining that many professionals simply “don’t have the
necessary skills to effectively use new technologies.” This gap is not limited to tradespeople; even within digital
engineering teams, firms are struggling to recruit qualified individuals. ENG3 shared a critical observation: “We’re
struggling as an organization to really find good people to actually implement and manage this on our behalf with

@ @ ITcon Vol. 30 (2025), Siriwardhana et al., pg. 1561
BY



all of our contractors.” Another respondent, QS4, expressed concern about the industry’s ability to meet growing
digital expectations: “Not enough people understand digital workflows, so even if the tools are available, we can’t
take full advantage of them.” This shortage directly affects Construction 4.0 implementation efforts. Without the
right competencies in place, organizations are unable to scale up digital practices, often reverting to traditional
methods as per ENG 3.

4.2.3 Lack of Training

Closely related to the skills shortage is the lack of structured training pathways for Construction 4.0, which
respondents highlighted as a major barrier to successful implementation. While technologies such as Al, IoT, BIM,
and drones are being increasingly introduced, the construction workforce is largely unprepared to adopt and apply
these tools due to fragmented and inadequate training infrastructure. Several interviewees expressed frustration
over the absence of industry-specific training programs. ENG3 stated, “There’s not enough people actually
thinking about how to apply big data, drones, and IoT in the construction industry specifically and manage that on
a day-to-day basis.” R2 emphasized that “there’s no consistent set of skills or training development programs to
give people a standard level of understanding.” This inconsistency has made it difficult for both employers and
employees to know what knowledge or capabilities are expected when transitioning into digital roles. Cost, time,
and availability further complicate the issue. PM4 pointed out that “the heavy workload of staff means they don’t
have time to attend training sessions.” QS1 highlighted a motivational problem as well: “We’re not being paid to
do it, or they’re not guaranteed they’re going to get work out of it at the end. So why would they invest their time?”
Moreover, ENGS stressed that even university education is lagging behind, stating, “Our conventional engineering
courses need to be revamped. They’re not preparing graduates for this digital future.” As a result, the industry is
faced with both a lack of upskilled existing staff and an incoming workforce that is not adequately trained for the
technologies expected of them.

4.2.4 Cost Barriers

The high cost of implementing Construction 4.0 technologies emerged as a significant and recurring weakness
across participants. Respondents described the financial burden as a major deterrent for both large contractors and
especially small to medium-sized enterprises (SMEs), who often lack the capital or incentive to invest in new
technologies. PM1 emphasized the cost dilemma: “Unless it’s required by the client, and it’s part of the scope, then
no one will use them. If they add AR/VR for any project, due to the high implementation cost, they’ll lose
competitiveness and lose the job.” This reflects a pervasive tension between innovation and economic survival in
a market driven by tight margins. ARCHS5 pointed out that “software and hardware are still very expensive,” and
added that many smaller firms are unlikely to afford these investments without external support or mandates. QS2
shared a similar concern, explaining, “We’re under constant pressure to work profitably. It’s hard to justify
expensive tech that doesn’t show a guaranteed return.” ENG4 described the technologies as “capital intensive,”
while QS5 called for government-backed incentives or grants to support firms that want to innovate but are held
back by financial constraints. Beyond upfront costs, participants also mentioned indirect and ongoing expenses,
such as licensing fees, training programs, and system maintenance. QS1 and ENG3 both noted that even if
companies purchase digital tools, the cost of bringing employees up to speed or hiring external consultants can be
prohibitive. In ENG3's words, “Even if you buy the software, you still need to invest in people to run it and that
adds up quickly.” This cost barrier not only inhibits technology adoption but also reinforces existing inequalities
between larger contractors with deeper resources and smaller players struggling to remain viable.

4.2.5 Lack of Awareness

A widespread lack of awareness and digital literacy among industry professionals was repeatedly identified as a
major weakness obstructing the implementation of Construction 4.0 in Australia. Participants emphasized that
many practitioners, especially at the mid- and lower-levels of the construction workforce, are not fully aware of
what Construction 4.0 entails, let alone how to harness its potential. ARCH1 highlighted this gap, stating, “Locally,
the maturity level and the understanding of them [Construction 4.0 technologies] is very low.” ENG2 supported
this concern by pointing out that, “While the benefits of prefabricated construction are now clear because we’ve
done enough of those projects, for Construction 4.0 technologies it’s still too early we haven’t realized the benefits
yet.” Several participants also mentioned that this uncertainty and ambiguity about the value of digital technologies
makes it difficult to secure internal buy-in. As PM2 explained, “Most organizations are still focused on the day-
to-day operations. There’s little time or interest in thinking about long-term tech integration.” This short-term
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mindset, driven by commercial pressures and project deadlines, deprioritizes future-focused strategies like
Construction 4.0. Furthermore, the lack of quantifiable success stories contributes to this hesitation. ENG2
remarked, “It’s hard to convince anyone to use a technology when there’s no data yet to prove that it works better.
In five years, maybe we’ll know, but right now, we don’t.” This view suggests that Construction 4.0 is still seen
by many as experimental, lacking the proven track record needed to shift entrenched practices. Finally, respondents
like ARCH4 and QS5 warned that even when firms adopt some digital tools, “they’re not always used to their full
capability,” often due to poor understanding of their functions and benefits. This partial adoption leads to
superficial implementation without strategic impact.

4.2.6 Resistance to Change

The resistance emerged as a prominent barrier to the adoption of Construction 4.0, cutting across all levels of the
Australian construction industry from the workforce to upper management, client bodies, and even professional
institutions. ENG?2 observed that “the biggest barrier is cultural, people are afraid of losing their jobs,” noting that
both workers and managers view digital technologies as threats rather than enablers. This was echoed by ARCHS,
who explained, “Human beings are naturally protective of our own interests. Anytime we feel threatened by
something new, we resist it.” These concerns about job displacement especially due to automation, Al, and robotics
create psychological barriers that hinder openness to new tools and processes. At the organizational level,
respondents identified an entrenched reluctance to challenge traditional processes. PM2 elaborated on resistance
from client organizations, stating, “Building owners are not willing to pilot new ways of working. They’re
confident in the old ways because they know how to cost and manage those.” Clients’ demand for traditional
outputs like drawings, despite expressing interest in smarter solutions, further complicates innovation. ARCH3
reinforced this by adding, “Clients still expect drawings as the contractual deliverable. That slows everything
down.” Additionally, some respondents pointed to management-level resistance due to fears of losing control or
proprietary advantage. ARCH2 explained that large contractors sometimes hesitate to share technology-related
practices out of concern for protecting intellectual property and market differentiation. This contributes to a
fragmented digital ecosystem where knowledge is siloed rather than shared. Crucially, respondents emphasized
that this resistance is not solely structural but psychological. R1 stated, “If you don’t feel confident with the tools,
or you don’t feel safe trying something new, it’s easier to stay with what you know.” Without a concerted effort to
support cultural transformation through leadership, communication, and recognition of early adopters Construction
4.0 implementation risks stagnation at both project and industry levels.

4.2.7 Fragmentation of the Industry

PM4 emphasized that “Australia has a tendency to subcontract everything out because they don’t want to be liable,”
explaining that this results in a patchwork of firms each using their own tools, workflows, and systems which
hinders the seamless integration of Construction 4.0 technologies. Rather than operating within a unified digital
environment, different contractors and consultants use incompatible software systems, making coordination a
substantial challenge. ENGS5 elaborated on the technical implications of this fragmentation: “Different versions of
software are not always compatible. We end up redrawing or downgrading to match older versions, which negates
the benefits of the original model.” This results in inefficiencies, duplicated work, and a loss of valuable data,
particularly when multiple stakeholders contribute to the same project using disconnected platforms. R3 added
another layer of concern by highlighting interoperability issues: “Even when tools are supposed to be interoperable,
data gets lost in translation some parameters disappear during transfer and we don’t realize it until it's too late.”
These inconsistencies in data handling not only slow down workflows but also undermine trust in the reliability
of digital systems. Respondents also noted that supply chains remain disconnected, with QS5 stating, “Our supply
chain hasn’t invested in digital systems. Even if we want to use these technologies, we can’t fully leverage them
because our suppliers don’t have the capabilities.” This disconnect creates further bottlenecks, especially when
trying to implement BIM-integrated procurement, prefabrication, or digital twin technologies that rely on
synchronized contributions from all parties involved.

4.3 Opportunities

4.3.1 More Facilitation for Females

The implementation of Construction 4.0 presents a significant opportunity to create a more inclusive environment
for females in Australia, as emphasized by several respondents. QS2 highlighted that advanced technologies could

@ @ ITcon Vol. 30 (2025), Siriwardhana et al., pg. 1563
BY



facilitate roles that are less physically demanding and more digitally focused, making the construction sector more
accessible and appealing to women. This was echoed by ENG3, who noted that prefabrication, robotics, and digital
modeling “allow more control to be shifted off-site, creating opportunities for diverse participation in a factory-
based environment that’s safer and less physically intensive.” R1 explained that leveraging such technologies not
only enhances operational efficiency but also promotes gender equity by providing equal access to emerging roles,
stating, “The more technology is implemented, the more facilitated it would be for especially female workers. it
balances things out.” Several participants pointed out that Construction 4.0 can contribute to reshaping traditional
gender norms in construction, aligning with broader societal goals of equality and inclusion. As R1 further
emphasized, “this move aligns with broader social goals of gender equality and inclusivity, enhancing the
industry's reputation and appeal.”

4.3.2 Regularized Industry

The implementation of Construction 4.0 in Australia offers a transformative opportunity to regularize the
construction industry by promoting standardization, consistency, and accountability across fragmented systems.
Multiple respondents identified the lack of unified rules, procedures, and regulatory oversight as a key barrier in
Australia, with ENGI observing, “The Australian construction industry is not mandated any rules and regulations
yet for Construction 4.0 technologies.” ENG4 further noted, “The application of these technologies necessitates
certain standards and regulations, which can help make the industry more structured and regulated.” This
regulatory gap presents a critical opportunity to embed standardized processes across design, construction, and
asset management, particularly through the adoption of digital deliverables such as BIM, data dictionaries, and
digital twins. PM5 added that establishing such frameworks can help “drive digital maturity and improve quality
assurance across project lifecycles.” The opportunity becomes even more compelling when viewed in the global
context. Countries like the UK and Singapore were frequently referenced by respondents as benchmarks. ENG3
noted that in Singapore, “regulations mandate digital deliverables at project handover, including BIM and as-built
models, which enforces digital workflows across the board.” In contrast, Australia's decentralized, state-by-state
governance approach has limited industry-wide coherence. ARCH3 explained, “Unlike the UK’s Construction
Industry Training Board, our professional bodies are regulated at the state level not nationally so a unified push is
harder.” Thus, Construction 4.0 provides a strategic window to introduce industry-wide digital policies, unify data
standards, and streamline regulatory expectations. As ENG2 concluded, “This is our chance to finally have a
standardized construction ecosystem in Australia one that aligns with global best practices and prepares us for a
fully digitized future.”

4.3.3 Job Opportunities

More than half of the respondents emphasized that while digitalization might transform or replace certain
traditional roles, it will simultaneously open up new employment avenues that demand a different set of technical,
managerial, and digital competencies. ENG1 clearly articulated this point, stating, “For every carpenter you
remove, you're actually creating more roles on the other side. There are more people producing models and other
information. You still need technicians managing all of these inputs. It’s not job loss-it’s job reallocation.” This
viewpoint reflects a broader belief that Construction 4.0 will not diminish the workforce but rather diversify it,
with emerging roles in areas such as digital engineering, Al operations, BIM management, big data analytics, drone
operation, and IoT system coordination. Several respondents highlighted that these roles also demand higher-order
cognitive and technical skills, which can uplift the status and earnings potential of construction careers. QS5 noted,
“The industry is shifting towards digital workflows, and that creates demand for professionals who can operate Al
tools, generate and interpret digital models, manage robotic equipment, and work with real-time data analytics.”
R2 added that the shift to off-site manufacturing and prefabrication models also introduces new technical roles in
factory-based environments, which are often safer and more appealing to a broader demographic. Importantly,
respondents viewed this shift as an opportunity to enhance the attractiveness of the construction industry, especially
among younger generations and those with digital inclinations. As PM2 stated, “The next generation doesn't want
to do physical labour. But if we can show them that construction has roles in tech, modelling, drones, and Al,
they'll see a future here.”

4.3.4 Work-life Balance

Construction 4.0 presents a promising opportunity to improve work-life balance and overall wellbeing in the
construction industry. Several respondents emphasized that the adoption of digital tools enables more flexible,
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remote, and efficient work arrangements. ARCH3 summarized this by stating, “It’s about work-life balance. You
know, it’s providing greater safety.” This reflects how digital tools not only reduce time spent on-site but also
create safer and more manageable working environments. PM4 offered a clear example of this shift in project
management practices: “The ability to monitor and manage projects remotely allows us more flexible working
hours, reducing the stress associated with traditional, on-site construction roles.” Similarly, ARCHS5 noted that
improved digital communication and coordination can reduce unnecessary rework and site visits, contributing to
a better distribution of workload and smoother workflows. Furthermore, several participants emphasized that
improved wellbeing may also boost job satisfaction and workforce retention.

4.3.5 Innovation and Experimentation

Construction 4.0 offers a unique platform for increased innovation and experimentation across the Australian
construction sector. Respondents emphasized that the evolving technological landscape enables organizations and
project teams to trial, refine, and adopt novel methods, tools, and workflows that were previously inaccessible or
considered too risky under traditional practices. One respondent highlighted the role of Construction 4.0 in
promoting a more experimental mindset, especially at the project level: “It’s easier to implement a project-level
change in construction than it is at an organization. The right team of people allows for doing new things within
your control, without needing to convince as many stakeholders.” Furthermore, technologies like AR/VR, robotics,
and digital simulation were cited as creating low-risk environments to prototype and simulate construction
processes.

4.4 Threats
4.4.1 Ethical Consideration

Ethical concerns surrounding the use of Construction 4.0 technologies were identified as a prominent threat by
several participants, particularly those engaged in research and digital experimentation.R1 emphasized the
emerging risks, stating:

“You have to be conscious of the ethical side of it since you collect a lot of data using these technologies. Who
you're collecting data from, how they're going to be affected, and how you use the data can impact the wider
community.” This underscores the complexity of data ethics in a construction environment increasingly mediated
by IoT, drones, digital twins, and Al-driven monitoring systems. R2 further added, “This is something that's
massively lacking at the moment. We don’t yet have the robust structures in place to manage this kind of data
properly.” ENG2 explained that the collection and utilization of vast amounts of data through Construction 4.0
technologies raise questions about privacy, consent, and the potential misuse of information. As R1 emphasized,
the industry currently lacks robust mechanisms to address these ethical concerns, which could become a major
threat in the future.

4.4.2 Loss of Experts and Knowledge Base

Another critical threat identified in the analysis is the risk of losing experienced professionals who struggle to
adapt to Construction 4.0 technologies. Respondents highlighted that the rapid digital transformation of the
industry is widening the gap between emerging digital practices and the capabilities of older, experienced workers.
PMS5 noted the gravity of this issue“This loss of seasoned professionals, who possess invaluable experience and
expertise, poses a substantial risk to the sector's knowledge base and operational continuity.” ENG4 further
explained, “When our older, well-experienced workforce leaves, we lose a wealth of knowledge that is difficult to
replace and may face difficulties in mentoring the younger workforce.”

This indicates that Construction 4.0 adoption is not only a skills issue but also a generational transition challenge,
where the valuable tacit knowledge held by senior professionals risks being lost without adequate mechanisms for
knowledge transfer.

4.4.3 Cyber-security Risks

Multiple respondents expressed concern about the industry's preparedness for cyber-security risks, particularly
given the expanding use of interconnected systems, big data analytics, IoT devices, and cloud-based platforms.
PMS5 warned:“The more we rely on these technologies, the more exposed we become. If there's a breach, it can
shut down entire project operations.” Similarly, R3 elaborated on the real-world implications of such threats:
“We're dealing with integrated infrastructure systems big data, remote monitoring, and automation. If these
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systems are compromised, the cascading disruption can be massive.” The data also shows that cybersecurity is
often underprioritized in the planning phases of digital implementation. As QS4 observed, “Cybersecurity just isn’t
something most construction companies are currently equipped to handle. It's not part of the training, and there’s
a perception that it’s an IT issue, not a construction problem.” This narrow framing creates a blind spot in
organizational risk strategies, especially since many SMEs lack both the infrastructure and awareness to deploy
adequate cybersecurity measures. Additionally, interoperability between various software platforms (a known
challenge in Construction 4.0 adoption) can create weak points in the digital ecosystem, making it easier for
attackers to exploit system vulnerabilities.

Error! Reference source not found. provides a visual summary of the key findings from the SWOT analysis of
Construction 4.0 implementation in the Australian construction sector. The left side of the figure highlights internal
strengths, such as enhanced efficiency, real-time data management, waste minimization, improved skills
development, and better collaboration and client satisfaction supported by direct stakeholder quotations. The
weaknesses column on the right outlines critical barriers, including lack of skilled workers, insufficient training
infrastructure, high costs, and fragmented governance structures, with rich qualitative insights from participants.
At the bottom, opportunities such as gender inclusion, industry standardization, digital job creation, and work-life
balance reflect potential benefits if these technologies are strategically scaled. Finally, threats including ethical
risks, cybersecurity vulnerabilities, and loss of experienced personnel underscore emerging challenges that could
undermine long-term success if not proactively addressed.

5. DISCUSSION

This study investigated the determinants of Construction 4.0 implementation in Australia using a qualitative
SWOT framework. The findings reveal that while digital transformation is gaining traction at the project level,
systemic constraints persist at the organizational and industry-wide levels. Similar to global trends, Construction
4.0 in Australia is recognized for its potential to enhance efficiency, collaboration, and project quality, particularly
through technologies like BIM, A, AR/VR, and digital twins. This aligns with studies from the UK, Singapore,
and Malaysia that report improved productivity, better design accuracy, and stakeholder engagement as early
benefits of digital integration (Dallasega, Rauch and Linder, 2018; Musarat et al., 2024; Rinchen, Banihashemi
and Alkilani, 2024). However, the Australian case emphasizes the growing sense of worker empowerment,
autonomy, and job satisfaction resulting from digital engagement; a nuance less commonly explored in
international studies, which often center on organizational or economic outcomes (Chun, Li and Skitmore, 2012;
Moshood et al., 2020)

A unique contribution of this study is its identification of project-level innovation as a key enabler. Despite the
absence of a strong national policy framework or mandated digital standards, construction professionals in
Australia are finding ways to integrate technologies within localized project environments. This bottom-up
approach contrasts with countries like the UK and Singapore, where top-down regulatory mandates and centralized
funding have created more cohesive digital ecosystems (Levidkangas, Mok Paik and Moon, 2021) In Singapore,
for instance, digital deliverables like BIM and digital twin models are required at handover, accelerating the digital
maturity of the sector (Southeast Asia Building, 2025). Australia's decentralized state-based system, by contrast,
lacks alignment in digital standards and incentives leading to fragmented adoption pathways.

This fragmentation is not merely institutional but also technological. Respondents simultaneously praised
technologies such as BIM and cloud-based collaboration platforms for enhancing coordination, while complaining
the broader fragmentation of the Australian industry. Subcontracting practices, incompatible software versions,
and disjointed supply chains were cited as barriers that impact the potential gains of Construction 4.0. This dual
dynamic collaboration as a project-level strength, fragmentation as an industry-level weakness is particularly
pronounced in the Australian context. It reflects a misalignment between technological capabilities and the
structural makeup of the industry, echoing findings from Johari et al. (2023), who noted that organizational silos
and lack of interoperability are global hindrances to digital transformation considering a case from Malaysia,
especially in regions without unified digital roadmaps.

@ @ ITcon Vol. 30 (2025), Siriwardhana et al., pg. 1566
BY



+“HoloLens provide huge benefits', "W .
1. . . . We're struggling as an
\ in locating the assembling parts } organisation to really

H \ X -

e\ inprefabrication” (R2) - :

E - - + find good people (ENG3)
\

it needs a different skill set to wha,
they typically use to the Australian
\ industries” (PM3) &

“People get the
ability to do new
things with new

"
]
"
"
.

eeea

skills under their . i Semessssssscssapesesatiosaaaas
own control (R2, R et
Enhanced efficiency and S Lack of necessary skills I."'r'ndusrry specific trainings are",
productivity I r K — ] H lacking for these E
! automate and improve % Frommmmmrmmstte L the heavy workload of Lack of training ! fes”-QS2 /s
L] . il L] . 2. M
\ workflows, to capture real- | | Better skills for the \ “robotics, and 1| i staff means they don’t . o . \
E time task requirements and : people E Automation can E E have time to attend | !"d‘ slbens H the depth in the supply market to',
! monitor them with high E ' significantly 5 ! training sessions (PM4) } infrastructure : be af:lrfe to leverage somelof t.h.e E
:‘ accuracy (ARCH1) : Management of real E reduce the time . A - : supplies due to the unavailability '
time data ' required to T TEenEer Resistance to change '.Dfnecessary
: complete HE TTTTTN Lack of awareness Ry Ty i AN
! resource use Waste minimization : P . Since it's new, clients are‘: H Wf)rkers and‘manfigement ari S
 eesesscscssasnas _ ¢+ construction o _ H ) fearing on the job displacement”-
; ' : and e < ! projects when not willing to pilot new ! |Cost consuming - N
! “the use of smart . '\ enhancing i rwerking ' . ways of working H
. [ . environment i there are tight o . 't Ab: f standard N
+ tools and platforms | 1 precision ' time schedules” confident in the old ' sence of standards K “across both industry and
 makes workers feel i PV, Design coordination ' ' H P , H
¢ more in control of ! oo : (ENG2) /| | Fragmentation of the . ﬂrgamzar;onz;.m ;‘:’E benefits of
H H . i i ' ey . H construction for man H
 theirwork and | Client satisfaction fresessssiseaees ustry ™y |[|industey \ technologies (R2) y :
i decisions(QS4) D + we're a long way behind | Lack of 5 SresssssssssesTieesestenans -’
. ! \ because we don’t have + < ng\wernrnen
L ——" P H v s
¢ “Clients get a better ~, \ necessary standards to } PRo S .
s donE e ARV \ understanding through | E force the clients to apply E ¢ “advantages that we can get out '
. . 1 . . H o - seeslaa e, d i i '
i BIM technologiesto : these models since they ¢ : these technologies”- ! | sthe professional bodies wes, '-!‘ of ”5‘";% :hif‘nif;:;‘?;‘;%ﬁ are :
\ identify the issues of the | . don't have much E - . [PM3_ARCH2,Q52) .- 1 have are also regulated at .. a o
! roject at the very early | { technical knowledge™- | D e
: design stage, then that E .ol (ARCHA) E environments can’t be E . I b Rl e
' will be @ huge problem in ' '-_ implemented”-PM2 Pl TTEmmmmmmemese. :' ”_ﬂhey add AR/VR for any project, |
' the construction E E “There are a lot of | 4 due to this high implementation i
H ” H
Mmeeed stage’PM3_ . -~ 1 players that needs H E cost they will loss the '
E to be connected | + competitiveness and loss the job” i
1 tomake thisa i ". (P1, P2) K
success™-R2 ! Memessssesccccasssssssasaes®
. .
“Implement more technology would ‘: More facilitation for " You have to be conscious of .'.

’
Ethical considerations I + the ethical side of it since you E
__ 1 collect a lot of data using !
Cyber-security Risks 'I_ ', these technologies (R1) !

give more equal opportunities to both EI females
female and male workers”-PM4  }

Regularized industry

Job opportunities P RS DR L LSS LR Loss of experts
“The ability to monitor and
manage projects remotely
allows us more flexible
working hours (PM4)

v
\finally have a standardized
i construction ecosystem | Work-life balance I.

s

:' Cybersecurity just isn’t something
E maost construction companies are
s, currently equipped to handle (Q54)

{ Experts who have lot of experience will leave the jobs".
! with the failure to be adopted (PM5, ENG4) _-'

SRS R R e -t

‘.

Figure 1: Summary of SWOT analysis.
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Further comparison with global research reveals recurring themes in weaknesses. The skills and training deficit is
a well-documented constraint internationally, particularly in relation to emerging technologies like Al IoT, and
data analytics (Bajpai and Misra, 2022; Heijden, 2023). Australia mirrors this challenge, with participants
emphasizing the lack of formalized training pathways, underprepared graduates, and insufficient investment in
continuous upskilling. Unlike contexts such as Finland or Germany, where Construction 4.0 strategies are
integrated into vocational and higher education frameworks (Maxwell et al., 2023), Australia's training landscape
remains fragmented, often dependent on organizational initiative rather than systemic support.

In terms of opportunities, Australian participants pointed to gender inclusivity, digital job creation, and work-life
balance echoing global studies that recognize digitalization as a means to reshape traditional workforce
demographics and empower new forms of participation (Adepoju and Aigbavboa, 2020; Takyi-Annan and Zhang,
2023). As noted earlier in Section 2.2, international studies in Nigeria and South Africa similarly frame
Construction 4.0 as a driver of inclusivity and digital job creation (Adepoju and Aigbavboa, 2020), reinforcing the
broader transferability of these opportunities. The ability to shift labor off-site, reduce physical demands, and
enable remote coordination makes Construction 4.0 a vector for greater workforce diversity and gender equity. By
reducing on-site exposure and creating digitally enabled roles, these technologies support Australia’s broader
policy aims of inclusive economic participation, aligning with similar findings in European contexts where digital
construction has opened up space for underrepresented groups (Wang et al., 2024).

On the threat side, cybersecurity and ethical risks emerged prominently findings consistent with concerns raised
globally as industries become increasingly reliant on [oT, cloud platforms, and Al-based surveillance systems (Parn
and Garcia de Soto, 2020; Heijden, 2023). Participants expressed concern over the lack of cybersecurity protocols
and ethical safeguards, noting that Australia’s construction sector is unprepared for the complexities of data
privacy, digital consent, and cybersecurity training. These findings parallel global insights that highlight cyber
vulnerabilities as an emerging systemic risk, particularly in sectors that lack robust IT governance or clarity on
data accountability.

While SWOT analysis has been used in prior research on digitalization in construction (Johari et al., 2023;
Chumachenko et al., 2024), our application offers two points of distinction. First, it is anchored in a qualitative
dataset of 23 in-depth interviews with professionals across multiple roles (architects, engineers, project managers,
and quantity surveyors), allowing for a multi-perspective mapping of internal and external determinants. Second,
the analysis is explicitly contextualized to Australia’s unique institutional structures, regulatory environment, and
market conditions factors often underrepresented in global SWOT-based studies.

6. CONCLUSIONS

This study explored the key internal and external determinants influencing the successful implementation of
Construction 4.0 in the Australian construction industry through a qualitative SWOT analysis. Drawing on 23
expert interviews, the findings reveal a dual narrative: while project-level experimentation is yielding tangible
benefits such as improved productivity, design coordination, real-time data use, and inclusivity, broader industry-
wide transformation is hindered by fragmented governance, skills shortages, cost barriers, and low digital maturity.

Ultimately, this study contributes to a more grounded and context-specific understanding of Construction 4.0 in
Australia. It shows that while pockets of excellence exist, widespread transformation is inhibited by uneven
readiness across organizations, insufficient policy leadership, and a lack of integrated infrastructure. Addressing
the central research question, the study identifies a mix of enabling conditions (e.g., client engagement, worker
empowerment, and digital collaboration) and persistent barriers (e.g., training gaps, regulatory fragmentation, and
ethical risks). The findings further indicates that the implications of Construction 4.0 adoption extend beyond
immediate project benefits, pointing to systemic reforms needed in training, governance, and collaboration. For
example, while participants strongly emphasized productivity gains from BIM and automation, they also revealed
how fragmented state-based regulation amplifies barriers to digital integration. By connecting such practitioner-
informed evidence to broader debates on policy, workforce development, and industry transformation, the study
provides actionable guidance for both Australia and other jurisdictions with similarly decentralized construction
systems. For instance, the dual narrative of project-level innovation alongside systemic fragmentation resonates
with international experiences, such as the top-down digital mandates in Singapore, workforce integration
strategies in Germany and Finland, and inclusivity-focused adoption in Nigeria and South Africa. This positioning
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highlights that, although Australia faces unique governance challenges, the insights presented here contribute to
global debates on how institutional structures, skills ecosystems, and regulatory frameworks shape Construction
4.0 implementation.

This study extends theory by reframing SWOT analysis in the construction digitalization context, showing how
internal and external determinants interact in a decentralized regulatory system. It introduces new categories of
barriers such as cultural resistance, intergenerational divides, and fragmented governance structures that enrich
existing frameworks of Construction 4.0 adoption.The practical contributions of these findings extend across
multiple stakeholder groups as well. For policymakers, the results highlight the need for coherent national digital
strategies, dedicated funding mechanisms for SME adoption, integration of Construction 4.0 skills into vocational
education and training, and regulatory alignment to reduce fragmentation and ensure consistent digital standards
nationwide. For industry professionals (architects, engineers, project managers, and contractors), the study
identifies practical strategies to overcome cost and skills barriers, supporting organizational adoption pathways.
For academics, the findings provide an empirically rich framework to extend theoretical discussions on
digitalization and Construction 4.0. For local communities and end users, the study points to improved project
delivery, safety, and sustainability outcomes as indirect benefits of successful Construction 4.0 adoption. Together,
these implications emphasize that Construction 4.0 transformation is not just an organizational priority but a
societal one, requiring coordinated engagement across all actors.

The novelty of this study lies in its multi-professional perspective (architects, engineers, project managers, and
quantity surveyors), its focus on Australia’s unique decentralized and fragmented context, and its integration of
international insights to identify transferable lessons. However, the research is limited by its qualitative scope and
sample size, which, while sufficient for thematic saturation, may not fully capture perspectives from regional
contractors or trade workers. Future research could extend this analysis by integrating trade-level insights,
conducting comparative international studies, or quantitatively evaluating the impact of Construction 4.0
technologies on project outcomes and workforce diversity. Methodologically, this qualitative SWOT could be
complemented with more dynamic approaches such as the TOWS matrix or PESTEL analysis, which support
scenario planning and strategic prioritization. Such tools would extend our findings by generating explicit action
pathways for industry and policy stakeholders.
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