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Abstract 

This study evaluated the main challenges impeding industry 4.0 implementation in 

construction project delivery in Delta state, Nigeria. The study adopted a survey and 

exploratory research design methods of investigation, while a simple random sampling 

technique was deployed in selecting the sample size of 189 from a population of 358 

using the Slovin’s formular for sample size determination from construction project 

professionals located in Delta state. The instrument for data collection and measurement 

consist of a well-structured questionnaire modeled in Likert scale used in eliciting 

information from the construction professionals. The questionnaires were validated for 

reliability using the Cronbach’s alpha test. The data collected were presented using 

descriptive statistical tools in the form of frequency distribution tables. Severity index was 

used in analyzing the main subject of discourse in the study with the aid of statistical tools 

(a Microsoft programmed software). The findings from the study indicate that the main 

challenges impeding industry 4.0 implementation in construction project delivery in Delta 

state include; the need to raise awareness of industry 4.0 with a SI of 18.4; professionals 

need to be aware with SI of 18.1, implementation costs are very high with SI of 17.5; 

training and skill development and lack of technical competence. The study 

recommendations included; that the professionals in Delta state construction industry 

should familiarize themselves with Industry 4.0 technologies to improve project cost, 

schedule, quality and ensure subsidized implementation costs. 
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1.Introduction 

Industry 4.0 denotes an advanced phase of organizing and managing all the processes 

in the construction industry. It might also be referred to as 'the fourth industrial revolution'. 

According to Ribeiro, Amaral, and Barros (2021), the terms "Industry 4.0," "Smart factory," 

"Intelligent factory," and "Factory of the future" refer to a conceptualization of how 

factories will be designed in the future. From this perspective, the factories will possess 

enhanced intelligence, adaptability, dynamism, and agility. Industry 4.0 can be defined as 

a manufacturing facility that produces intelligent products using advanced machinery and 

operates within intelligent supply chains. Industry 4.0 will facilitate horizontal integration 

among adaptable units, which will be interconnected with partners in the value chain 

(Ndubuka, 2026). 

The adoption of industry 4.0 technologies is seen as a catalyst that will propel the 
construction sector's evolution and transform its practices and methods. The multitude of 
activities that take place in construction sites presents numerous intriguing research 
challenges. The construction sector is planning to achieve these goals by implementing 
industry 4.0 tools (Turner et al., 2021). 
 
Therefore, the construction industry will benefit from improved production methods 
through the intelligent implementation of digitalization. The utilization of digital technology 
to process relevant data, prompt problem-solving, and foster a collaborative working 
environment in the design, construction, and operation of projects. This approach aims to 
optimise resource utilization and improve quality and safety. This will lead to reforms in 
the design, construction, and maintenance of physical structures, as well as in their 
subsequent utilization (Ndubuka, 2026). 
 
The fourth industrial revolution is currently underway, aiming to integrate the physical 
world with the information era in order to enhance industrial processes. The research 
provides a significant theoretical contribution to understanding the challenges and 
opportunities of industry 4.0 in construction projects. The objective of this study is to 
examine the integration of the industry 4.0 concept into the construction industry, 
specifically by identifying and discussing the primary challenges and opportunities 
currently faced by the industry. Therefore, a novel and distinct production arrangement 
for construction industrialization, specifically focused on BIM technology, is proposed. 
There has been significant resistance to implementing industry 4.0 in the construction 
industry in Africa, as determined from a comprehensive overview. Although the 
construction value chain is made up of various fragmented counterparts at all levels, each 
with a diverse background to meet the specific needs and uniqueness of each project, 
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this has only made project execution more challenging and has further restricted the 
ability of small and medium-sized enterprises (SMEs) to invest in new technologies. 
Consequently, the lacklustre reception of industry 4.0 has led to these outcomes 
(Ndubuka, 2026). 
 
In recent decades, the majority of industries have experienced a transformation and have 

integrated advancements in products and processes as a fundamental part of their 

operations (Maskuriy, Selamat, Ali, Maresova & Krejcar, 2019). The construction industry, 

in particular, has not adequately embraced technological advancements that could 

enhance production and productivity, leading to a lack of progress in labour productivity. 

This situation can be attributed to various internal and external challenges. These 

challenges include the industry's consistent fragmentation, difficulties in recruiting a 

workforce with the necessary talent, insufficient connections with contractors and 

suppliers, and inadequate transfer of knowledge between projects. Efforts to enhance 

effectiveness and productivity in the industry can only be achieved through the 

implementation of digitalization, adoption of new construction techniques, and 

introduction of innovative practices. This study is set to identify and evaluate the main 

challenges impeding industry 4.0 implementation in construction project delivery in Delta 

state. 

2. Literature Review 

Industry 4.0 was initially introduced in Germany in 2011 and is commonly known as the 
fourth industrial revolution (de Almeida Barbosa Franco, 2022, Ndubuka, 2026). The 
objective of this concept is to combine various technologies, including the Internet of 
Things (IoT), Industrial Internet of Things (IoT), Intelligent Objects, Big Data, Cloud 
Computing, Artificial Intelligence, 3D printing, Sensors, Actuators, Virtual and Augmented 
Reality, in order to establish a digital and intelligent manufacturing environment. The 
antecedence of the first industrial revolution, also known as industry 1.0, serves as the 
fundamental basis upon which the second, third, and ultimately the fourth industrial 
revolution are built. This chapter will extensively examine the fourth industrial revolution, 
with a particular emphasis on the challenges and opportunities it presents for construction 
projects. (Ashton, 1997). The initial industrial revolution was marked by a distinct shift 
from manual production methods to the utilisation of machines powered by hydropower 
and steam energy. The advent of novel technologies occurred during the industrial 
revolution, which took place between 1760 and 1820 or 1840 in the United States and 
various parts of Europe. (Agarwal & Agarwal, 2017; Allen, 2009; Berlanstein, 2003). 

The fourth industrial revolution emerged in 2011 as a high-tech strategy implemented by 

the German government to automate production. In the same year, it gained attention at 

the Bureau of Industry Exhibitions with the introduction of the term "Industry 4.0" to the 
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public (Ndubuaka, 2026). The adoption and integration of disruptive technological tools 

and cyber-physical systems have been facilitated by the 4th Industrial Revolution 4.0. 

This revolution, in contrast to the third industrial revolution, encompasses various 

advanced technologies such as artificial intelligence (AI), advanced robotics, the internet 

of things (IoT), autonomous vehicles, 3D printing, nanotechnology, biotechnology, big 

data analytics, materials science, energy storage, quantum computing, new materials like 

graphene, and Fintech. These technologies are capable of containing and transmitting 

digital information (Ndubuka, 2026). 

2.1 Concept of Industry 4.0 

Industry 4.0 involves a wide range of technologies, such as the Internet of Things (IoT), 
artificial intelligence (AI), big data analytics, robotics, and cloud computing, that are used 
to digitise various processes. Integrating these technological advancements enables the 
collection, analysis, and utilisation of large data sets, ultimately enhancing the efficiency 
of operations, productivity, and strategic decision-making in construction management. 
In addition, they can improve sustainability by maximising resource efficiency, minimising 
waste, and enhancing the environmental impact of construction projects. 
 
2.2 The catalyst for the revolution of Industry 4.0 

The key drivers of the fourth industrial revolution are the internet, big data, cloud 
computing, advanced robotics, artificial intelligence, autonomous vehicles, new materials, 
new additive manufacturing technologies (especially 3D printing), hybrid manufacturing, 
machines, and generic and synthetic microbiology (Ndubuka, 2026). Within these "Smart 
Factories", machines and consumables combine seamlessly during industrial processes 
to enhance the manufacturing process with increased flexibility and customisation. This 
is achieved through a highly digital and integrated approach (Ângelo et al., 2017). 
However, the concept of Industry 4.0 encompasses not only production and distribution 
processes, but also all aspects of the value chain and innovative product development 
processes (Gokalp et al., 2016). 
 
The objective of industry 4.0 is to leverage these technologies to consistently and 
progressively enhance efficiency and optimise production processes, resulting in 
increased productivity, quality, and customisation. The swift progression of technological 
advancements in sensors, devices, information networks, and machine learning has 
greatly contributed to the rapid development of robotics and automation. This has led to 
significant enhancements in various productive industries (de Almeida Barbosa Franco, 
2022). 
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2.3 The challenges impeding Industry 4.0 adoption in construction projects 

Although Industry 4.0 presents numerous advantages, the construction sector has not yet 
fully embraced these cutting-edge technologies. It is crucial to comprehend the significant 
obstacles that are unique to construction projects, which hinder the integration of new 
technologies. These challenges must be appropriately addressed. (Hossain & Nadeem, 
2019). The construction sector is conventionally perceived as a business characterised 
by limited innovation, typically lagging behind other industries such as manufacturing or 
energy infrastructure. Nevertheless, the incorporation of cutting-edge construction 
technologies is highly significant, as it has the potential to revolutionise this industry, 
introducing it to novel frameworks. Multiple studies have demonstrated that the 
construction industry has not effectively embraced innovative practices to enhance its 
performance, unlike other sectors (Olsson et al., 2021). The subsequent obstacles 
impeding the implementation of industry 4.0 are discussed below.  

1. Raising awareness of Industry 4.0  

This crucial for policymakers, businesses, academics, employees, authorities, and 
consumers. A thorough awareness among authorities and policymakers will boost 
economic growth and development; businesses and industries will promote productivity, 
production flexibility and control, efficiency, and competitiveness; academia and 
employees will drive the growth of high-skilled and well-paid jobs; and consumer 
awareness will drive improved customer satisfaction and product customisation. The 
current state of consciousness regarding revolutionised disruptive technologies of 
industry 4.0 is not widespread in Owerri, Imo State, Nigeria, but it is critical to accelerate 
the country's current economic progress and meet international standards (Ndubuka, 
2026). Employees, SMEs, factories, and national economies are not prepared to adopt 
Industry 4.0 and will thus be pushed to the background. As a result, policymakers and 
promoters should implement awareness-raising initiatives such as seminars, trade fairs, 
and international training programmes for their stakeholders. 

2. Capital Formation 

Capital formation is the most important factor required for such digital technological 
development, transformation, and implementation because it necessitates significant 
investment in the construction industry (Ndubuka, 2026). Because Industry 4.0 requires 
significant capital for the implementation of smart economic infrastructure, smart business 
model adaptation, economic benefits, and competitors, the banking industry has not 
focused on financing high-tech industries because the industry is relatively new and risky. 
Furthermore, the relatively low cost of labour has resulted in widespread reluctance 
among the workforce, discouraging nearly every effort towards automation because it 
requires a significant investment. The government should incentivize the banking industry 
to provide adequate loans to high-tech industries. 
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3. Socioeconomic challenges 

Industry 4.0 is the culmination of digitization and automation, allowing machines to 
perform intelligently, interactively, and easily. These novel technologies have a significant 
impact on how jobs are performed (Faller & Feldmüller, 2015). They will be programmed 
robots capable of interacting with humans and performing a variety of jobs. The 
application of this technology will help to reshape and redefine human activity, particularly 
cognition, culminating in future technologies that will provide us with entirely new 
computer models (Crafts et al., 1985). To bridge the gap between engineering and 
computer science, the following issues must be addressed: automatic learning and 
artificial intelligence, privacy concerns, surveillance and distrust, stakeholders' general 
reluctance to change, the threat of redundancy, and the loss of many jobs to automated 
and it-controlled processes (Ndubuka, 2026). 

Adopting new tools can cause unintended changes in the way tasks are completed. 
These changes can have an impact on workplace organisation, culture, and productivity 
(Aripin et al., 2019). There are experienced employees who are eager to adopt innovative 
solutions, but the burden of acquiring the skills required to successfully implement those 
new technologies may also be a challenge. 

4. Training and Skill Development 

Routine jobs will be replaced by disruptive technologies such as robots, IoT, and 
intelligent machinery, among others. According to a recent McKinsey study, 5.7 million 
workers, the majority of whom are unskilled, will be out of work as a result of 
manufacturing industry automation in recent decades. This will dramatically increase the 
number of opportunities for jobs requiring cognitive abilities, technical skills, complex 
problem solving, resource management skills, content, process, and social skills, among 
others. Surprisingly, computing power continues to grow exponentially, and sooner than 
expected, the work of professionals such as lawyers, financial analysts, doctors, 
journalists, accountants, insurance underwriters, and librarians may be partially or 
completely automated (Ndubuka, 2026). As a result, government policymakers, 
academia, and training institutes should act quickly to increase investment in human 
capital and skills to drive industrial transformation for up-skilling, re-skilling, long-term 
training, and capacity-building to meet the demands of the fourth industrial revolution and 
bridge the education-industrial gap. Moving forward or transforming into new Industry 4.0 
technologies necessitates a certain level of expertise. Hence, the need for employee 
training and development (Aripin et al., 2019), together with the increasing need for 
integration skills, because there are low technical competency of the construction workers 
on site; thus, there will be a huge challenge in order to create and develop new 
competencies to ensure the project organisation is optimised as well as to attract new 
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talents to the workforce, such as employees with shared technical knowledge and 
integration experience. 

5. Infrastructure Development 

Infrastructural development is emerging as critical because it is difficult to apply industry 
4.0 technologies due to security and risk concerns (Davali, Belli, Cilfone, & Ferrari, 2016). 
However, online integration will help to assess security breaches and data leaks (Du et 
al., 2017). Internet hacking has been a major security concern that exacerbates data 
interconnectedness and weak digital infrastructure (Becker & Stern, 2016; Cheng et al., 
2016; Gokalp et al., 2016; Ndubuka, 2026). Furthermore, the country's poor 
infrastructure, including poor roads and transportation, makes it more vulnerable to 
natural disasters. Furthermore, the introduction of industry 4.0 technologies necessitates 
increased investment and research in a variety of areas, including Internet broadband 
disbursement, IT security, cybersecurity, and cyber lay, as well as an impact on education 
in particular as a new industry requiring new skills (Becker & Stern, 2016; Cheng et al., 
2016; Faller & Feldmüller, 2015; Gokalp et al., 2016; Gorecky et al., 2014). 

6. Lack of Technical Competence 

Competences include capabilities (officially recognised), abilities and experience, and 
demeanour (in terms of responsibilities, guidelines, collaborators, and leaders, but also 
strategies or new ideas). New innovation regions, associated with the concept of Industry 
4.0, necessitate new skills from expert personnel (Ndukuba, 2026). Another major reason 
that employees are concerned about adopting new technologies is the job losses that 
come with it. Their concern about being replaced by machines, computers, or robotics 
causes them to reconsider accepting those technologies (Aripin et al., 2019).  

7. Professional's Awareness 

The industry 4.0 technologies are critical in construction projects, but most professionals 
are unaware of the skills and training required for industry 4.0 operations. Lack of 
awareness of professional skills and trainings will discourage the use of industry 4.0 in 
construction projects. (Santi & Lawrence, 2017). Awareness is the first step towards 
implementation or adoption. Awodele et al. (2024) defines awareness as information, 
knowledge, or perception of a specific phenomenon. The literature shows that the 
developed economy is aware of new technological innovation and adoption. The health 
and manufacturing sectors, among others, are benefiting from the adoption of Industry 
4.0. However, the construction and rail industries have not seen the same level of 
adoption. While the construction industry in developed economies appears to be making 
good progress in terms of new technological innovation and adoption, the situation in 
developing economies is quite different. 
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8. Various complexities 

Most construction companies are hesitant to implement industry 4.0 technologies 
because their adoption and practice will necessitate the hiring of a 4.0 engineer who must 
be able to process and analyse large amounts of data from multiple sources, assess the 
validity of the information, their credibility, and draw relevant conclusions (Ndubuka, 
2026). Though industry 4.0 will help him know this information, including the use of 
Bigdata tools and electronic media, the engineer(s) and the organisation as a whole face 
the challenge of managing enormous data (Santi & Lawrence, 2017). 

9. Implementation costs are high 

According to Bring, lack of technical training and the high cost of education is a major 
challenge that discourages construction company owners from adopting and utilising 
industry 4.0 technologies. Adopting industry 4.0 technologies results in very high 
implementation costs that include technical equipment, training and education, external 
consultancy fees, and maintenance (Santi & Lawrence, 2017). 

According to Aripin, Zawawi, and Ismail (2019), the Industry 4.0 technology 
implementation challenges include the high cost of owning and using the technologies on 
site, and because some of the machines are still under development, keeping up with 
technological advances can be costlier. The following section discusses some of the 
opportunities related to industry 4.0 in the context of construction projects.  

10. Industrial Expansion 

This refers to the process of increasing the size and scope of industrial activities.  
The 4th Industrial revolution is widely acknowledged as the primary catalyst that promotes 
and accelerates profound industrialization in any global economy since its inception (Santi 
& Lawrence, 2017). Industry 4.0 provides a platform for the integration and ongoing 
development of advanced technology in various industries, including the construction 
industry.  

11. Enhancements in operational management for construction projects 

By incorporating Industrial cameras and BIM, such as jet scanners, into the quality 
inspection system, the manufacturing and on-site installation standards can be further 
improved. 3D visualisation techniques can help familiarise the construction workforce with 
the sequence of component assembly, facilitating the efficient transmission of 
industrialization knowledge (Ndubuka, 2026). Industry 4.0 also serves as a facilitator and 
tool for promoting sustainability and enhancing flexibility in industrialised construction 
projects. According to the research conducted by Jin and Aboagye-Nimo (2018), it is 
suggested that incorporating new technologies will significantly enhance the performance 
of top-level management in industrial construction projects. 
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Emerging trends in workforce dynamics and implementing industry 4.0 in construction 
projects offers advantages in terms of reducing construction costs, minimising 
construction time, decreasing the need for labour, and enhancing the quality of 
construction project outcomes (Bing et al., 2020). The utilisation of optimisation and 
algorithms can lead to a reduction in both construction cost and time (Bortolini, Formoso 
& Viana, 2019). Similarly, digital fabrication and automation techniques can eliminate the 
need for manual labour. 

According to de Almeida Barbosa Franco et al. (2022), in early 2020, during the COVID-
19 pandemic in Brazil, the utilisation of technologies has demonstrated its significance by 
employing Big Data in Geographic Information Systems (GIS). This pertains primarily to 
the quick representation of data on epidemics, monitoring of verified cases, prediction of 
transmission, coordination and control of material resources, and utilisation of artificial 
intelligence (AI) to determine the contagiousness of the virus, vulnerable populations, and 
consequently establish the infection cycle and propose efficient preventive measures.  

12. Enhancement of productivity and increase in growth 

Technological advancements have significantly boosted industrial productivity since the 
beginning of the Industrial Revolution. Subsequently, industrial technological progress 
was predominantly gradual in the ensuing decades, particularly when contrasted with the 
significant advancements that revolutionised IT, mobile communications, and e-
commerce (Ndubuka, 2026). Currently, we are experiencing a fourth wave of 
technological progress called Industry 4.0, which is characterised by the emergence of 
new digital industrial technology. This transformation is driven by nine fundamental 
advancements in technology. In this process, sensors, machines, workpieces, and IT 
systems will be interconnected throughout the value chain, extending beyond the 
boundaries of a single enterprise. These interconnected systems, also known as cyber-
physical systems, have the ability to communicate with each other using standard Internet 
protocols. They can analyse data to anticipate failures, automatically adjust their settings, 
and adapt to changes. According to Ndubuka (2026), industry 4.0 will facilitate the 
collection and analysis of data from various machines, resulting in accelerated, adaptable, 
and efficient processes that yield superior goods at lower expenses. Consequently, this 
will enhance the efficiency of manufacturing, alter the financial dynamics, promote the 
expansion of industries, and reshape the composition of the workforce—ultimately 
transforming the competitiveness of companies and regions. 

  
13. Decrease in operational expenses 

Implementing industry 4.0 in construction projects offers advantages in terms of reducing 
construction costs, minimising construction time, reducing labour requirements, and 
enhancing the quality of construction project outcomes (Bing et al., 2020). The utilisation 
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of optimisation and algorithms can achieve a reduction in construction cost and time 
(Bortolini, Formoso, & Viana, 2019). Similarly, digital fabrication and automation 
techniques can eliminate the need for labour. 

14. Encouragement of creativity and innovation 

The competencies and skills frameworks developed by researchers and scientists are 
designed to match their chosen research scope and objectives. The Acatech study, 
conducted for the industry 4.0 platform, examines the skill profile of a future technology-
enabled worker. This study focuses on the characteristics required to learn how to use 
Industry 4.0 technologies effectively, integrate digital and physical solutions in smart 
manufacturing, and understand business networking. The set of attributes attributed to 
an Industry 4.0 worker is concluded by the social and environmental demands that the 
worker must consistently adjust to. This entails being cognizant of ongoing changes and 
recognising the potential for technology to bring about alterations in the workplace and 
beyond (Ndubuka, 2026). The employees' basic technical knowledge in the field of 
working with Industry 4.0 technologies was expanded to include management knowledge 
related to operational processes and technological installations at different levels of 
management within an organisation. In order for an employee to engage in knowledge 
management, they must possess conceptual skills, critical thinking abilities, and a 
perception that is aligned with the various aspects of digital business. The competency 
profile includes a section that focuses on human wellbeing and awareness, which is 
determined by the level of industrial development.  

15. Reducing the duration of operations 

Implementing industry 4.0 in construction projects offers advantages such as reducing 
construction costs, minimising construction time, decreasing the need for labour, and 
enhancing the quality of construction project outcomes (Bing, 2020). The utilisation of 
optimisation and algorithms can achieve a reduction in construction cost and time 
(Bortolini, Formoso, & Viana, 2019). Similarly, digital fabrication and automation 
techniques can eliminate the need for labour. 

 16. Presence of proficient individuals within the team 

To ensure that team members possess the necessary expertise at the appropriate time 
and location, organisational leaders must demonstrate commitment by developing and 
implementing a strategy that encompasses various crucial elements such as acquisition, 
training, growth, engagement, and recognition (Giannetti, 2017). Recruiting skilled 
individuals for the industry the 4.0 era poses challenges, as you will frequently hear. We 
must cease our search for unicorns (Nduuka, 2026). Instead, seek individuals who 
possess a harmonious blend of technical and interpersonal abilities, as well as a wide 
range of capabilities. Subsequently, offer them a mechanism to rapidly develop the 
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required expertise within your company. Involve them from the outset in the process of 
identifying the problem and developing technical solutions. Allow them to collaborate with 
cross-functional teams involved in developing the SM solution, enabling them to 
contribute to the development of practical and feasible solutions. Incorporate them into 
the success stories and minor victories. Commend their achievements and triumphs. 
Although it may appear daunting, the rewards you will receive in exchange will be 
invaluable. According to Bauernhansl (2014), investing in talent and expertise is a reliable 
strategy that will not disappoint. 

3. Methodology 

Leedy and Ormrod (2005) define a descriptive survey as a research method that involves 
the collection of data by asking individuals questions and then analysing and summarising 
their responses. The research methodology employed for this chapter encompassed a 
blend of quantitative and qualitative research approaches. The purpose of this method is 
to gain a deeper understanding of one or more specific groups of people. According to 
Leedy and Ormrod (2005), survey research aims to gain an understanding of a large 
population by surveying a representative sample and then summarising the results using 
statistical methods. This study is grounded in survey-based research. A survey will be 
conducted to consult various construction professionals, including Architects, quantity 
surveyors, Builders, and Engineers. The purpose of the survey is to identify the primary 
challenges and opportunities in the industry. 4.0 refers to a high level of proficiency or 
achievement in the context of construction projects. The survey sought some 
consultations with different construction professionals, such as Architects, Quantity 
surveyors, Builders Civil Engineers, Builders, Project Managers and Estate surveyors. In 
a whole the population of the respondents as gotten from the relevant government and 
public documents was three hundred and fifty-eight (358) professionals as shown in table 
1. The study was conducted to ascertain the obstacles and prospects associated with 
industry 4.0 in construction projects. The population consisted of registered construction 
professionals, including Architects, Builders, Quantity surveyors, Civil Engineers, Project 
Managers and Estate surveyors.  

     Table 1: The population of the respondents 

Respondents Population 

Architects 87 

Builders 57 

Quantity surveyors 49 

Civil engineers 45 

Builders 43 

Project managers 32 

Estate surveyors 45 
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Total 358 

 
This research survey employed the simple random sampling technique where different 
construction professionals, such as Architects, quantity surveyors, Builders and 
Engineers are randomly picked for the purpose of the study. 

The sample size for this study will be determined using the Slovin's Formula, which is a 
method for calculating the required sample size (n) based on the population size (N) and 
desired margin of error (e). The formula for estimating the sample size is based on a 
random sampling technique. The population size is specifically aimed at 358 construction 
professionals 

It is computed as n =                N   
    [1+ N (e) ²] 

Where;  
n = Sample size 
N= total population 
e = error margin 
                                 n =       358   

[1+ 358 (0.05) ²] 
n = 188.92 

 

Upon analysing the output, it is evident that a total of 189 questionnaires was distributed 
to the respondents.    

The selection of these professionals is based on the chapter's primary objective of 
identifying the challenges and opportunities in industry 4.0 within construction projects. 
To achieve this objective, data was gathered using a questionnaire and a semi-structured 
interview were conducted in the context of industry 4.0 in construction projects within the 
study area. The questionnaire was divided into three sections. Section A encompasses 
the personal information of the respondents, while Section B comprises of the state of 
awareness and adoption readiness of industry 4.0 in construction project delivery. Section 
C encompassed the various types of industry 4.0 technologies being deployed in 
construction project delivery. While section D consist of the main challenges impeding 
industry 4.0 adoption in construction project delivery. 

The necessary data for this study were collected from various construction professionals, 
including Architects, quantity surveyors, Builders, and Engineers, using a proposed 
questionnaire. The survey questionnaire utilized both closed and open-ended formats. 
The various construction professionals were asked to respond. They were given multiple-
choice options to select from, as well as the opportunity to provide their own written 
responses. The questionnaire encompassed essential inquiries and data pertaining to the 
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primary obstacles and prospects in industry 4.0 in construction project delivery. In order 
to consolidate the research, additional significant findings were sought through 
consultations with various sources such as the internet, books, journals, magazines, 
published and unpublished dissertations and other documents. 

Questionnaires were disseminated to various construction professionals, including 
Architects, quantity surveyors, Builders, and Engineers at the various Construction firms 
situated in the three geographical zones of Delta State. The questionnaires were 
delivered in both person to person as well as sent via email to the professionals for their 
response. The data collection process spanned approximately two months taking into 
consideration the size of the population involved and allowing ample time for individuals 
to provide their responses. 

This study utilised the use of quantitative research method to enhance the entire 
comprehension of the research. The feedback obtained from the questionnaires were 
analysed utilising the IBM Statistical Package for the Social Sciences (SPSS), version 
2.5. 0 for data analysis. To analyze the objective, which is identify the main challenges 
impeding industry 4.0 implementation in construction project delivery in Delta state, 
severity index (SI) was used. The SI is a method used in ranking factors. As a non-
parametric technique, it aggregates the weight and frequency score of each factor and as 
such has been deployed for analysis by most researchers (Amade, 2017; Ndubuka, 2026) 

……………………… (1) 

Where: fi is the frequency of response, wi is the weight for each rating = (rating in 
scale/number of points in a scale), and n is the total number of responses. n is the valid 
number of respondents. Severity Index analysis is preferred because of its ability to 
provide a meaningful interpretation of ranks among factors. In the study, the SI was used 
via a Microsoft programmed software. 

4. Results  

A total of 189 questionnaires were distributed and 172 copies were returned, while fully 
14 were found with some error, where 158 were later found to be error-free and adequate. 
The 158 questionnaires were used for the analysis. The table below shows the details of 
the questionnaire response.  
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Table 2: The sample and responses of respondents 
 

Respondents Number 
distributed 

Number 
Returned  

Number 
analyzed 

Architects 37 35 33 

Builders 28 26 23 

Quantity surveyors 32 30 29 

Civil engineers 29 26 24 

Builders 31 28 26 

Project managers 12 10 08 

Estate surveyors 20 17 15 

Total 189 172 158 

 
This section presents the outcomes and discoveries derived from the questionnaires 
received from professionals in the construction industry, specifically architects, builders, 
quantity surveyors, project managers, estate surveyors and civil engineers with regards 
to the deployment of these emerging technologies such as 4.0 in construction project 
delivery within the study area. 

4.1 Challenges impeding industry 4.0 
 
The challenges impeding industry 4.0 was analyzed using severity index as depicted in 
the table below.   
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Table 3: Severity index score for challenges impeding industry  
 

 
 
4.0 implementation   
 

The findings presented in table 3 above indicates that the most severe challenges 
impeding the implementation of industry 4.0 in construction project delivery in Delta state, 
Nigerian is the need to raise awareness of industry 4.0 with a SI of 18.4 and ranked first. 
While the results show that professional's to be aware has the next SI of 18.1 and ranked 
second. Implementation costs are very high with a SI of 17.5 and ranked third. Training 
and skill development, lack of technical competence, socioeconomic challenges, 
infrastructure development deficit, industrial expansion, are the next in the line and ranked 
4th,5th,6th,7th, and 8th, while reducing the duration of operations was ranked 16th. 

4.2 Discussion 

The findings presented in table 3 above indicates that the most severe challenges 
impeding the implementation of industry 4.0 in construction project delivery in Delta state, 
Nigerian is the need to raise awareness of industry 4.0 with a SI of 18.4 and ranked first. 

http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/


PM World Journal  (ISSN: 2330-4480)         An Investigation of the Challenges Impeding Industry 4.0 

Vol. XV, Issue III – March 2026  Implementation in Construction Projects 

www.pmworldjournal.com   by U. Ndubuka, B. Amade, G. Enyinna, 

Featured Paper  A. Adeyemo, C. Anyike 

 

 

 

 
© 2026 Uchenna Christopher Ndubuka, Benedict Amade, Gregory Chimere Enyinna,  

Abiola Adeniyi Adeyemo, Christian Chimenum Anyike 

 

www.pmworldlibrary.net  Page 16 of 21 

The outcome these findings corroborates with that of Awodele et al. (2024). They argued 
that lack of technical expertise, and lack of training and resources, have a substantial 
impact on awareness and readiness. The study asserts that concentrated endeavours in 
training and communicating the benefits of industry 4.0 are crucial in stimulating the 
adoption of the technology in Nigeria and other developing economies. While the results 
show that professional's to be aware has the next SI of 18.1 and ranked second. 
Implementation costs are very high with a SI of 17.5 and ranked third. Training and skill 
development, lack of technical competence, socioeconomic challenges, infrastructure 
development deficit, industrial expansion, are the next in the line and ranked 4th,5th,6th,7th, 
and 8th, while reducing the duration of operations was ranked 16th.  
 
5. Conclusions and recommendation 
 
The study concludes that the main challenges impeding industry 4.0 implementation in 
construction project delivery in Delta state, Nigeria includes in this order; the need to raise 
awareness of industry 4.0, professional's needs to be aware, implementation costs are 
very high, training and skill development as well as lack of technical competence. The 
study recommends that the construction industry in Delta state should ensure its 
professionals are conversant with the use and deployment of industry 4.0 and its 
technologies as this would enable them compete with their peers in the industry with 
regards to delivering their projects to cost, schedule and quality perspective. Government 
and professional bodies should see to it that the cost of implementing industry 4.0 and its 
technologies are subsidized to enable industry practitioners access and make use of 
them. 
 
REFERENCES 
 
Agarwal, H. & Agarwal, R. (2017). first industrial revolution and second industrial revolution: 

Technological differences and the differences in banking and financing of the firms. 
Saudi Journal of Humanities and Social Sciences, 2(11), 1062-1066. 

 
Allen, R. C. (2009). The British industrial revolution in global perspective: Cambridge University 

Press. Anderl, R. (2015). Industries 4.0 - Advanced Engineering of Smart Products and 
Smart Production 09 October 2014.  

 
Amade, B. (2017). Development of supply chain management framework for successful 

construction project delivery in Nigeria. A PhD thesis of the Federal University of 
Technology, Owerri. 

 
Ângelo, A., Barata, J., da Cunha, P. R., & Almeida, V. (2017). Digital transformation in the 

pharmaceutical compounds supply chain: Design of a service ecosystem with e-labeling. 

http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/


PM World Journal  (ISSN: 2330-4480)         An Investigation of the Challenges Impeding Industry 4.0 

Vol. XV, Issue III – March 2026  Implementation in Construction Projects 

www.pmworldjournal.com   by U. Ndubuka, B. Amade, G. Enyinna, 

Featured Paper  A. Adeyemo, C. Anyike 

 

 

 

 
© 2026 Uchenna Christopher Ndubuka, Benedict Amade, Gregory Chimere Enyinna,  

Abiola Adeniyi Adeyemo, Christian Chimenum Anyike 

 

www.pmworldlibrary.net  Page 17 of 21 

Paper presented at the European, Mediterranean, and Middle Eastern conference on 
information systems. 

 
Aripin, I.D.M, Zawawi, E.M.A. & Ismail, Z. (2019). Factors influencing the implementation of 

technologies behind Industry 4.0 in the Malaysian construction industry. MATEC Web of 
Conferences. https://doi.org/10.1051/matecconf/2019 0 I 2018 266 10 26601006. 

 
Ashton, T. S. (1997). The industrial revolution 1760-1830. OUP Catalogue. Atanasov, I., 

Nikolov, A., Pencheva, E., Dimova, R., & Ivanov, M. (2015). An approach to data 
annotation for internet of things. International Journal of Information Technology and 
Web Engineering (IJITWE), 10(4), 1-19. 

  
Awodele, I.A., Mewomo, M.C., Municio, A.M.G., Chan, A.P.C., Darko, A., Taiwo, R., Olatunde, 

N.A., Eze, E.C. & Awodele, O.A. (2024). Awareness, adoption readiness and challenges 
of railway 4.0 technologies in a developing economy. HELIYON, doi: 
https://doi.org/10.1016/j.heliyon.2024.e25934 

 
Bauernhansl F. (2014). Management challenges for the 21st Century. London and New York: 

Routledge. ISBN 9780750685092. 
 
Becker, T., & Stern, H. (2016). Future trends in human work area design for cyber-physical 

production systems. Procedia CIRP, 57, 404-409.  
 
Berlanstein, L. R. (2003). The industrial revolution and work in nineteenth century Europe: 

Routledge.  
 
Bing, B., Agustí-Juan, I., Hunhevicz, J., Joss, S., Graser, K., Habert, G. & Adey, B. T. (2020). 

Productivity of Digital Fabrication in Construction: Cost and Time Analysis of a 
Robotically Built Wall. Automation in Construction, 92, 297-311. 

 
Bortolini, Formoso & Viana, C (2019). industry 4.0 as an enabler of proximity for construction 

supply chains: A systematic literature review. Computers in Industry, 99, 205-225. 
 
Cheng, G.-J., Liu, L.-T., Qiang, X.-J. & Liu, Y. (2016). Industry 4.0 development and application 

of intelligent manufacturing. Paper Presented at the 2016 International Conference on 
Information System and Artificial Intelligence (ISAI). 

 
Crafts, N. F. (1985). British economic growth during the industrial revolution: Oxford University 

Press, USA.  
 
Davali, I., Belli, L., Cilfone, A. & Ferrari, G. (2016). Integration of wifi mobile nodes in a web of 

things tested. ICT Express, 2(3), 96-99.  
 

http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/
https://doi.org/10.1016/j.heliyon.2024.e25934


PM World Journal  (ISSN: 2330-4480)         An Investigation of the Challenges Impeding Industry 4.0 

Vol. XV, Issue III – March 2026  Implementation in Construction Projects 

www.pmworldjournal.com   by U. Ndubuka, B. Amade, G. Enyinna, 

Featured Paper  A. Adeyemo, C. Anyike 

 

 

 

 
© 2026 Uchenna Christopher Ndubuka, Benedict Amade, Gregory Chimere Enyinna,  

Abiola Adeniyi Adeyemo, Christian Chimenum Anyike 

 

www.pmworldlibrary.net  Page 18 of 21 

De Almeida Barbosa Franco, J., Domingues, A.M., de Almeida Africano, N., Deus, R.M. & 
Battistelle, R.A.G. (2022). Sustainability in the civil construction sector supported by 
Industry 4.0 technologies: challenges and opportunities. Infrastructures, 7(43),1-23. 
https://doi.org/10.3390/infrastructures7030043 

 
Du, Z., He, L., Chen, Y., Xiao, Y., Gao, P. & Wang, T. (2017). Robot cloud: Bridging the power 

of robotics and cloud computing. Future Generation Computer Systems, 74, 337- 348.  
 
Faller, C., & Feldmüller, D. (2015). Industry 4.0 learning factory for regional SMEs. Procedia 

CIRP, 32, 88-91. 
 
Giannetti, C. (2017). A framework for improving process robustness with quantification of 

uncertainties in Industry 4.0. Paper presented at the 2017IEEE International Conference 
on Innovations in Intelligent Systems and Applications (INISTA). 

 
Gokalp, M. O., Kayabay, K., Akyol, M. A., Eren, P. E., & Koçyiğit, A. (2016). Big data for industry 

4.0: A conceptual framework. Paper presented at the 2016 International Conference on 
Computational Science and Computational Intelligence (CSCI). 

 
Gorecky, D., Schmitt, M., Loskyll, M., & Zühlke, D. (2014). Human-machine-interaction in the 

industry 4.0 era. 
 
Hossain, M.A. & Nadeem, A. (2019). Towards digitizing the construction industry: state of the art 

of Construction 4.0. Interdependence between Structural Engineering and Construction 
Management Edited by Ozevin, D., Ataei, H., Modares, M., Gurgun, A., Yazdani, S., and 
Singh, A. Copyright © 2019 ISEC Press ISBN: 978-0-9960437-6-2 . CON-13-1. 

 
Jin, G.C. & Aboagye-Nimo, D. (2018). The global construction market: a cross-sectional 

analysis. Construction Management and Economics,18(5), 619-627. 
 
Leedy, P.D. & Ormrod, J.E. (2005). Practical research (Vol. 108). Saddle River, NJ: Pearson 

Custom. Available via: https://josemartimast.net/wp-content/uploads/2021/07/AP-
Capstone-Research-Planning-and-Designing-E-Book.pdf.     Accessed 5 Jan 2024. 

 
Maskuriy, R., Selamat, A., Ali, K.N., Maresova, P. & Krejcar, O. (2019). Industry 4.0 for the 

construction industry—how ready is the industry? Applied Science, 9, 2819; 1-26. 
doi:10.3390/app9142819. 

 
Ndubuka, U.C. (2026). An investigation of the awareness, adoption readiness and challenges of 

industry 4.0 on construction projects. A Master’s Thesis of the Federal University of 
Technology, Owerri Nigeria. 

 

http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/
https://doi.org/10.3390/infrastructures7030043
https://josemartimast.net/wp-content/uploads/2021/07/AP-Capstone-Research-Planning-and-Designing-E-Book.pdf
https://josemartimast.net/wp-content/uploads/2021/07/AP-Capstone-Research-Planning-and-Designing-E-Book.pdf


PM World Journal  (ISSN: 2330-4480)         An Investigation of the Challenges Impeding Industry 4.0 

Vol. XV, Issue III – March 2026  Implementation in Construction Projects 

www.pmworldjournal.com   by U. Ndubuka, B. Amade, G. Enyinna, 

Featured Paper  A. Adeyemo, C. Anyike 

 

 

 

 
© 2026 Uchenna Christopher Ndubuka, Benedict Amade, Gregory Chimere Enyinna,  

Abiola Adeniyi Adeyemo, Christian Chimenum Anyike 

 

www.pmworldlibrary.net  Page 19 of 21 

Olsson, O.E., Arica, E., Woods, R. & Madrid, J.A. (2021). Industry 4.0 in a project context: 
Introducing 3D printing in construction projects. Project Leadership and Society 2, 1-10.  
https://doi.org/10.1016/j.plas.2021.100033 

 
Ribeiro, A., Amaral, A. & Barros, T. (2021). Project manager competencies in the context of the 

Industry 4.0. Procedia Computer Science, 181 (2021) 803–
810.10.1016/j.procs.2021.01.233. 

 
Santi, F & Lawrence, M. (2017). The Management of Construction: A Project Lifecycle 

Approach. London: Routledge.  
 
Turner, C.J., Oyekan, J., Stergioulas, L. & Griffin, D. (2021). Utilizing industry 4.0 on the 

construction site: challenges and opportunities. IEEE Transactions on Industrial 
Informatics, 17(2), 746-756. 

 

 
 

 

About the Authors 
 

 

Uchenna Christopher Ndukuba, B.Tech 

Federal University of Technology  
Owerri, Nigeria  
 

 
 

 
Uchenna Christopher Ndukuba, B. Tech is a dynamic and results-driven researcher with a 
B.Tech in  Project Management Technology, Federal University of Technology Owerri. He has 
currently concluded his M.Sc in the same field. He has extensive experience across the banking, 
construction, and education sectors, specializing in administration, project coordination, and 
technical implementation. Uchenna is skilled in project planning, risk analysis, budgeting, and 
stakeholder management, he effectively leads multidisciplinary teams and delivers innovative, 
goal-oriented solutions. Known for his strong leadership, strategic thinking, and analytical abilities, 
he consistently drives efficiency, accountability, and sustainable project outcomes with 
professionalism and integrity. He can be reached via email: ndubukauc@gmail.com, 
uchenna.ndubuka@nmu.edu.ng;  

http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/
https://doi.org/10.1016/j.plas.2021.100033
mailto:ndubukauc@gmail.com
mailto:uchenna.ndubuka@nmu.edu.ng


PM World Journal  (ISSN: 2330-4480)         An Investigation of the Challenges Impeding Industry 4.0 

Vol. XV, Issue III – March 2026  Implementation in Construction Projects 

www.pmworldjournal.com   by U. Ndubuka, B. Amade, G. Enyinna, 

Featured Paper  A. Adeyemo, C. Anyike 

 

 

 

 
© 2026 Uchenna Christopher Ndubuka, Benedict Amade, Gregory Chimere Enyinna,  

Abiola Adeniyi Adeyemo, Christian Chimenum Anyike 

 

www.pmworldlibrary.net  Page 20 of 21 

 

Benedict Amade, PhD  

 
Federal University of Technology  
Owerri, Nigeria  
 

 
 

 
Dr. Benedict Amade is a Chartered Project Manager by Profession and a Probationer (Member) 

of Nigerian Institute of Quantity Surveyors (NIQS). He read and obtained a PhD (Doctor of 

Philosophy) Degree in Project Management Technology from the Federal University of 

Technology, Owerri, Nigeria. He is a member of the Project Management Institute (PMI) U.S.A. 

Chairman, Research and Academic Matters, Association of Practicing Professional Project 

Managers of Nigeria (APPPMON) and a Fellow of Tertiary Education Trust Fund Alliance for 

Innovative Research (TETFAIR), and presently the Deputy Director, Centre for Research 

Innovation and Development (CRID) and a Senior Lecturer in the Department of Project 

Management Technology all at the Federal University of Technology, Owerri, Nigeria where he 

has been lecturing for the past 17 years. His areas of research interest include construction project 

management, computer-based project management, construction supply chain management and 

information technology on construction projects. He has authored over 75 scientific publications 

in international refereed journals indexed in Scopus, Web of Science, Scimago etc. He has 

presented quality papers at international conferences both home and abroad. He is actively 

involved in other consultancy works. He can be reached at https://orcid.org/0000-0003-3368-

5432; benedictamade@yahoo.com; benedictamade@futo.edu.ng; benedictamade2@gmail.com. 

 

Gregory Chimere Enyinna, PhD  

Federal University of Technology  
Owerri, Nigeria  
 

 
 
 

Dr. Gregory Chimere Enyinna is a Reader at the Department of Project Management 

Technology, and Currently the Head of Department, Project Management Technology, Federal 

University of Technology, Owerri. He studied B.Sc. in Geography and Planning and an M.Sc. in 

Environmental Management from Abia State University. He studied his Ph.D in Germany. He is 

http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/
https://orcid.org/0000-0003-3368-5432
https://orcid.org/0000-0003-3368-5432
mailto:benedictamade@yahoo.com
mailto:benedictamade@futo.edu.ng
mailto:benedictamade2@gmail.com


PM World Journal  (ISSN: 2330-4480)         An Investigation of the Challenges Impeding Industry 4.0 

Vol. XV, Issue III – March 2026  Implementation in Construction Projects 

www.pmworldjournal.com   by U. Ndubuka, B. Amade, G. Enyinna, 

Featured Paper  A. Adeyemo, C. Anyike 

 

 

 

 
© 2026 Uchenna Christopher Ndubuka, Benedict Amade, Gregory Chimere Enyinna,  

Abiola Adeniyi Adeyemo, Christian Chimenum Anyike 

 

www.pmworldlibrary.net  Page 21 of 21 

a Fellow of Institute of Management Consulting and the Institute of Policy Management 

Developers. He is a Resource Person at the World Bank Centre of Excellence in the Federal 

University of Technology, Owerri.  He can be reached at pycongregco@gmail.com; 

gregory.enyinna@futo.edu.ng 

 

Abiola Adeniyi Adeyemo, B.Tech 
 
Federal University of Technology  
Owerri, Nigeria  
 

 
 
  
Abiola Adeniyi Adeyemo is a graduate student in the Department of 

Project Management Technology, Federal University of Technology, Owerri, Nigeria. He is 

currently practicing on his own at the moment. He is interested in writing and publishing 

articles in the areas Project Management, Manufacturing Technology. He can be reached on 

abiola4christ2010@gmail.com. 

 

 
Christian Chimenum Anyike, M.Sc 
 
Federal University of Technology  
Owerri, Nigeria  
 

 
 

Christian Chimenum Anyike is an experienced Quantity Surveyor and Project Manager with 
more than 15 years of hands-on involvement in construction cost management and infrastructure 
development. Over the years, he has built a strong reputation for delivering complex projects with 
professionalism, precision, and a deep understanding of value optimization. He is a Fellow of the 
Nigerian Institute of Quantity Surveyors (NIQS), reflecting his commitment to excellence and 
ethical standards in the profession. Christian is currently pursuing a Ph.D. in Project Management 
Technology at the Federal University of Technology Owerri, where he previously earned his 
Master’s degree in the same discipline. He holds a Bachelor of Technology degree in Quantity 
Surveying from Rivers State University. He can be reached at banyike@yahoo.com 

http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/
mailto:pycongregco@gmail.com
mailto:gregory.enyinna@futo.edu.ng
mailto:abiola4christ2010@gmail.com
mailto:banyike@yahoo.com

