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Abstract 
The Fourth Industrial Revolution (4IR) is rapidly transforming the construction industry through 
the convergence of digital technologies, automation, and data-driven decision-making, 
generating urgent demand for new skill sets across professional, technical, and craft roles. This 
paper critically examines the challenges and opportunities associated with advancing skills for 
the construction workforce in the 4IR era. Drawing on recent academic literature, industry 
reports, and international policy guidelines, it identifies the core digital, managerial, and socio-
technical competencies required for effective integration of Building Information Modelling 
(BIM), robotics, artificial intelligence, additive manufacturing, drones, and Internet of Things 
(IoT) solutions throughout the project life cycle. Key challenges include persistent skills gaps, 
misalignment between academic curricula and industry needs, fragmented training provision, 
limited access to continuous professional development, and organisational resistance to change. 
Structural barriers affecting small and medium-sized enterprises, subcontractors, and workers 
in informal or precarious employment further constrain skills upgrading, particularly in 
developing economies. These contexts also face additional limitations such as weak digital 
infrastructure, low investment in human capital, regulatory uncertainty, and limited awareness 
of 4IR technologies among key decision makers. At the same time, 4IR presents substantial 
opportunities to improve productivity, safety performance, quality, waste reduction, and 
environmental sustainability if skills ecosystems are strategically reoriented. The paper 
proposes a multi-stakeholder skills development framework that embeds competency-based 
curricula, work-integrated learning, micro-credentials, digital simulation, and lifelong learning 
pathways supported by public–private partnerships and responsive policy instruments. It 
emphasises the need to integrate soft skills collaboration, problem-solving, creativity, data 
literacy, and change management with technical digital skills to prepare workers for 
increasingly integrated, automated, and interdisciplinary project environments. The framework 
further advocates robust skills assessment and certification systems, industry-led qualification 
standards, and digital learning platforms that can reach dispersed sites and non-traditional 
learners. Particular attention is given to gender inclusion, youth employment, and upskilling 
mid-career workers to avoid deepening existing inequalities as technology adoption accelerates. 
The paper concludes that building a 4IR-ready construction workforce requires coordinated, 
inclusive, and forward-looking skills strategies that prioritise equity, foster innovation, 
strengthen organisational learning, and enhance long-term competitiveness and resilience at 
local, national, regional, and global scales in the global construction sector. 
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1. Introduction 

The Fourth Industrial Revolution is reshaping production systems worldwide through the convergence of digital, physical, and 

biological technologies, and the construction industry is increasingly drawn into this transformation. Technologies such as 

Building Information Modelling, artificial intelligence, robotics, drones, the Internet of Things, and additive manufacturing are 

altering how projects are conceived, designed, delivered, and maintained.
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These innovations are changing traditional roles on 

construction sites, shifting value creation toward data driven 

processes, and demanding higher levels of integration across 

the project life cycle. At the same time, construction remains 

characterised in many regions by fragmented supply chains, 

labour intensive methods, and variable levels of digital 

maturity (Bayode, et al., 2019, Keogh & Smallwood, 2021). 

This tension between long standing practices and disruptive 

innovation creates a complex environment in which skills 

become a critical enabler of successful 4IR adoption. 

Focusing on skills development is therefore essential because 

technology alone cannot deliver improved productivity, 

safety, quality, and sustainability without a workforce that 

can understand, implement, and optimise new tools. 

Persistent skills gaps, ageing workforces, and limited 

exposure to digital technologies among craft workers, 

technicians, and professionals threaten to widen the divide 

between leading and lagging firms. Education and training 

systems often struggle to keep pace with rapidly evolving 

industry needs, which can result in graduates who are ill 

prepared for 4IR enabled workplaces (Kayembe & Nel, 2019, 

Matabane, 2019). Small and medium sized enterprises, 

informal sector operators, and workers in developing 

economies are particularly vulnerable, as they frequently lack 

access to structured training and continuous professional 

development. Addressing these gaps requires a deliberate and 

coordinated approach to advancing skills, rather than 

assuming that competencies will emerge organically as 

technologies diffuse (Uzoho, 2021). 

Against this backdrop, the aim of this paper is to critically 

examine the challenges and opportunities associated with 

advancing skills for the construction industry in the era of the 

Fourth Industrial Revolution. The specific objectives are to 

identify the evolving skill sets required in a technology 

intensive construction environment, to analyse systemic 

barriers that hinder skills upgrading, and to highlight 

potential opportunities for more inclusive and sustainable 

workforce development. In pursuit of these objectives, the 

paper reviews relevant literature and industry evidence on 

4IR technologies and construction skills, explores emerging 

frameworks for digital and socio technical competencies, and 

discusses policy and organisational strategies for reskilling 

and upskilling (Kamaruzaman, et al., 2019, Pedron, 2018). 

The overall structure follows a logical progression from 

conceptual foundations to practical implications, setting the 

stage for a nuanced understanding of how the construction 

workforce can be better prepared for current and future 

transformations. 

 

2. Methodology 

The study draws conceptual, empirical, and technological 

insights from multiple scholarly and applied sources to 

develop a structured understanding of skills development 

strategies aligned with the evolving digital ecosystem of the 

construction sector. 

The methodological framework is grounded in systematic 

analysis inspired by the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

structure, focusing on identifying, evaluating, and 

synthesizing relevant literature from both developed and 

emerging economies. The process began with defining 

research questions that addressed (a) the nature and 

composition of 4IR technologies relevant to construction; (b) 

the evolving technical, managerial, and socio-technical skills 

required; and (c) the challenges, opportunities, and strategic 

frameworks for reskilling and upskilling in line with 4IR 

imperatives. 

A comprehensive database search was conducted across 

Scopus, Google Scholar, and ScienceDirect using key terms 

such as “4IR in construction,” “digital transformation,” 

“Industry 4.0 skills,” “BIM competencies,” “AI in 

construction,” “circular economy,” and “construction 

workforce development.” The search period spanned from 

2012 to 2024 to capture early discourse on 4IR and 

contemporary advances. Inclusion criteria were peer-

reviewed journal articles, conference proceedings, and policy 

papers addressing technological integration, construction 

management, digital competencies, and sustainability. Grey 

literature and non-academic reports were excluded to 

maintain methodological rigor. 

After screening, 134 documents were selected from an initial 

pool of over 500 sources. Key references guiding the 

analytical structure include Abdulkareem et al. (2023), which 

underscores privacy-preserving AI and cybersecurity 

frameworks that inform digital trust and data integrity in 

skills ecosystems; Adams et al. (2017) and Heshmati (2017), 

which detail circular economy enablers in construction; and 

Adeleke & Baidoo (2022) and Adeleke & Ajayi (2023), 

which propose competency-based models integrating IT and 

project management frameworks adaptable for reskilling in 

industrial sectors. Akadiri et al. (2012), Bayode et al. (2019), 

and Kamaruzaman et al. (2019) provide foundational 

frameworks for sustainable construction, 4IR leadership, and 

engineering education adaptation, respectively. 

Data were extracted and synthesized thematically to map 

patterns, relationships, and conceptual frameworks emerging 

from the literature. Thematic synthesis followed a three-stage 

process: Descriptive coding capturing explicit details such as 

type of technology, skills requirement, training model, and 

contextual application. Analytical categorization grouping 

findings into themes such as “digital and technical 

competencies,” “organizational adaptability,” “education-

industry misalignment,” and “policy and regulatory 

ecosystems.” Integrative synthesis developing a unifying 

conceptual model linking challenges, opportunities, and 

actionable strategies for advancing construction skills in the 

4IR era. 

The methodological process integrated technological 

modeling insights from Adeshina (2021, 2023) and Akinbode 

et al. (2023) to align data visualization, analytics, and 

dashboard-based decision tools in representing relationships 

among 4IR skills indicators. Quantitative data such as 

technology adoption rates, workforce digital readiness 

indices, and productivity metrics were cross-validated 

through secondary reports to ensure analytical robustness. 

The resulting synthesis emphasized how AI-driven analytics, 

IoT data flows, and cyber-secure communication frameworks 

underpin competency-building in digital construction 

management systems. 

To strengthen validity, cross-sectoral triangulation was 

employed. This involved comparing evidence from 

healthcare (Adeleke & Ajayi, 2023), energy (Chukwuemeka 

et al., 2023), and industrial IoT (Akande et al., 2023) domains 

industries that share similar digital transformation trajectories 

with construction. The comparative approach provided 

insights into transferable training models, scalable digital 

infrastructures, and competency standards applicable across 

industries. Ethical considerations were observed by ensuring 
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the accuracy of secondary data representation and attribution 

of intellectual contributions, in line with academic integrity 

standards. 

Data interpretation employed a constructivist epistemology, 

recognising that knowledge about 4IR skills is socially co-

constructed through interactions among technology 

developers, educators, industry leaders, and policymakers. 

Therefore, findings were not only descriptive but prescriptive 

culminating in the proposal of a 4IR Skills Advancement 

Framework that integrates competency-based curricula, 

micro-credentials, digital simulations, and collaborative 

policy structures. 

Finally, the study employed qualitative content analysis using 

NVivo to categorize extracted text into recurring themes. 

Frequency mapping and co-occurrence analysis revealed 

strong linkages between “AI-enabled automation,” “data 

literacy,” “digital construction management,” and “lifelong 

learning ecosystems.” The resulting framework provides 

actionable guidance for developing national skills strategies, 

institutional curricula, and industry-specific certification 

systems that can prepare the construction workforce for 

technological disruptions while advancing sustainability and 

productivity goals. 

 

 
 

Fig 1: Flowchart of the study methodology 

 

This methodology ensures academic rigor, contextual 

relevance, and analytical depth by integrating empirical and 

theoretical insights from diverse domains to construct a 

holistic, evidence-based framework for advancing 4IR skills 

in the construction industry. It underscores the interplay 

between technology adoption, competency development, and 

institutional readiness aligning research outputs with 

actionable pathways for a digitally empowered and 

sustainable construction workforce. 

 

3. Overview of 4IR Technologies in the Construction 

Industry 

Fourth Industrial Revolution technologies are steadily 

reshaping how construction projects are planned, designed, 

executed, and managed, even though the industry has 

traditionally been slow to digitise. At the core of this 

transformation is Building Information Modelling, which 

provides a shared digital representation of physical and 

functional characteristics of a facility. BIM allows 

multidisciplinary teams to collaborate on a single model, 

coordinate drawings, detect clashes, and simulate 

construction processes before work begins on site. When 

combined with cloud platforms, BIM becomes a central data 

environment that supports real time information sharing 

among architects, engineers, contractors, and clients. This 

shift from fragmented, paper based information to integrated 

digital models is a foundational step toward broader 4IR 

adoption (Alade & Windapo, 2019, Vuyiswa & Nischolan, 

2019). 

Artificial intelligence is another critical pillar of 4IR in 

construction, enabling new forms of data driven decision 

making. Machine learning algorithms can analyse historical 

project data to forecast costs, schedules, and risks, and can 

flag patterns associated with delays, disputes, or safety 

incidents. Computer vision models process images and 

videos from site cameras to monitor progress, detect unsafe 

behaviours, and verify that work conforms to design 

specifications. Natural language processing is increasingly 

applied to unstructured project documents, such as contracts 

and reports, to extract insights about obligations, variations, 

and lessons learned. As data volumes increase from sensors, 

drones, and digital platforms, AI becomes essential for 

transforming raw data into actionable intelligence 

(Akileswaran & Hutchinson, 2019, Ramli, Rasul & Affandi, 

2018). 

Robotics and automation are gradually moving from highly 

mechanised manufacturing environments into construction 

sites. Semi autonomous robots are used for repetitive tasks 

such as bricklaying, rebar tying, drilling, and concrete 

finishing, helping to address labour shortages and reduce 

physical strain on workers. Collaborative robots can work 

alongside humans in prefabrication facilities, improving 

precision and consistency for components that are later 

assembled on site. Autonomous or remotely operated plant, 

such as excavators and loaders, can be guided by digital 

models and sensor feedback, improving accuracy in 

earthworks and material handling. Although full robotisation 

remains limited in many regions, incremental adoption in 

specific tasks signals a trajectory toward more automated 

project delivery (Koh, Orzes & Jia, 2019, Mathur, et al., 

2019). 

Drones, or unmanned aerial vehicles, have become one of the 

most visible 4IR technologies on construction projects. They 

are widely used for topographic surveys, volumetric 

measurements, and progress monitoring, producing high 

resolution imagery and point clouds that can be integrated 

with BIM and geographic information systems. Repeated 
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drone flights provide time stamped records of site conditions, 

supporting claims management, quality assurance, and 

stakeholder communication. Combined with AI based image 

analysis, drones can detect missing elements, unsafe 

conditions, or deviations from design. This aerial perspective 

significantly reduces the time and cost of traditional 

surveying methods and improves the accuracy of planning 

and reporting (Koh, Orzes & Jia, 2019, Morrar, Arman & 

Mousa, 2017). 

The Internet of Things underpins many 4IR applications by 

connecting physical assets and environments to digital 

platforms. Embedded sensors in equipment, structures, and 

temporary works capture data on location, utilisation, 

vibration, temperature, and strain. Wearable devices track 

worker movements, exposure to hazards, and biometric 

indicators that may signal fatigue or heat stress. 

Environmental sensors monitor dust, noise, and emissions, 

providing evidence for compliance with health, safety, and 

environmental standards (Akomea-Agyin & Asante, 2019, 

Awe, 2017, Osabuohien, 2019). By streaming data into 

central platforms, IoT enables real time monitoring, 

predictive maintenance, and more efficient resource 

allocation, while also generating new demands for data 

management and cybersecurity skills. Figure 2 shows Fourth 

Industrial Revolution Intelligence Framework presented by 

Oosthuizen, 2017. 

 

 
 

Fig 2: Fourth Industrial Revolution Intelligence Framework (Oosthuizen, 2017) 

 

Additive manufacturing, particularly large scale 3D printing, 

is emerging as a disruptive technology for the construction 

industry. Concrete and composite materials can be deposited 

layer by layer to form structural or architectural elements 

with minimal formwork, reduced material waste, and novel 

geometries. In some pilot projects, entire small buildings 

have been printed using robotic arms or gantry systems 

guided by digital models. Off site additive manufacturing is 

also used for complex components, moulds, and customised 

fixtures. While regulatory frameworks and material 

performance standards are still evolving, the potential to 

shorten construction times, reduce labour intensity, and 

support more sustainable material use is driving 

experimentation and early adoption (Hofmann & Rüsch, 

2017, Lamba & Singh, 2017). 

Digital twins extend BIM and IoT concepts by creating 

dynamic virtual replicas of physical assets that are 

continuously updated with real time data. In construction, a 

digital twin can represent a project throughout its life cycle, 

from design and construction to operation and maintenance. 

During construction, data from sensors, drones, and 

equipment feeds into the twin, allowing project teams to 

compare planned versus actual performance, test alternative 

scenarios, and optimise sequencing. In the operational phase, 

digital twins support facility management, predictive 

maintenance, and performance benchmarking, closing the 

loop between design intent and real world behaviour. This 

integrated view demands advanced analytical and systems 

thinking skills from professionals across disciplines (Hirschi, 

2018, Li, Hou & Wu, 2017). 

Despite these advances, current levels of digital maturity in 

construction remain highly uneven across regions, firm sizes, 

and project types. Large international contractors and clients 

in high income markets are more likely to adopt BIM at 

higher maturity levels, experiment with AI and IoT, and 

invest in robotics and digital twins. In contrast, many small 

and medium sized enterprises rely on basic digital tools such 

as spreadsheets, standalone design software, and simple 

communication platforms (Penprase, 2018, Syam & Sharma, 

2018). Barriers include high upfront costs, fragmented supply 

chains, insufficient digital infrastructure, and limited internal 

expertise. In many developing economies, the gap is widened 

by weak broadband connectivity, limited access to 

specialised training, and a lack of regulatory drivers for 

digital adoption (Mabo, Swar & Aghili, 2018). 

The impacts of 4IR technologies on project delivery are 

increasingly visible where adoption is more advanced. 

Integrated BIM workflows reduce design conflicts, improve 

coordination among subcontractors, and support more 

accurate cost and schedule estimates. Drones and IoT devices 

provide near real time visibility of progress and resource 

usage, enabling proactive adjustments rather than reactive 
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problem solving (Ogunyankinnu, et al., 2022, Oyeyemi, 

2022). AI powered planning tools support more robust risk 

analysis and scenario testing, which can reduce the likelihood 

and severity of delays and cost overruns. These 

improvements translate into higher productivity and more 

predictable project outcomes, although they also require 

reorganising processes and roles to fully realise the benefits. 

Figure 3 shows the impact and threat of 4IR on employability 

and jobs by 2030 presented by Mitchell & Guile, 2022. 

 

 
 

Fig 3: The impact and threat of 4IR on employability and jobs by 2030 (Mitchell & Guile, 2022) 

 

Safety performance is another domain where 4IR 

technologies offer significant opportunities. Computer vision 

systems can automatically detect workers without personal 

protective equipment or exposed to fall risks, prompting 

timely interventions. Wearables and sensors can issue alerts 

when workers enter restricted zones or experience unsafe 

levels of fatigue or environmental exposure. Robotics and 

automation can remove workers from the most hazardous 

tasks and environments, while drones can inspect high or 

confined spaces without exposing personnel to danger. 

However, these technologies also introduce new risks related 

to system reliability, cybersecurity, and human machine 

interaction, which must be managed through appropriate 

training, procedures, and governance (Manda & Ben Dhaou, 

2019, Schwab & Davis, 2018). 

From a sustainability perspective, 4IR technologies support 

more efficient use of materials and energy and facilitate low 

carbon construction practices. BIM enabled design 

optimisation can reduce material quantities and improve 

constructability, while additive manufacturing can minimise 

waste and enable the use of alternative materials. IoT systems 

can track energy use, emissions, and waste generation during 

construction, supporting green construction certifications and 

more transparent reporting (Ajayi & Akanji, 2022, Isa, 2022). 

Digital twins create opportunities to simulate and optimise 

operational performance, extending sustainability 

considerations beyond handover into the full life cycle of 

built assets. Yet, realising these gains depends on a workforce 

that can interpret data, apply analytical tools, and align 

technological choices with broader environmental and social 

goals in the construction sector. 

 

4. Evolving Skills Requirements in a 4IR-Driven 

Construction Sector 

The diffusion of Fourth Industrial Revolution technologies 

across the construction value chain is reshaping the skills 

landscape in ways that are both profound and uneven. 

Traditional craft expertise and engineering knowledge 

remain essential, but they are no longer sufficient on their 

own in environments that rely heavily on data, automation, 

and interconnected digital platforms. The emerging 

construction workplace demands a combination of core 

digital competencies, advanced technical capabilities, and 

socio technical skills that enable individuals and teams to 

operate effectively in hybrid physical digital settings. As a 

result, skill requirements are expanding both in depth and 

breadth, with clear implications for education, training, 

recruitment, and career development (Leising, Quist & 

Bocken, 2018, Pomponi & Moncaster, 2017). 

At the centre of these evolving requirements are core digital 

and technical competencies that enable workers to use and 

interpret the tools that underpin 4IR in construction. 

Proficiency with Building Information Modelling is 

increasingly expected among architects, engineers, and 

construction managers, who must be able to navigate models, 

manage data layers, coordinate disciplines, and extract 

information for planning and site operations. Beyond basic 

model viewing, advanced users require skills in parametric 

modelling, clash detection, quantity take off, and integration 

with scheduling and cost management software. Familiarity 

with simulation tools, such as 4D and 5D modelling, supports 

more accurate visualisation of construction sequences and 

financial implications (Ghisellini, Ripa & Ulgiati, 2018, 

Heshmati, 2017). Technical staff also need working 

knowledge of sensors, drones, and on site data capture 

devices, including the ability to set up data collection 

protocols, ensure data quality, and interface these devices 

with central platforms. 

As artificial intelligence and analytics become more 

pervasive, a baseline of computational and data related skills 

is required across a wider range of roles. Professionals do not 

necessarily need to be data scientists, but they must 

understand how algorithms are trained, what types of data are 

required, and how to interpret model outputs in context. This 
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includes the ability to question the assumptions embedded in 

predictive tools, recognise potential biases, and validate 

results against real world constraints (Abdulrazaq, 2023) 

. Practical competencies in using dashboards, visual 

analytics, and project management platforms are increasingly 

important for both site based and office based staff. 

Technicians and engineers benefit from basic coding or 

scripting skills that allow them to customise workflows, 

automate routine tasks, and connect disparate systems. At 

higher levels, specialists in digital construction may require 

advanced knowledge of cloud computing, cybersecurity, and 

systems integration to manage complex digital ecosystems. 

Figure 4 shows Characteristics and Components of 4IR 

technology presented by Yusuf, Walters & Sailin, 2020. 

 

 
 

Fig 4: Characteristics and Components of 4IR technology (Yusuf, Walters & Sailin, 2020) 

 

However, a narrow focus on digital tools is insufficient, 

because the successful adoption of 4IR technologies depends 

heavily on socio technical and managerial skills that allow 

people to work effectively in more interconnected and rapidly 

changing environments. Collaboration is central, since digital 

platforms encourage closer integration between design, 

construction, and operation, and reduce the boundaries 

between different disciplines and organisations. Teams must 

communicate clearly across professional and organisational 

cultures, negotiate shared responsibilities for data, and 

manage expectations about what technology can deliver 

(Winans, Kendall & Deng, 2017, Su, et al., 2013). This calls 

for strong interpersonal skills, conflict resolution abilities, 

and cultural competence, particularly in projects that involve 

multicultural and multi organisational teams. 

Data literacy is another foundational socio technical skill that 

cuts across roles and levels. It goes beyond the mechanics of 

using software to include the ability to understand what data 

represent, evaluate data quality, recognise limitations, and 

draw meaningful conclusions. In a 4IR driven construction 

sector, workers encounter data in many forms, from sensor 

measurements and drone imagery to financial indicators and 

social impact metrics. Being able to critically interpret these 

data and communicate insights to different stakeholders is 

essential for evidence based decision making. Data literacy 

also intersects with ethical awareness, since workers must 

handle data responsibly, respect privacy, and consider the 

implications of surveillance technologies on workers and 

communities (Nasir, et al., 2017, Ormazabal, et al., 2018). 

Change management capabilities are increasingly important 

at managerial and supervisory levels, but they also have 

relevance for frontline staff. The introduction of new 

technologies often disrupts established routines, power 

structures, and professional identities. Managers must be able 

to articulate a compelling vision for digital transformation, 

engage employees in the process, provide adequate training 

and support, and respond constructively to resistance. This 

involves understanding organisational behaviour, learning 

processes, and the psychology of change. Supervisors and 

team leaders require skills in coaching, mentoring, and 

facilitating learning on the job, so that technological 

innovation is accompanied by continuous skills development 

and not simply imposed from above (Adams, et al., 2017, 

Ivanova, et al., 2016). 

The rise of 4IR in construction is also generating new roles 

and hybrid professional profiles that blur traditional 

boundaries between disciplines. One example is the 

emergence of digital construction managers who combine 

knowledge of project management, BIM processes, and data 

analytics to orchestrate information flows across the project 

life cycle. These professionals act as translators between 

technical teams, site operations, and client organisations, 

ensuring that digital tools support practical decision making 

rather than becoming isolated technical exercises. Similarly, 

BIM coordinators and information managers require both 

technical modelling skills and an understanding of 

contractual, regulatory, and organisational dimensions of 

information management (Behera, et al., 2014, Schandl, et 

al., 2016). 

Hybrid roles are also appearing at the interface between 

engineering and computer science, such as construction data 

scientists, reality capture specialists, and digital twin 

engineers. These professionals work with large data sets from 

sensors, drones, and project management systems, develop 
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predictive models for scheduling and maintenance, and 

design visualisation tools for stakeholders (Abdulrazaq, 

2023). They need a solid grounding in engineering concepts 

and construction processes to ensure that their analytical 

work is relevant and actionable. At the same time, they draw 

on competencies in statistics, machine learning, 

programming, and user centred design. A similar blending of 

skills is evident in robotics and automation roles, where 

technicians and engineers must understand both mechanical 

systems and software control, as well as the operational 

realities of construction sites (Akadiri, Chinyio & 

Olomolaiye, 2012, Sfakianaki, 2015). 

On the craft and technician side, new profiles are emerging 

around prefabrication, modular construction, and additive 

manufacturing. Workers in off site manufacturing facilities 

require a combination of traditional fabrication skills and the 

ability to work with computer controlled equipment, digital 

work instructions, and quality assurance systems. They must 

interpret digital models, follow precise tolerances, and 

contribute to continuous improvement processes. On site, 

supervisors and foremen are increasingly expected to use 

tablets and mobile applications to access real time 

information, update progress data, and coordinate with 

logistics and supply chain systems (Guo, et al., 2019, Huang, 

et al., 2018). This requires comfort with digital tools and an 

understanding of how on site actions influence the broader 

data environment. 

The evolution of skills requirements in a 4IR driven 

construction sector therefore involves a complex interplay 

between digital proficiency, technical depth, and human 

centred capabilities. Workers at all levels need to be 

adaptable, willing to learn, and able to operate in 

environments where technology is constantly evolving. 

Lifelong learning becomes a central expectation rather than 

an optional extra, and career paths may involve more lateral 

moves across disciplines and roles. For education and 

training providers, this implies revisiting curricula, 

pedagogy, and assessment to emphasise integrated learning 

that combines theory, practical application, and reflective 

practice. For employers and policymakers, it calls for 

coordinated strategies to support upskilling and reskilling, 

recognise emerging roles, and ensure that workers are not left 

behind as the construction industry becomes more deeply 

embedded in the Fourth Industrial Revolution (Akande, et al., 

2023, Akinbode, et al., 2023, Chukwuemeka, Wegner & 

Damilola, 2023). 

 

5. Challenges to Advancing Skills for 4IR in Construction 

Advancing skills for the Fourth Industrial Revolution in the 

construction sector is constrained by a series of interrelated 

challenges that cut across education systems, organisational 

practices, regulatory environments, and broader socio 

economic conditions. While there is growing recognition that 

digitalisation, automation, and data driven decision making 

are reshaping the industry, the capacity of workers, firms, and 

institutions to respond remains uneven. These constraints do 

not only slow technology adoption; they also risk entrenching 

inequalities between leading firms and lagging actors, and 

between high income and developing contexts (Ajayi & 

Akanji, 2023, Oyeyemi & Kabirat, 2023). 

A central difficulty lies in persistent skills gaps and the 

misalignment between what education and training providers 

deliver and what industry actually needs. Many university 

and technical curricula still prioritise traditional design, 

engineering, and construction management competencies, 

with limited integration of BIM, data analytics, automation, 

and digital collaboration tools. Where digital content exists, 

it is often offered as an elective or taught using outdated 

software and hardware, failing to reflect current industry 

workflows. Graduates frequently arrive on site with 

theoretical knowledge but minimal experience of model 

based coordination, cloud platforms, or sensor enabled 

monitoring (Hampson, Kraatz & Sanchez, 2014, Roos, 

2014). On the vocational side, apprenticeship programmes 

and trade schools may remain focused on manual techniques 

and analogue documentation, making it difficult for craft 

workers and technicians to engage confidently with tablets, 

drones, or semi autonomous equipment. 

This misalignment is compounded by weak feedback loops 

between industry and education. Employers may not 

systematically communicate their evolving skills needs, or 

they may struggle to articulate them in ways that can be 

translated into curricula and qualifications. Professional 

bodies and accreditation frameworks often take years to 

adapt, lagging behind technological change. As a result, short 

courses and vendor driven certifications fill some of the gaps, 

but they tend to be fragmented, uneven in quality, and 

oriented toward specific products rather than broader 

competencies. Continuous professional development remains 

the exception rather than the norm in many construction 

markets, especially for site based personnel, making it 

difficult to sustain skills upgrading over the life of a career 

(Heyes, et al., 2018, Williams, et al., 2018). 

Beyond education, organisational, cultural, and regulatory 

barriers significantly constrain efforts to advance skills for 

4IR. Construction firms frequently operate with tight margins 

and short term project based business models, which 

encourage cost cutting rather than long term investment in 

people. Training is often viewed as a discretionary expense 

rather than a strategic asset, particularly in environments 

where staff turnover is high and subcontracting is prevalent. 

Project timelines rarely allocate space for learning, 

experimentation, or reflection; workers are expected to 

deliver immediately, even when new technologies are 

introduced. This creates a vicious cycle in which digital tools 

are deployed without sufficient training or change 

management, leading to frustration, underutilisation, and 

scepticism about their value. 

Cultural factors within organisations also play a powerful 

role. Construction has long been characterised by hierarchical 

structures and strong professional identities. Engineers, 

architects, quantity surveyors, and craft workers may each 

guard their domains of expertise and resist changes that 

appear to threaten established roles or status. Senior 

managers who built their careers without digital tools may be 

hesitant to champion unfamiliar technologies, while younger 

staff who are more comfortable with digital platforms may 

lack the authority to drive change. In some cases, unions or 

worker representatives may express concerns about job 

displacement associated with automation and robotics, 

complicating efforts to introduce new equipment without 

clear strategies for redeployment and upskilling (Bicket, et 

al., 2014, Mendoza, et al., 2017). 

Regulatory and contractual frameworks can further hinder 

skills development for 4IR. Public procurement rules and 

standard forms of contract often emphasise lowest initial cost 

rather than whole life value or innovation, leaving limited 

scope to reward bidders who invest in digital capabilities and 
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workforce development. In some jurisdictions, regulations 

governing professional practice, liability, and data ownership 

have not kept pace with model based collaboration or cloud 

platforms, creating uncertainty about responsibilities when 

digital tools are used. Where building codes and standards do 

not explicitly recognise digital processes, authorities may be 

reluctant to accept outputs from BIM models or 3D printed 

components, reducing incentives for firms to invest in related 

skills (Kapsalis, Kyriakopoulos & Aravossis, 2019, Moraga, 

et al., 2019). Certification systems for new competencies, 

such as digital construction management or information 

modelling, may be fragmented or non existent, undermining 

the visibility and portability of such skills. 

These challenges are more acute for small and medium sized 

enterprises, informal workers, and actors in developing 

economies, who form a substantial share of the global 

construction workforce. SMEs often lack the financial 

resources, dedicated HR functions, or internal champions 

needed to design and deliver comprehensive training 

programmes. They may rely on older equipment, operate 

with thin cash flows, and depend on short term contracts, 

leaving little room for experimentation with new tools. When 

clients or main contractors mandate the use of BIM or digital 

platforms, SMEs may struggle to comply without external 

support, leading to their exclusion from higher value 

segments of the market. Training offerings tailored to SMEs 

are frequently limited, expensive, or scheduled in ways that 

are incompatible with their operational realities (Velenturf, et 

al., 2019, Walmsley, et al., 2019). 

Informal workers and micro enterprises face even more 

severe constraints. In many low and middle income countries, 

a large portion of construction activity occurs outside formal 

regulatory and training systems. Workers learn on the job, 

moving from site to site without formal recognition of their 

skills or access to structured development opportunities. 

Introducing 4IR technologies into such environments raises 

complex questions about who bears responsibility for 

training, how skills are certified, and how the benefits of 

digitalisation are distributed. Without targeted policies and 

inclusive programmes, there is a risk that digital 

transformation will concentrate opportunities among a small 

group of formal, well resourced firms, deepening the 

marginalisation of informal actors (Iacovidou, et al., 2017, 

Nambiar, 2019). 

Developing economies also grapple with structural 

limitations that impede both technology adoption and skills 

upgrading. Digital infrastructure may be weak or unreliable, 

with limited broadband coverage, high data costs, and 

frequent power interruptions, making it difficult to sustain 

cloud based platforms or real time data flows. Public 

institutions responsible for education, regulation, and 

industry support may face resource constraints and 

competing priorities, slowing the development of updated 

curricula, standards, or incentives. International training 

materials and technologies are often imported with little 

adaptation to local languages, building practices, or socio 

cultural conditions, reducing their relevance and uptake 

(Manniche, et al., 2017, Mylan, Holmes & Paddock, 2016). 

Brain drain can exacerbate these problems when highly 

skilled professionals migrate to markets that offer better 

remuneration and working conditions, leaving gaps in 

domestic capacities. 

Addressing these multifaceted challenges requires more than 

isolated interventions or one off training initiatives. It calls 

for a systemic perspective on skills ecosystems in 

construction, recognising that education providers, 

employers, professional bodies, regulators, unions, and 

technology vendors all shape the environment in which 

workers learn and apply 4IR related competencies. Without 

deliberate efforts to align curricula with industry needs, 

embed learning into project delivery, reform procurement 

and regulatory frameworks, and support SMEs and informal 

workers through tailored programmes, the promise of 4IR to 

enhance productivity, safety, and sustainability will remain 

unevenly realised. Instead of narrowing performance and 

equity gaps, digital transformation could deepen them, 

leaving many workers and firms behind. The scale and 

complexity of these challenges underline the need for 

coordinated, inclusive, and long term strategies that treat 

skills development as a central pillar of construction sector 

modernisation rather than an afterthought (Adeleke & 

Baidoo, 2022, Oyeyemi, 2022). 

 

6. Opportunities Arising from 4IR-Enabled Skills 

Development 

The expansion of skills development aligned with Fourth 

Industrial Revolution technologies presents significant 

opportunities to transform construction from a fragmented, 

low productivity sector into a more efficient, safer, and higher 

quality industry. When workers acquire competencies in 

digital tools, automation, and data driven decision making, 

they can use 4IR technologies not only as add ons but as 

integral parts of project delivery. For example, teams that 

understand Building Information Modelling workflows can 

coordinate designs more effectively, identify clashes early, 

and reduce rework on site. Site managers who are 

comfortable with drones, sensors, and mobile apps can 

monitor progress and resource use more accurately, making 

timely adjustments instead of reacting after problems have 

escalated (Jackson, Lederwasch & Giurco, 2014, Perey, et 

al., 2018). In this way, skills development and technology 

reinforce one another, leading to measurable gains in 

productivity and predictability. 

Improved safety is another major area of opportunity when 

workers are trained to work with and interpret 4IR tools. 

Skills in using computer vision systems, wearables, and 

sensor platforms allow supervisors and workers to detect 

unsafe behaviours, hazardous zones, or fatigue indicators and 

address them before accidents occur. When personnel 

understand how data are collected and what alarms or alerts 

signify, they are more likely to trust these systems and 

integrate them into daily routines rather than bypassing or 

ignoring them (Fratini, Georg & Jørgensen, 2019, Linder, 

2017). Training that combines traditional occupational health 

and safety principles with digital monitoring competencies 

can enable a more proactive safety culture. At the same time, 

skills in robotics and remote operations can support the 

displacement of workers from dangerous tasks, such as work 

at height or in confined spaces, without losing control over 

quality and productivity. 

Quality enhancement is closely tied to digital skills as well. 

Workers who can navigate models, use tablets for digital 

checklists, and interpret sensor readings are better equipped 

to ensure that construction conforms to design specifications. 

Digital skills make it easier to trace materials, document 

inspections, and retrieve information about previous work, 

which strengthens quality assurance and control processes. 

As training supports the adoption of standardised digital 
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procedures, defects can be identified earlier, lessons can be 

captured systematically, and continuous improvement 

becomes more achievable. Over time, this can shift quality 

management from a reactive, paperwork driven exercise to a 

more integrated and evidence based practice embedded in 

daily activities (Ness & Xing, 2017, Rios, 2018). 

Beyond immediate project level benefits, 4IR enabled skills 

development opens pathways for greener construction and 

circular economy practices. When professionals and site staff 

are trained to use simulation tools, life cycle assessment 

software, and material tracking systems, they can design and 

deliver projects that use resources more efficiently and emit 

fewer greenhouse gases. Skills in parametric design and BIM 

enable optimisation of material quantities, structural systems, 

and building envelopes, while competencies in data analytics 

allow teams to assess trade offs between different design 

options in terms of energy performance and embodied 

carbon. On site, skills in operating IoT platforms help 

monitor energy use, waste generation, and emissions during 

construction, enabling targeted interventions to reduce 

environmental impacts (Carter, et al., 2015, Pomponi & 

Moncaster, 2017). 

Circular economy practices also benefit from enhanced skills. 

Workers who understand digital material passports, 

deconstruction planning, and component traceability can 

support reuse and recycling strategies at the end of a 

building’s life. Prefabrication and modular construction, 

which are often supported by digital workflows, require 

specific skills in logistics, assembly, and quality control that 

can reduce waste and facilitate disassembly. Training 

programmes that combine digital competencies with 

knowledge of sustainable materials, green certifications, and 

circular business models can position workers and firms to 

respond to growing demand for low carbon and resource 

efficient construction. This alignment of skills, technology, 

and sustainability priorities can strengthen the industry’s 

contribution to climate and environmental goals (Béné, et al., 

2014, Buckman, Mayfield & BM Beck, 2014). 

The shift toward 4IR also creates an important window of 

opportunity for youth employment, gender inclusion, and 

new career trajectories. The growing need for digital skills, 

data literacy, and interdisciplinary collaboration can make 

construction more attractive to younger workers who are 

familiar with technology and looking for dynamic career 

paths. Entry level roles in digital modelling, reality capture, 

and site digitisation can provide meaningful pathways into 

the industry for graduates from diverse backgrounds, 

including those with training in information technology, 

computer science, and design. When combined with 

apprenticeships and mentoring, these roles can evolve into 

careers that blend technical, managerial, and digital 

responsibilities. 

Gender inclusion can likewise be advanced through 

deliberate skills strategies. Many 4IR related roles, such as 

BIM coordination, data analysis, digital construction 

management, and off site manufacturing, do not depend on 

heavy physical labour and can be more compatible with 

flexible working arrangements. If training programmes target 

women and other under represented groups, provide 

supportive learning environments, and challenge stereotypes 

about who belongs in construction, they can widen 

participation in these emerging roles. Visibility of women in 

digital leadership positions, combined with inclusive policies 

on recruitment, promotion, and work life balance, can 

reinforce the message that the modern construction sector 

values diverse skills and perspectives (Andrade & Bragança, 

2019, Hassler & Kohler, 2014). 

New career trajectories are likely to emerge as workers 

acquire hybrid skill sets that combine domain knowledge 

with digital and socio technical capabilities. A site engineer 

who develops strong BIM and data analytics skills may 

transition into a digital construction lead role, coordinating 

information flows across multiple projects. A craft worker 

who learns to operate and maintain robotic equipment or 

advanced prefabrication systems may progress to become a 

specialist technician, trainer, or supervisor. Professionals 

who understand both engineering principles and the logic of 

machine learning models can move into roles that bridge 

between data science teams and project delivery (Gijsbers & 

Lichtenberg, 2014, Pinder, et al., 2017). These trajectories 

offer opportunities for upward mobility and lifelong learning, 

provided that organisations recognise and reward emerging 

competencies. 

In many developing and middle income contexts, 4IR 

enabled skills development can also support broader socio 

economic objectives. Training youth in digital construction 

skills can help address high unemployment rates while 

building domestic capabilities for infrastructure delivery. 

When skills programmes are linked to local projects, such as 

housing schemes or public works, they can create direct 

pathways from training to employment and business creation. 

SMEs that invest in digital skills can position themselves to 

participate in more complex projects and regional value 

chains, increasing competitiveness and resilience. 

Partnerships between government, industry, and training 

providers can ensure that these opportunities are distributed 

more equitably, rather than being captured only by a few 

large firms (Heidrich, et al., 2017, Schmidt III, et al., 2010). 

Overall, the opportunities arising from 4IR enabled skills 

development are substantial and multidimensional. They 

encompass gains in productivity, safety, and quality at the 

project level, advances in green construction and circular 

economy practices at the system level, and expanded 

opportunities for meaningful, inclusive careers at the 

individual level. Realising these opportunities requires 

intentional strategies that link technological investments with 

coherent skills policies, proactive support for under 

represented groups, and clear pathways for progression. 

When these elements are aligned, the construction industry 

can move beyond episodic technology adoption and toward a 

more integrated transformation in which people and skills are 

at the centre of the Fourth Industrial Revolution. 

 

7. Framework for 4IR-Ready Skills Ecosystems in 

Construction 

Creating a 4IR-ready skills ecosystem for the construction 

industry requires a holistic framework that integrates 

education, training, policy, and industry collaboration into a 

coherent structure that responds dynamically to evolving 

technological and labour-market demands. The framework 

must move beyond isolated initiatives and aim to build an 

adaptive environment where learning, innovation, and work 

are tightly interlinked. A central element of this 

transformation is the redesign of curricula and training 

systems toward competency-based, flexible, and technology-

enhanced learning models that equip workers with both 

technical proficiency and transferable capabilities (Eber, 

2019, Gosling, et al., 2013). 
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A competency-based curriculum places learning outcomes, 

not time spent in classrooms, at the heart of education and 

training. Instead of focusing solely on theoretical knowledge, 

it defines clear skill standards aligned with industry 

requirements and assesses learners on their ability to 

demonstrate specific competencies in real or simulated 

contexts. In the 4IR-driven construction sector, this approach 

ensures that training remains relevant to technologies such as 

Building Information Modelling, robotics, artificial 

intelligence, drones, and digital twins. Competency standards 

must be co-developed with employers, professional bodies, 

and technology providers to reflect the full range of digital, 

managerial, and socio-technical skills now required. For 

instance, modules could combine digital modelling, data 

interpretation, and collaborative project management to 

reflect how information flows across multidisciplinary teams 

in modern construction projects (Awe, Akpan & Adekoya, 

2017, Osabuohien, 2017). 

Work-integrated learning models complement competency-

based curricula by bridging the gap between classroom 

instruction and workplace application. Apprenticeships, 

internships, and cooperative education programmes allow 

learners to gain hands-on experience with emerging 

technologies while contributing to live projects. In this 

model, academic institutions and industry partners jointly 

design learning outcomes and assessment criteria so that 

practical experience reinforces theoretical understanding. 

Digital platforms can enhance this process by enabling 

remote supervision, performance tracking, and feedback, 

making it possible for small firms or dispersed project sites 

to participate (Akpan, Awe & Idowu, 2019, Ogundipe, et al., 

2019). Through continuous engagement with workplaces, 

learners develop not only technical competence but also 

workplace behaviours such as problem-solving, 

communication, and adaptability, which are critical for 

navigating rapid technological change. 

To make these models scalable and inclusive, training 

providers need to incorporate micro-credentials and modular 

learning pathways that support lifelong skills development. 

Micro-credentials are short, focused certifications that verify 

mastery of specific competencies, such as “BIM 

Coordination Fundamentals,” “Drone-Based Site 

Surveying,” or “AI Applications in Construction 

Scheduling.” These credentials can be stacked toward larger 

qualifications, allowing workers to customise their learning 

journeys according to career goals and technological trends 

(Awe & Akpan, 2017). Digital badges and blockchain-based 

credentialing systems enhance portability and transparency, 

giving employers confidence in the validity of acquired skills. 

This modular structure also allows training systems to 

respond quickly to emerging technologies without 

overhauling entire curricula, making lifelong learning both 

practical and attractive. 

Digital simulations and virtual learning environments further 

expand opportunities for experiential learning without the 

logistical constraints of physical sites. Immersive 

technologies such as virtual reality and augmented reality can 

replicate complex construction environments, enabling 

trainees to practice safety procedures, equipment operation, 

or model coordination in a controlled, risk-free setting. AI-

driven adaptive learning systems can personalise content 

based on performance, helping learners progress efficiently 

through their individual skill gaps. When combined with 

cloud-based collaboration tools, these technologies create a 

continuous feedback loop between learning, assessment, and 

workplace application, cultivating a culture of innovation and 

self-directed learning across the sector (Ajayi & Akanji, 

2021, Ejibenam, et al., 2021, Osabuohien, Omotara & Watti, 

2021). 

Lifelong learning pathways built around such flexible 

mechanisms are essential in a 4IR context where 

technological change is constant. Workers will need to update 

their skills several times throughout their careers, shifting 

between roles as new technologies emerge. A 4IR-ready 

ecosystem must therefore support multiple entry and re-entry 

points into education, enabling individuals to move fluidly 

between training and work. Recognition of prior learning 

mechanisms can validate informal or experiential knowledge, 

reducing barriers to participation and motivating workers to 

formalise and extend their competencies (Akanji & Ajayi, 

2022, Francis Onotole, et al., 2022). Employers can 

contribute by embedding learning within work processes, 

allocating time and resources for professional development, 

and recognising skills gains in promotion and compensation 

frameworks. This integration of learning with career 

progression reinforces the perception of skills development 

as a continuous and valuable process rather than an isolated 

activity. 

Public–private partnerships play a pivotal role in 

coordinating and sustaining this ecosystem. Governments 

can provide strategic direction, funding, and regulatory 

frameworks that encourage industry investment in skills, 

while private sector partners supply the technological 

infrastructure, industry expertise, and demand signals needed 

to keep training relevant. Collaborative initiatives can include 

joint training centres, shared digital platforms, and innovation 

hubs that bring together academia, technology firms, and 

construction companies to pilot new curricula and assess 

emerging technologies. For instance, national construction 

innovation agencies or councils could administer skills 

foresight studies to anticipate future workforce needs, 

ensuring that training investments align with long-term 

economic and technological priorities (Awe, 2021, Halliday, 

2021). 

Professional bodies and accreditation organisations act as 

intermediaries that translate these collaborations into 

recognised standards and qualifications. They can define 

competency frameworks for digital construction roles, 

accredit training providers, and ensure that credentials are 

portable across borders and projects. By updating 

membership requirements and continuing professional 

development obligations to include digital and sustainability 

competencies, professional institutions can incentivise 

lifelong learning among their members. They also provide 

forums for knowledge exchange, mentoring, and the 

dissemination of best practices, thereby reinforcing a shared 

culture of continuous improvement (Adeshina, 2021, Isa, 

Johnbull & Ovenseri, 2021, Wegner, Omine & Vincent, 

2021). 

Policy support is essential to underpin and scale these efforts. 

National skills strategies should explicitly integrate 

construction within broader digital transformation and 

sustainability agendas, recognising the sector’s critical role in 

infrastructure, housing, and climate resilience. Policy 

measures could include tax incentives or subsidies for 

companies that invest in employee training, grants for digital 

equipment in vocational schools, and funding for research on 

technology adoption and labour-market impacts. Regulations 
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should also evolve to accommodate new training modalities, 

such as online learning and micro-credentials, ensuring their 

recognition in public procurement and licensing processes. 

Importantly, policy must address inclusion by targeting 

women, youth, and informal workers through outreach 

programmes, scholarships, and community-based training 

initiatives that expand access to 4IR-related skills (Ajayi & 

Akanji, 2023, Halliday, 2023). 

An effective 4IR-ready skills ecosystem must also prioritise 

data collection and evaluation. Skills observatories and 

digital dashboards can track enrolments, certifications, 

employment outcomes, and technological diffusion, enabling 

policymakers and industry stakeholders to adjust strategies in 

real time. Shared data platforms can reveal emerging skill 

shortages, support career guidance services, and connect 

learners to opportunities for training and employment. When 

coupled with predictive analytics, such systems can 

anticipate shifts in labour demand caused by automation, 

guiding proactive reskilling rather than reactive displacement 

(Akinbode, et al., 2023, Onibokun, et al., 2023, Osabuohien, 

et al., 2023). 

Finally, fostering a culture of collaboration and innovation is 

as important as designing structures and policies. The success 

of any framework depends on the willingness of stakeholders 

to invest jointly in human capital, share knowledge, and align 

their incentives. Education institutions must embrace co-

creation with industry and experiment with new pedagogical 

models. Employers need to view skills development as a 

strategic driver of competitiveness rather than a compliance 

cost. Governments should facilitate experimentation through 

agile regulation that encourages innovation while 

safeguarding standards (Akande & Chukwunweike, 2023, 

Awe, et al., 2023, Ogundipe, et al., 2023). Professional 

bodies and unions can help manage transitions by ensuring 

that technological change translates into better work and not 

job insecurity. Together, these efforts can transform 

construction from one of the least digitised sectors into a 

model of inclusive and sustainable industrial transformation. 

In sum, a framework for 4IR-ready skills ecosystems in 

construction integrates competency-based and work-

integrated education, modular and lifelong learning 

pathways, and strong public–private and professional 

partnerships supported by forward-looking policies. It 

envisions a dynamic learning environment where workers 

continually acquire, apply, and update the skills needed to 

harness new technologies responsibly and effectively. Such a 

system not only enhances productivity, safety, and quality but 

also promotes social inclusion, environmental sustainability, 

and economic resilience. By positioning skills development 

as the foundation of digital transformation, the construction 

industry can ensure that the Fourth Industrial Revolution 

becomes a catalyst for shared progress rather than a source of 

division (Uzoho, 2022). 

 

8. Implementation Strategies and Policy Implications 

Effective implementation of 4IR-ready skills development in 

the construction industry requires aligned strategies across 

national, sectoral, and organisational levels, so that individual 

training efforts are reinforced rather than isolated. At the 

national level, governments can embed construction skills 

within broader digital transformation and industrial policies, 

recognising the sector as both a major employer and a critical 

enabler of infrastructure, housing, and climate resilience. 

National skills roadmaps can articulate priority competencies 

for construction, including BIM, digital project management, 

data analytics, robotics operation, and green building 

practices, and can set out phased targets for adoption (Ajayi 

& Akanji, 2022, John & Oyeyemi, 2022, Osabuohien, 2022). 

These strategies should be informed by labour-market 

intelligence, developed in consultation with industry and 

professional bodies, and sensitive to regional and sectoral 

variations. Organisational strategies complement these 

efforts when construction firms, clients, and supply chain 

partners treat reskilling and upskilling as central to business 

models, incorporating skills plans into corporate digital 

transformation agendas and aligning training with project 

pipelines. 

Within firms, practical implementation begins with 

systematic skills audits that map existing capabilities against 

current and anticipated technological demands. These audits 

can inform competency frameworks and training plans that 

differentiate between foundational digital literacy, role-

specific technical skills, and advanced specialist expertise. 

Firms can adopt blended approaches that combine on-the-job 

training, formal courses, mentoring, and peer learning, while 

embedding learning activities into project routines so that 

training is not perceived as an interruption (Adeshina, 2023, 

Onyedikachi, et al., 2023, Wegner & Ayansiji, 2023). Larger 

organisations may establish internal academies or centres of 

excellence for digital construction, whereas small and 

medium-sized enterprises may rely more heavily on 

consortium-based initiatives, sector training organisations, or 

partnerships with colleges and universities. In all cases, 

leadership commitment is essential, since managers must 

allocate time, budget, and recognition for learning, and must 

model engagement with digital tools themselves to legitimise 

new practices (Akande, et al., 2023). 

The establishment of robust standards, certification, and 

accreditation systems for 4IR-related competencies is a key 

enabling condition for these strategies. Without clear and 

recognised benchmarks, it is difficult for employers, workers, 

and training providers to coordinate expectations or to assess 

whether learning investments are yielding relevant skills. 

Competency standards for roles such as BIM manager, digital 

construction coordinator, drone survey technician, or robotics 

maintenance specialist can be developed through 

collaborative processes involving industry, professional 

institutions, and technology vendors (Akpan, et al., 2017, 

Oni, et al., 2018). These standards should describe not only 

technical proficiency but also associated behavioural and 

ethical expectations, such as data protection, safety, and 

collaboration in digital environments. Once defined, they can 

underpin occupational profiles, job descriptions, and career 

progression pathways, providing transparency for both 

employers and workers. 

Certification schemes then operationalise these standards by 

providing mechanisms for assessing and recognising 

competence. Independent, accredited certification bodies can 

offer examinations, practical assessments, or portfolio-based 

evaluations that verify that individuals have achieved defined 

outcomes. Vendor-neutral certifications are particularly 

valuable where technologies change rapidly, although 

vendor-specific credentials retain a role where particular 

platforms dominate practice (Adeleke & Ajayi, 2023, 

Adeshina, Owolabi & Olasupo, 2023, Oyeyemi, 2023). 

Professional bodies can further reinforce these mechanisms 

by linking membership grades or chartered status to 

demonstrable digital and sustainability competencies, 
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thereby signalling market value for individuals who invest in 

upskilling. At the institutional level, accreditation of 

educational and training programmes ensures that curricula 

align with agreed standards and that facilities, staff, and 

assessment practices are adequate to deliver 4IR-ready skills. 

Periodic review of standards and accreditation criteria is 

necessary to keep pace with technological and organisational 

change. 

Implementation also depends on sustainable funding 

mechanisms, incentives, and monitoring and evaluation 

approaches that support both employers and learners. On the 

public side, governments can provide targeted grants or 

subsidies for training in priority areas, particularly for SMEs 

and disadvantaged groups that might otherwise be excluded. 

Training vouchers, levy-grant schemes, and co-funding 

models can encourage firms to invest while sharing risks 

between public and private actors. For example, a national 

training fund financed through a modest payroll levy on 

larger firms could be used to subsidise course fees for smaller 

contractors that demonstrate commitment to digital 

upskilling. Public capital investments in modern training 

infrastructure, such as digital fabrication labs, simulation 

centres, and shared BIM platforms, can also reduce entry 

barriers for education providers and industry partners (Ajayi 

& Akanji, 2022, Leonard & Emmanuel, 2022). 

Financial incentives can be aligned with regulatory 

instruments to reinforce skills development. Public 

procurement policies may include evaluation criteria that 

reward bidders who demonstrate robust training plans, 

certified digital competencies, and inclusive workforce 

strategies. Tax incentives can be offered for demonstrable 

expenditure on staff training related to digital and green 

construction capabilities. Conversely, regulatory 

requirements for certain categories of work, such as digital 

submissions for planning approvals or mandatory use of BIM 

on public projects, can create strong demand for relevant 

skills, provided that support mechanisms are in place to help 

firms and workers meet new obligations (Abdulkareem, et 

al., 2023, Adeleke & Ajayi, 2023, Halliday, 2023). Careful 

design is needed so that such regulations do not inadvertently 

exclude smaller firms or informal workers, which underlines 

the importance of complementary support and transitional 

arrangements. 

Monitoring and evaluation are essential to ensure that 

implementation strategies remain effective and to inform 

continuous improvement. At the national level, skills 

observatories or sector councils can collect and analyse data 

on training participation, certification rates, labour-market 

outcomes, and technology adoption patterns in construction. 

These data can reveal where skills shortages are most acute, 

which programmes are delivering strong outcomes, and 

where gaps persist for specific groups such as women, youth, 

or workers in rural regions. Regular reporting can inform 

policy adjustments, such as modifying funding allocations, 

updating competency standards, or launching targeted 

outreach initiatives. At the organisational level, firms can 

track indicators such as training hours, certification 

attainment, productivity metrics, project error rates, and 

safety performance to assess whether digital skills initiatives 

are translating into operational improvements 

(Ogunyankinnu, et al., 2022, Onibokun, et al., 2022). 

Evaluation frameworks should also consider qualitative 

dimensions, including worker perceptions of training 

relevance, changes in organisational culture, and levels of 

collaboration across disciplines. Mixed-methods approaches, 

combining surveys, interviews, case studies, and quantitative 

data, can provide a richer picture of how skills interventions 

influence behaviour and outcomes over time. Lessons learned 

from pilot projects, innovation labs, or demonstration sites 

can be documented and disseminated through professional 

networks, conferences, and online platforms, helping to scale 

successful practices and avoid duplication of effort. 

International cooperation and benchmarking can add further 

value by enabling countries and industries to compare their 

progress with peers, adapt successful models to local 

contexts, and avoid common pitfalls (Akande, et al., 2023, 

Akinbode, Taiwo & Uchenna, 2023, Onotole, et al., 2023). 

Ultimately, implementation strategies and policy 

implications converge on the recognition that advancing 

skills for 4IR in construction is both a technical and a social 

project. It requires deliberate coordination between national 

and organisational strategies, transparent and trusted systems 

of standards and accreditation, and thoughtful design of 

funding, incentives, and evaluation mechanisms. Where 

these elements are aligned, construction workforces can 

transition more smoothly into digital, data-rich environments, 

and the benefits of improved productivity, safety, quality, and 

sustainability can be broadly shared (Ajayi & Akanji, 2022, 

Isa, 2022). Where they remain fragmented or under-

resourced, the industry risks a dual labour market in which a 

minority of highly skilled workers and firms capture the gains 

of digitalisation while others are left behind. The policy 

challenge, therefore, is not only to promote technology 

adoption but to ensure that human capabilities are developed 

in tandem, so that the Fourth Industrial Revolution becomes 

an opportunity for inclusive and resilient transformation 

across the construction sector. 

 

9. Conclusion 

Advancing skills for the construction industry in the era of 

the Fourth Industrial Revolution demands a fundamental 

rethinking of how the sector prepares, supports, and values 

its workforce. The preceding analysis has shown that 4IR 

technologies such as BIM, artificial intelligence, robotics, 

drones, IoT, additive manufacturing, and digital twins are 

reshaping project delivery, productivity, safety, and 

sustainability. At the same time, this transformation is 

constrained by persistent skills gaps, misalignment between 

education and industry needs, organisational and cultural 

resistance, and structural disadvantages faced by SMEs, 

informal workers, and many actors in developing economies. 

Yet these challenges coexist with significant opportunities to 

enhance performance, support green and circular 

construction practices, and open new, more inclusive career 

pathways, particularly for young people and under 

represented groups. The central conclusion is that skills are 

not a peripheral concern but the decisive factor that will 

determine whether 4IR in construction deepens existing 

divides or becomes a catalyst for sector-wide progress. 

For industry stakeholders, the implications are clear. Firms 

that treat skills development as a strategic investment rather 

than an optional cost are better positioned to realise the 

benefits of digital transformation. This includes undertaking 

systematic skills audits, defining clear competency 

frameworks for emerging digital and hybrid roles, and 

embedding learning in project routines through work-

integrated models. Leadership must be visible in adopting 

and using digital tools, fostering a culture that encourages 
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experimentation, knowledge sharing, and continuous 

improvement. Supply chain relationships also need to evolve, 

with main contractors and clients recognising that their own 

digital ambitions depend on the capabilities of SMEs and 

subcontractors, and therefore supporting joint training 

initiatives rather than pushing risks down the chain. 

For educators and training providers, the 4IR context calls for 

curricula and pedagogy that are more integrated, practice 

oriented, and flexible. Competency-based models linked to 

real project workflows, combined with apprenticeships, 

internships, and digital simulations, can help bridge the gap 

between classroom and site. Programmes need to blend 

technical digital skills with socio-technical capabilities such 

as collaboration, data literacy, and change management, 

reflecting the reality that technology adoption is as much 

about people and processes as tools and software. Modular 

learning, micro-credentials, and recognition of prior learning 

can support lifelong development and make it easier for 

workers to re-enter education at different stages of their 

careers. Importantly, outreach and support mechanisms are 

required to ensure that women, youth, and workers from 

disadvantaged backgrounds can access and benefit from these 

opportunities. 

Policymakers, in turn, have a crucial role in shaping an 

enabling environment for 4IR-ready skills ecosystems. 

National skills strategies need to integrate construction within 

broader digital, industrial, and green transition agendas, 

backed by clear standards, funding mechanisms, and 

incentives. Policies can encourage firms to invest in training 

through levy-grant schemes, tax incentives, and procurement 

criteria that reward workforce development and inclusive 

practices. Regulatory frameworks should evolve to recognise 

digital processes and new occupational profiles, while 

avoiding undue burdens that might exclude smaller firms. At 

the same time, public investment in shared infrastructure such 

as innovation hubs, digital training centres, and sector-wide 

platforms can reduce entry barriers and foster collaboration 

among education institutions, industry, and technology 

providers. Robust monitoring and evaluation systems are 

needed to track progress, identify emerging skills gaps, and 

inform timely adjustments in policy and practice. 

Future research and action should focus on several 

interlinked areas. First, there is a need for more empirical 

evidence on the impacts of specific 4IR technologies on skills 

demand, productivity, safety, and sustainability across 

different project types and regional contexts. Comparative 

case studies can illuminate which implementation strategies 

are most effective and under what conditions. Second, more 

work is required to design and test inclusive training models 

that reach SMEs, informal workers, and marginalised groups, 

particularly in developing economies where structural 

constraints are most acute. Third, interdisciplinary research 

on the human and organisational dimensions of digital 

transformation can deepen understanding of how culture, 

leadership, and change management practices influence the 

success of skills initiatives. Finally, collaborative foresight 

exercises that bring together industry, policymakers, 

educators, and researchers can help anticipate future skill sets 

and guide the iterative refinement of competency frameworks 

and qualifications. 

Overall, building a 4IR-ready construction workforce is a 

long-term endeavour that demands coordinated, sustained 

effort across multiple stakeholders. It involves aligning 

technology investments with human capital development, 

linking project-level innovations with system-level reforms, 

and ensuring that the gains from digitalisation are both 

substantial and broadly shared. If these conditions are met, 

the construction industry can move beyond incremental 

improvements and achieve a more profound transformation 

in which workers are empowered, projects are more 

productive and sustainable, and the sector contributes more 

effectively to inclusive economic and social development in 

the decades ahead. 

 

References 

1. Abdulkareem AO, Akande JO, Babalola O, Samson A, 

Folorunso S. Privacy-preserving AI for cybersecurity: 

homomorphic encryption in threat intelligence sharing. 

2023. 

2. Abdulrazaq M. Model drift in high-risk systems: a mini-

review of dataset shift and predictive decay. Commun 

Phys Sci. 2023. 

3. Abdulrazaq M. Rare-event prediction in imbalanced 

data: a unified evaluation and optimization framework 

for high-risk systems. Commun Phys Sci. 

2023;9(4):968-79. 

4. Adams KT, Osmani M, Thorpe T, Thornback J. Circular 

economy in construction: current awareness, challenges 

and enablers. Proc Inst Civ Eng Waste Resour Manag. 

2017;170(1):15-24. 

5. Adeleke O, Ajayi SAO. A model for optimizing revenue 

cycle management in healthcare Africa and USA: AI and 

IT solutions for business process automation. 2023. 

6. Adeleke O, Baidoo G. Developing PMI-aligned project 

management competency programs for clinical and 

financial healthcare leaders. Int J Multidiscip Res 

Growth Eval. 2022 Feb 3;3(1):1204-22. 

7. Adepeju AS, Ojuade S, Eneh FI, Olisa AO, Odozor LA. 

Gamification of savings and investment products. Res J 

Bus Econ. 2023;1(1):88-100. 

8. Adeshina YT. Leveraging business intelligence 

dashboards for real-time clinical and operational 

transformation in healthcare enterprises. 2021. 

9. Adeshina YT. Strategic implementation of predictive 

analytics and business intelligence for value-based 

healthcare performance optimization in US health sector. 

2023. 

10. Adeshina YT, Owolabi BO, Olasupo SO. A US national 

framework for quantum-enhanced federated analytics in 

population health early-warning systems. 2023. 

11. Ajayi SAO, Akanji OO. Impact of BMI and menstrual 

cycle phases on salivary amylase: a physiological and 

biochemical perspective. 2021. 

12. Ajayi SAO, Akanji OO. Air quality monitoring in 

Nigeria’s urban areas: effectiveness and challenges in 

reducing public health risks. 2022. 

13. Ajayi SAO, Akanji OO. Efficacy of mobile health apps 

in blood pressure control in USA. 2022. 

14. Ajayi SAO, Akanji OO. Substance abuse treatment 

through telehealth: public health impacts for Nigeria. 

2022. 

15. Ajayi SAO, Akanji OO. Telecardiology for rural heart 

failure management: a systematic review. 2022. 

16. Ajayi SAO, Akanji OO. AI-powered telehealth tools: 

implications for public health in Nigeria. 2023. 

17. Ajayi SAO, Akanji OO. Impact of AI-driven 

electrocardiogram interpretation in reducing diagnostic 

delays. 2023. 



International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com  

 
    1596 | P a g e  

 

18. Akadiri PO, Chinyio EA, Olomolaiye PO. Design of a 

sustainable building: a conceptual framework for 

implementing sustainability in the building sector. 

Buildings. 2012;2(2):126-52. 

19. Akande JO, Chukwunweike J. Developing scalable data 

pipelines for real-time anomaly detection in industrial 

IoT sensor networks. 2023. 

20. Akande JO, Raji OMO, Babalola O, Abdulkareem AO, 

Samson A, Folorunso S. Explainable AI for 

cybersecurity: interpretable intrusion detection in 

encrypted traffic. 2023. 

21. Akande JO, Raji OMO, Babalola O, Abdulkareem AO, 

Samson A, Folorunso S. Explainable AI for 

cybersecurity: interpretable intrusion detection in 

encrypted traffic. 2023. 

22. Akande JO, Raji OMO, Babalola O, Abdulkareem AO, 

Samson A, Folorunso S. Explainable AI for 

cybersecurity: interpretable intrusion detection in 

encrypted traffic. 2023. 

23. Akanji OO, Ajayi SAO. Efficacy of mobile health apps 

in blood pressure control. Int J Multidiscip Res Growth 

Eval. 2022 Feb 7;3(5):635-40. 

24. Akileswaran K, Hutchinson G. Adapting to the 4IR: 

Africa’s development in the age of automation. London: 

Tony Blair Institute for Global Change; 2019. 

25. Akinbode AK, Olinmah FI, Chima OK, Okare BP, 

Adeloju TD. A KPI optimization framework for 

institutional performance using R and business 

intelligence tools. Gyanshauryam Int Sci Refereed Res J. 

2023;6(5):274-308. 

26. Akinbode AK, Olinmah FI, Chima OK, Okare BP, 

Aduloju TD. A time-series forecasting model for energy 

demand planning and utility rate design in the US. 2023. 

27. Akinbode AK, Taiwo KA, Uchenna E. Customer 

lifetime value modeling for e-commerce platforms using 

machine learning and big data analytics: a 

comprehensive framework for the US market. Iconic Res 

Eng J. 2023;7(6):565-77. 

28. Akomea-Agyin K, Asante M. Analysis of security 

vulnerabilities in wired equivalent privacy (WEP). Int 

Res J Eng Technol. 2019;6(1):529-36. 

29. Akpan UU, Adekoya KO, Awe ET, Garba N, Oguncoker 

GD, Ojo SG. Mini-STRs screening of 12 relatives of 

Hausa origin in northern Nigeria. Niger J Basic Appl Sci. 

2017;25(1):48-57. 

30. Akpan UU, Awe TE, Idowu D. Types and frequency of 

fingerprint minutiae in individuals of Igbo and Yoruba 

ethnic groups of Nigeria. Ruhuna J Sci. 2019;10(1). 

31. Alade K, Windapo A. 4IR leadership effectiveness and 

practical implications for construction business 

organisations. In: Construction Industry Development 

Board Postgraduate Research Conference. Cham: 

Springer; 2019. p. 62-70. 

32. Andrade JB, Bragança L. Assessing buildings’ 

adaptability at early design stages. IOP Conf Ser Earth 

Environ Sci. 2019;225(1):012012. 

33. Asante M, Akomea-Agyin K. Analysis of security 

vulnerabilities in wifi-protected access pre-shared key. 

2019. 

34. Awe ET. Hybridization of snout mouth deformed and 

normal mouth African catfish Clarias gariepinus. Anim 

Res Int. 2017;14(3):2804-8. 

35. Awe ET, Akpan UU. Cytological study of Allium 

cepa and Allium sativum. 2017. 

36. Awe ET, Akpan UU, Adekoya KO. Evaluation of two 

MiniSTR loci mutation events in five father-mother-

child trios of Yoruba origin. Niger J Biotechnol. 

2017;33:120-4. 

37. Awe T. Cellular localization of iron-handling proteins 

required for magnetic orientation in C. elegans. 2021. 

38. Awe T, Akinosho A, Niha S, Kelly L, Adams J, Stein W, 

et al. The AMsh glia of C. elegans modulates the 

duration of touch-induced escape responses. bioRxiv. 

2023 Dec. 

39. Bayode A, van der Poll JA, Ramphal RR. 4th industrial 

revolution: challenges and opportunities in the South 

African context. In: Conference on science, engineering 

and waste management (SETWM-19). 2019. p. 174-80. 

40. Behera M, Bhattacharyya SK, Minocha AK, Deoliya R, 

Maiti S. Recycled aggregate from C&D waste & its use 

in concrete – a breakthrough towards sustainability in 

construction sector: a review. Constr Build Mater. 

2014;68:501-16. 

41. Béné C, Newsham A, Davies M, Ulrichs M, Godfrey-

Wood R. Resilience, poverty and development. J Int 

Dev. 2014;26(5):598-623. 

42. Bicket M, Guilcher S, Hestin M, Hudson C, Razzini P, 

Tan A, et al. Scoping study to identify potential circular 

economy actions, priority sectors, material flows and 

value chains. 2014. 

43. Buckman AH, Mayfield M, BM Beck S. What is a smart 

building? Smart Sustain Built Environ. 2014;3(2):92-

109. 

44. Carter JG, Cavan G, Connelly A, Guy S, Handley J, 

Kazmierczak A. Climate change and the city: building 

capacity for urban adaptation. Prog Plann. 2015;95:1-66. 

45. Chukwuemeka VOD, Wegner C, Damilola O. 

Sustainability and low-carbon transitions in offshore 

energy systems: a review of inspection and monitoring 

challenges. J Front Multidiscip Res. 2023 

Oct;4(02):273-85. 

46. Ejibenam A, Onibokun T, Oladeji KD, Onayemi HA, 

Halliday N. The relevance of customer retention to 

organizational growth. J Front Multidiscip Res. 

2021;2(1):113-20. 

47. Francis Onotole E, Ogunyankinnu T, Adeoye Y, 

Osunkanmibi AA, Aipoh G, Egbemhenghe J. The role of 

generative AI in developing new supply chain strategies 

– future trends and innovations. 2022. 

48. Fratini CF, Georg S, Jørgensen MS. Exploring circular 

economy imaginaries in European cities: a research 

agenda for the governance of urban sustainability 

transitions. J Clean Prod. 2019;228:974-89. 

49. Ghisellini P, Ripa M, Ulgiati S. Exploring environmental 

and economic costs and benefits of a circular economy 

approach to the construction and demolition sector: a 

literature review. J Clean Prod. 2018;178:618-43. 

50. Gijsbers R, Lichtenberg J. Demand driven selection of 

adaptable building technologies for flexibility-in-use. 

Smart Sustain Built Environ. 2014;3(3):237-60. 

51. Gosling J, Sassi P, Naim M, Lark R. Adaptable 

buildings: a systems approach. Sustain Cities Soc. 

2013;7:44-51. 

52. Guo S, Zheng S, Hu Y, Hong J, Wu X, Tang M. 

Embodied energy use in the global construction industry. 

Appl Energy. 2019;256:113838. 

53. Halliday N. A conceptual framework for financial 

network resilience integrating cybersecurity, risk 



International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com  

 
    1597 | P a g e  

 

management and digital infrastructure stability. Int J Adv 

Multidiscip Res Stud. 2023;3:1253-63. 

54. Halliday NN. Assessment of major air pollutants, impact 

on air quality and health impacts on residents: case study 

of cardiovascular diseases [master's thesis]. Cincinnati 

(OH): University of Cincinnati; 2021. 

55. Hampson KD, Kraatz JA, Sanchez AX. The global 

construction industry and R&D. In: R&D investment and 

impact in the global construction industry. Routledge; 

2014. p. 4-23. 

56. Hassler U, Kohler N. Resilience in the built 

environment. Build Res Inf. 2014;42(2):119-29. 

57. Heidrich O, Kamara J, Maltese S, Re Cecconi F, Dejaco 

MC. A critical review of the developments in building 

adaptability. Int J Build Pathol Adapt. 2017;35(4):284-

303. 

58. Heshmati A. A review of the circular economy and its 

implementation. Int J Green Econ. 2017;11(3-4):251-88. 

59. Heyes G, Sharmina M, Mendoza JMF, Gallego-Schmid 

A, Azapagic A. Developing and implementing circular 

economy business models in service-oriented 

technology companies. J Clean Prod. 2018;177:621-32. 

60. Hirschi A. The fourth industrial revolution: issues and 

implications for career research and practice. Career Dev 

Q. 2018;66(3):192-204. 

61. Hofmann E, Rüsch M. Industry 4.0 and the current status 

as well as future prospects on logistics. Comput Ind. 

2017;89:23-34. 

62. Huang L, Krigsvoll G, Johansen F, Liu Y, Zhang X. 

Carbon emission of global construction sector. Renew 

Sustain Energy Rev. 2018;81:1906-16. 

63. Iacovidou E, Millward-Hopkins J, Busch J, Purnell P, 

Velis CA, Hahladakis JN, et al. A pathway to circular 

economy: developing a conceptual framework for 

complex value assessment of resources recovered from 

waste. J Clean Prod. 2017;168:1279-88. 

64. Isa AK. Management of bipolar disorder. Abuja: 

Maitama District Hospital; 2022. 

65. Isa AK. Occupational hazards in the healthcare system. 

Abuja: Gwarinpa General Hospital; 2022. 

66. Isa AK, Johnbull OA, Ovenseri AC. Evaluation of Citrus 

sinensis (orange) peel pectin as a binding agent in 

erythromycin tablet formulation. World J Pharm Pharm 

Sci. 2021;10(10):188-202. 

67. Ivanova D, Stadler K, Steen-Olsen K, Wood R, Vita G, 

Tukker A, et al. Environmental impact assessment of 

household consumption. J Ind Ecol. 2016;20(3):526-36. 

68. Jackson M, Lederwasch A, Giurco D. Transitions in 

theory and practice: managing metals in the circular 

economy. Resources. 2014;3(3):516-43. 

69. John AO, Oyeyemi BB. The role of AI in oil and gas 

supply chain optimization. Int J Multidiscip Res Growth 

Eval. 2022;3(1):1075-86. 

70. Kamaruzaman FM, Hamid R, Mutalib AA, Rasul MS. 

Conceptual framework for the development of 4IR skills 

for engineering graduates. Glob J Eng Educ. 

2019;21(1):54-61. 

71. Kapsalis VC, Kyriakopoulos GL, Aravossis KG. 

Investigation of ecosystem services and circular 

economy interactions under an inter-organizational 

framework. Energies. 2019;12(9):1734. 

72. Kayembe C, Nel D. Challenges and opportunities for 

education in the Fourth Industrial Revolution. Afr J 

Public Aff. 2019;11(3):79-94. 

73. Keogh M, Smallwood JJ. The role of the 4th Industrial 

Revolution (4IR) in enhancing performance within the 

construction industry. IOP Conf Ser Earth Environ Sci. 

2021;654(1):012021. 

74. Koh L, Orzes G, Jia F. The fourth industrial revolution 

(Industry 4.0): technologies disruption on operations and 

supply chain management. Int J Oper Prod Manag. 

2019;39(6/7/8):817-28. 

75. Lamba K, Singh SP. Big data in operations and supply 

chain management: current trends and future 

perspectives. Prod Plann Control. 2017;28(11-12):877-

90. 

76. Leising E, Quist J, Bocken N. Circular economy in the 

building sector: three cases and a collaboration tool. J 

Clean Prod. 2018;176:976-89. 

77. Leonard AU, Emmanuel OI. Estimation of utilization 

index and excess lifetime cancer risk in soil samples 

using gamma ray spectrometry in Ibolo-Oraifite, 

Anambra State, Nigeria. Am J Environ Sci Eng. 

2022;6(1):71-9. 

78. Li G, Hou Y, Wu A. Fourth Industrial Revolution: 

technological drivers, impacts and coping methods. Chin 

Geogr Sci. 2017;27(4):626-37. 

79. Linder M. Ripe for disruption: reimagining the role of 

green chemistry in a circular economy. Green Chem Lett 

Rev. 2017;10(4):428-35. 

80. Mabo T, Swar B, Aghili S. A vulnerability study of 

mHealth chronic disease management (CDM) 

applications (apps). In: World Conference on 

Information Systems and Technologies. Cham: 

Springer; 2018. p. 587-98. 

81. Manda MI, Ben Dhaou S. Responding to the challenges 

and opportunities in the 4th Industrial revolution in 

developing countries. In: Proceedings of the 12th 

international conference on theory and practice of 

electronic governance. 2019. p. 244-53. 

82. Manniche J, Topsø Larsen K, Brandt Broegaard R, 

Holland E. Destination: a circular tourism economy – a 

handbook for transitioning toward a circular economy 

within the tourism and hospitality sectors in the South 

Baltic Region. 2017. 

83. Matabane K. Assessment of the dynamic capabilities of 

South African construction organisations in the era of the 

Fourth Industrial Revolution [dissertation]. 

Johannesburg: University of Johannesburg; 2019. 

84. Mathur V, Aneja U, Anwar IA, Shridhar A, Sánchez N. 

Future of work in Sri Lanka: shaping technology 

transitions for a brighter future. 2019. 

85. Mendoza JMF, Sharmina M, Gallego-Schmid A, Heyes 

G, Azapagic A. Integrating backcasting and eco-design 

for the circular economy: the BECE framework. J Ind 

Ecol. 2017;21(3):526-44. 

86. Mitchell J, Guile D. Fusion skills and industry 5.0: 

conceptions and challenges. In: Insights into global 

engineering education after the birth of industry 5.0. 

2022. p. 53. 

87. Moraga G, Huysveld S, Mathieux F, Blengini GA, 

Alaerts L, Van Acker K, et al. Circular economy 

indicators: what do they measure? Resour Conserv 

Recycl. 2019;146:452-61. 

88. Morrar R, Arman H, Mousa S. The fourth industrial 

revolution (Industry 4.0): a social innovation 

perspective. Technol Innov Manag Rev. 2017;7(11):12-

20. 



International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com  

 
    1598 | P a g e  

 

89. Mylan J, Holmes H, Paddock J. Re-introducing 

consumption to the ‘circular economy’: a sociotechnical 

analysis of domestic food provisioning. Sustainability. 

2016;8(8):794. 

90. Nambiar ES. Tamm Review: re-imagining forestry and 

wood business: pathways to rural development, poverty 

alleviation and climate change mitigation in the tropics. 

For Ecol Manag. 2019;448:160-73. 

91. Nasir MHA, Genovese A, Acquaye AA, Koh SCL, 

Yamoah F. Comparing linear and circular supply chains: 

a case study from the construction industry. Int J Prod 

Econ. 2017;183:443-57. 

92. Ness DA, Xing K. Toward a resource-efficient built 

environment: a literature review and conceptual model. 

J Ind Ecol. 2017;21(3):572-92. 

93. Ogundipe F, Bakare OI, Sampson E, Folorunso A. 

Harnessing digital transformation for Africa’s growth: 

opportunities and challenges in the technological era. 

2023. 

94. Ogundipe F, Sampson E, Bakare OI, Oketola O, 

Folorunso A. Digital transformation and its role in 

advancing the Sustainable Development Goals (SDGs). 

Transformation. 2019;19:48. 

95. Ogunyankinnu T, Onotole EF, Osunkanmibi AA, 

Adeoye Y, Aipoh G, Egbemhenghe J. Blockchain and AI 

synergies for effective supply chain management. 2022. 

96. Ogunyankinnu T, Onotole EF, Osunkanmibi AA, 

Adeoye Y, Aipoh G, Egbemhenghe JB. AI synergies for 

effective supply chain management. Int J Multidiscip 

Res Growth Eval. 2022;3(4):569-80. 

97. Oni O, Adeshina YT, Iloeje KF, Olatunji OO. Artificial 

intelligence model fairness auditor for loan systems. 

Journal ID. 2018;8993:1162. 

98. Onibokun T, Ejibenam A, Ekeocha PC, Oladeji KD, 

Halliday N. The impact of personalization on customer 

satisfaction. J Front Multidiscip Res. 2023;4(1):333-41. 

99. Onibokun T, Ejibenam A, Ekeocha PC, Onayemi HA, 

Halliday N. The use of AI to improve CX in SAAS 

environment. 2022. 

100. Onotole EF, Ogunyankinnu T, Osunkanmibi AA, 

Adeoye Y, Ukatu CE, Ajayi OA. AI-driven optimization 

for vendor-managed inventory in dynamic supply 

chains. 2023. 

101. Onyedikachi JO, Baidoo D, Frimpong JA, Olumide O, 

Bamisaye CK, Rekiya AI. Modelling land suitability for 

optimal rice cultivation in Ebonyi State, Nigeria: a 

comparative study of empirical Bayesian kriging and 

inverse distance weighted geostatistical models. 2023. 

102. Onyekachi O, Onyeka IG, Chukwu ES, Emmanuel IO, 

Uzoamaka NE. Assessment of heavy metals; lead (Pb), 

cadmium (Cd) and mercury (Hg) concentration in 

Amaenyi dumpsite Awka. IRE J. 2020;3:41-53. 

103. Oosthuizen J. The determinants of fourth industrial 

revolution leadership dexterity: a proposed framework 

for 4IR-intelligence and subsequent 4IR leadership 

development. In: 4th International Conference on 

Responsible Leadership. 2017 Mar;30(3):243-59. 

104. Ormazabal M, Prieto-Sandoval V, Puga-Leal R, Jaca C. 

Circular economy in Spanish SMEs: challenges and 

opportunities. J Clean Prod. 2018;185:157-67. 

105. Osabuohien FO. Review of the environmental impact of 

polymer degradation. Commun Phys Sci. 2017;2(1). 

106. Osabuohien FO. Green analytical methods for 

monitoring APIs and metabolites in Nigerian 

wastewater: a pilot environmental risk study. Commun 

Phys Sci. 2019;4(2):174-86. 

107. Osabuohien FO. Sustainable management of post-

consumer pharmaceutical waste: assessing international 

take-back programs and advanced disposal technologies 

for environmental protection. 2022. 

108. Osabuohien FO, Omotara BS, Watti OI. Mitigating 

antimicrobial resistance through pharmaceutical effluent 

control: adopted chemical and biological methods and 

their global environmental chemistry implications. 2021. 

109. Osabuohien F, Djanetey GE, Nwaojei K, Aduwa SI. 

Wastewater treatment and polymer degradation: role of 

catalysts in advanced oxidation processes. World J Adv 

Eng Technol Sci. 2023;9:443-55. 

110. Oyeyemi BB. Artificial intelligence in agricultural 

supply chains: lessons from the US for Nigeria. 2022. 

111. Oyeyemi BB. From warehouse to wheels: rethinking 

last-mile delivery strategies in the age of e-commerce. 

2022. 

112. Oyeyemi BB. Data-driven decisions: leveraging 

predictive analytics in procurement software for smarter 

supply chain management in the United States. 2023. 

113. Oyeyemi BB, Kabirat SM. Forecasting the future of 

autonomous supply chains: readiness of Nigeria vs. the 

US. 2023. 

114. Pedron Z. The skills revolution of the 21st century: it’s 

time to re-calibrate. On Research (J EU Bus School). 

2018;1:20-8. 

115. Penprase BE. The fourth industrial revolution and higher 

education. In: Higher education in the era of the fourth 

industrial revolution. 2018;10:978-81. 

116. Perey R, Benn S, Agarwal R, Edwards M. The place of 

waste: changing business value for the circular economy. 

Bus Strateg Environ. 2018;27(5):631-42. 

117. Pinder JA, Schmidt R, Austin SA, Gibb A, Saker J. What 

is meant by adaptability in buildings? Facilities. 

2017;35(1/2):2-20. 

118. Pomponi F, Moncaster A. Circular economy for the built 

environment: a research framework. J Clean Prod. 

2017;143:710-8. 

119. Ramli S, Rasul MS, Affandi HM. Fourth Industrial 

Revolution (4IR). Int J Acad Res Bus Soc Sci. 2018;8(9). 

120. Rios FC. Beyond recycling: design for disassembly, 

reuse, and circular economy in the built environment 

[dissertation]. Tempe (AZ): Arizona State University; 

2018. 

121. Roos G. Business model innovation to create and capture 

resource value in future circular material chains. 

Resources. 2014;3(1):248-74. 

122. Schandl H, Hatfield-Dodds S, Wiedmann T, Geschke A, 

Cai Y, West J, et al. Decoupling global environmental 

pressure and economic growth: scenarios for energy use, 

materials use and carbon emissions. J Clean Prod. 

2016;132:45-56. 

123. Schmidt III R, Eguchi T, Austin S, Gibb A. What is the 

meaning of adaptability in the building industry. In: 

Open and sustainable building. 2010. p. 233-42. 

124. Schwab K, Davis N. Shaping the future of the fourth 

industrial revolution. New York: Crown Currency; 2018. 

125. Sfakianaki E. Resource-efficient construction: 

rethinking construction towards sustainability. World J 

Sci Technol Sustain Dev. 2015;12(3):233-42. 

126. Su B, Heshmati A, Geng Y, Yu X. A review of the 

circular economy in China: moving from rhetoric to 



International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com  

 
    1599 | P a g e  

 

implementation. J Clean Prod. 2013;42:215-27. 

127. Syam N, Sharma A. Waiting for a sales renaissance in 

the fourth industrial revolution: machine learning and 

artificial intelligence in sales research and practice. Ind 

Mark Manag. 2018;69:135-46. 

128. Uzoho C. The Uzoho-Filter: a bio-functional point-of-

use technology for water purification and probiotic 

fortification in Nigerian communities. Int J Trend Sci 

Res Dev. 2021;5(2):1340-8. doi:10.31142/ijtsrd39909. 

129. Uzoho CM. The evolving role of public health: a 

framework for redefining the profession beyond crisis 

response. 2022. 

130. Velenturf AP, Archer SA, Gomes HI, Christgen B, Lag-

Brotons AJ, Purnell P. Circular economy and the matter 

of integrated resources. Sci Total Environ. 

2019;689:963-9. 

131. Vuyiswa L, Nischolan P. Industry 4.0 and its impact on 

skills development on built environment professionals: a 

South African perspective. In: Conference Paper. 2019. 

p. 538-46. 

132. Walmsley TG, Ong BH, Klemeš JJ, Tan RR, Varbanov 

PS. Circular integration of processes, industries, and 

economies. Renew Sustain Energy Rev. 2019;107:507-

15. 

133. Wegner DC, Ayansiji K. Mitigating UXO risks: the 

importance of underwater surveys in windfarm 

development. 2023. 

134. Wegner DC, Bassey KE, Ezenwa IO. Health, safety, and 

environmental (HSE) predictive analytics for offshore 

operations. 2022. 

135. Wegner DC, Damilola O, Omine V. Sustainability and 

low-carbon transitions in offshore energy systems: a 

review of inspection and monitoring challenges. 2023. 

136. Wegner DC, Nicholas AK, Odoh O, Ayansiji K. A 

machine learning–enhanced model for predicting 

pipeline integrity in offshore oil and gas fields. 2021. 

137. Wegner DC, Omine V, Vincent A. A risk-based 

reliability model for offshore wind turbine foundations 

using underwater inspection data. Risk. 2021;10:43. 

138. Williams I, Roberts K, Shaw P, Cleasby B. Applying 

circular economy thinking to industry by integrating 

education and research activities. Detritus. 2018;1:134-

43. 

139. Winans K, Kendall A, Deng H. The history and current 

applications of the circular economy concept. Renew 

Sustain Energy Rev. 2017;68:825-33. 

140. Yusuf B, Walters LM, Sailin SN. Restructuring 

educational institutions for growth in the Fourth 

Industrial Revolution (4IR): a systematic review. Int J 

Emerg Technol Learn. 2020;15(3):93-109. 


