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The Fourth Industrial Revolution, or Industry 4.0, has been driven by 

technological innovations and advancements. Existing literature demonstrates 

how Industry 4.0's efficiency capabilities promote growth and advancement. A 

portion of the universal set is represented by the expansion of the building 

sector. Thus, Industry 4.0 has a direct impact on the engineering and 

construction sector of the gross domestic product value. The purpose of this 

study was to map the current state of Industry 4.0 in the construction sector, 

pinpoint its focal points, and assess and scrutinize the available information. 

Scopus search was limited to the period between January 2019 and 2024. The 

terms "Industry 4.0" or "Industrial Revolution 4.0" AND TOPIC: "building" or 

"construction" had to be present in the search. A digital transformation 

framework can serve as a strategic roadmap for organizations. Organizations 

can use a digital transformation framework as a strategic guide to organize, 

carry out, and convey their efforts to adjust to the digital. The framework aims 

to offer organizations working in the digital economy a reproducible 

repositioning strategy, strategic planning, and implementation process. It 

provides a framework for continuously adjusting capabilities and offerings to 

meet shifting customer needs and strategic goals. In addition to increasing 

efficiency and streamlining company processes, a robust foundation for digital 

transformation facilitates constant communication amongst all business 

divisions. Organizations starting the process of digital transformation must 

have the proper mentality in order to change and grow. 
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Introduction 

Industry 4.0,Digital Transformation Framework for the Fourth Industrial transformation, 

requires a transformation in modern building practices. The construction sector is about to enter 

a revolutionary era as the convergence of digital technology and sector 4.0 principles. After the 

Fourth Industrial Revolution, the construction sector must adopt a comprehensive digital 

transition formation framework. This paper offers a high-impact research evaluation of the 

application of Industry 4.0 technologies in the construction sector with the goal of enhancing 

productivity, sustainability, and creativity (W. S. Alaloul, et al. 2019). The construction 

business, which has always been associated with manual operations, is facing increasing 

difficulties in keeping up with the needs of a world that is changing quickly. A strong 

framework for digital transformation is needed to overcome these issues.AI and Machine 

Learning (ML). AI and ML algorithms empower construction processes by analyzing vast 

datasets to derive meaningful insights. Predictive analytics can optimize project scheduling, 

resource allocation, and risk management. AI-driven systems can also enhance safety by 

identifying potential hazards and implementing proactive measures. The construction business, 

which has always been associated with manual operations, is facing increasing difficulties in 

keeping up with the needs of a world that is changing quickly. A strong framework for digital 

transformation is necessary to handle these issues. The main objective is to smoothly 

incorporate cutting-edge technology into construction processes, like robots, artificial 

intelligence (AI), building information modeling (BIM), and Internet of Things integration. 

Because it connects devices and machinery and permits real-time data sharing, Industry 4.0 

relies heavily on the Internet of Things (IoT). Constructing machinery with integrated smart 

sensors can provide invaluable insights on site conditions, equipment health, and usage 

patterns. This real-time data aids in predictive maintenance, which reduces downtime and 

boosts overall project performance, according to L. Stojanovska - Georgievska et al. (2022). 

The aim of this paper is to investigate the research dynamics related to digital transformation 

in Industry 4.0 in particularlly, the research questions of this study as below: 

 

RQ1: What is the trend of research in digital transformation according to the year of 

publication?  

RQ2: What are in general upward trend in number of publication yearly?  

RQ3: Which the most frequent document by subject area? 

RQ4:  Which document by countries contribute significantly to the study on digital 

transformation?  

RQ5: What are the most influential publications of network visualization map of keywords’ 

co-occurrence? 

 

Literature Review  

The term "industry4.0" recently gained popularity to describe the trend in the industrial world 

toward automation and digitization. Considering the quick advances utilized in other industry 

sectors and COVID-19, which surely increased the urgency of this duty, the building industry 

is sluggish to incorporate these revolutionary changes into its normal procedures when 

compared to other industries' innovations. The construction industry faces numerous obstacles 

that hinder the adoption of Industry 4.0, despite the technology's many benefits and prospects. 

These obstacles stem from a range of issues. The construction sector would push the sector's 

performance to par with those of its manufacturing and automotive counterparts. Industry 4.0 

has to be accepted since it is the way of the future. There's no substitute for digitalization. 

Meanwhile, BIM facilitates collaborative planning and design by acting as the digital 
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framework of construction projects. By enabling stakeholders to produce an intricate three-

dimensional model of the project, it promotes efficient collaboration and communication. 

Throughout the course of a project, BIM also helps with cost optimization, clash identification, 

and better decision-making (L.Stojanovska-Georgievska,et.al, 2022). Automation and robotics 

which is using robotics in construction processes greatly improves accuracy and efficiency. 

Robotics shortens project timeframes, decreases errors, and reduces labor-intensive jobs like 

automated bricklaying and autonomous vehicles for material transportation. There are several 

advantages to implementing an Industry 4.0 digital transformation framework in the building 

industry. Immediate benefits include increased output, enhanced project results, and decreased 

expenses. Furthermore, real-time resource use, trash reduction, and waste management 

monitoring make the incorporation of sustainable practices more practical. 

 

Methodology 

Bibliometrics is the process of organizing, combining, and analyzing bibliographic from 

scientific publications. It includes intricate methods like document co-citation analysis in 

addition to general descriptive data like publishing journals, publication year, and major. 

Domain of the bibliometric study . The literature review focuses on (i) digitalization as a 

concept and (ii) Industry 4.0 of digitalization on construction management. The aim of the 

literature review is to create a linkage between these concepts and indicate how digitalization 

impacts project management. 

 

This study employed a screening sequence to determine the search terms for article retrieval. 

This study was initiated by querying the Scopus database with online TITLE-ABS-KEY ((era 

AND pandemic OR industry AND 4.0*) AND (digital AND transformation OR technology)), 

assembling 785 articles. Afterwards, the query string was revised so that the search terms most 

commonly co-occurring keyword search related to “Industry 4.0” OR “Industrial revolution 

4.0” AND TOPIC “construction” OR “building”. This process yielded 785 results, which were 

additionally scrutinized to include only research articles in English and article reviews were 

also excluded. The final search string refinement included 785 articles, which were used for 

bibliometric analysis. As of December 2023, all articles from the Scopus database relating to 

learning and focusing on students were incorporated into the study.  

 

TABLE 1 

The Search String 

 

 

 

 

 

 

 

 

 

 

Scopus TITLE-ABS-KEY (era AND pandemic OR industry AND 4.0*) 

AND (digital AND transformation OR technology)) 
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Table 2 

The Selection Criterion In Searching 

Criterion Inclusion Exclusion 

Language English Non-English 

Timeline 2021 – 2023 < 2019 

Literature type Journal 

(Article) 

Conference, 

Book, Review 

Publication 

Stage 

Final In Press 

 
Data sets containing the study publication year, publication title, author name, journal, citation 

and keyword in PlainText format were acquired from the period 2019 to December 2024 and 

were analyzed in VOSviewer software version 1.6.19. Using the VOS clustering and mapping 

techniques, this software was used for analysis and map generation. Van Eck and Waltman 

(2010) have proposed VOSviewer as a substitute for the Multidimensional Scaling (MDS) 

technique. Its goal is similar to that of the MDS technique, which is to arrange objects in low-

dimensional spaces so that the relatedness and similarity of any two items are accurately 

reflected by the distance between them.Digital technologies in automation in construction, 

Digitalization in the Architecture, Engineering, and Construction (AEC) sector is slow due to 

significant challenges in technology adoption. The study aims to promote technology adoption 

by advancing the understanding of digital. This article presents the findings drawn from a 

quantitative scoping review that included 3,950 abstracts from the Scopus database that dealt 

with technology. This offers an initial evaluation of the volume of literature, geographical 

innovation hotspots, research lacunae, and major ideas in the AEC domain. Building 

information modeling (1,852 studies) appears to be the most popular topic in the literature, 

according to the results, but 3D printing (311) and the Internet of Things (227) are becoming 

more and more popular. The majority of research articles are produced in the United States 

(566 publications) and China (687 publications). Though there is a growing interest in 

developing technologies, putting them into practice frequently requires specialized skill sets. 

Therefore, increased emphasis on these technologies in the classroom and closer cooperation 

in the AEC sector are required from academia in the areas of digitalization, industry 4.0, 

technology, 3D printing, engineering education, architecture, engineering, construction sectors, 

and digital technologies. When studying the relevant literature, the components of Industry 4.0 

are related to the fundamental procedures of Supply Chain Operations Reference (SCOR). 

Content studies were carried out in order to determine the primary contributions made by SCM 

elements, elucidate the mechanisms that support or incorporate SCM elements, and establish a 

connection between SCM elements and the fundamental procedures of the SCOR model. The 

elements of Industry 4.0 are connected to the core practices of Supply Chain Operations 

Reference (SCOR) when one studies the pertinent literature. A comprehensive survey of the 

literature led to the selection and examination of 293 publications. The main goals of content 

studies were to identify the contributions that SCM elements made, clarify the mechanisms that 

incorporate or support SCM elements, and establish a relationship between SCM elements. The 

assessment is an addition to the bibliographic database. Finding is the key components that 

contribute to SCM in the SCOR model's processes is another contribution. Large data, Industry 

4.0, Internet of Things (IoTs), simulation, Industry 4.0 supply chain, and underpinning 

advanced technologies are becoming more and more important and are driving the digital 

transformation of businesses in a variety of industries. Simultaneously, a growing number of 

companies are adopting a temporary project-based approach to working, resulting in dynamic 
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systems where projects serve as both strategy tools and process execution instruments for 

managing complicated business settings. Thus, it comes as no surprise that important that 

significant focus is being placed on the link between these concepts. With the aim of examining 

applications of digital technologies in project management, a comprehensive review was 

conducted on 188 academic articles published between 1991 and 2023 and indexed in the Web 

of Science database. The bibliometric method was used through co-occurrence, along with a 

visual representation of interconnected data. The findings drew focus on the most popular study 

areas in the fields of advanced project management in building projects, artificial intelligence 

and project success, managing information and production systems, and opportunities and 

challenges for project management in the digital era. The crucial significance of finding a 

balance between technology and interpersonal interactions to succeed in contemporary project 

management in the midst of the Industry 4.0 era is the last possible research topic. Two issues 

that need to be resolved for the AEC sector to have a prosperous future are causing a profound 

internal transformation. To be more precise, in order to lessen the substantial environmental 

effects that the AEC sector produces, its participants must dedicate themselves to sustainability. 

The AEC sector is experiencing sector need to commit themselves towards sustainability in 

order to reduce the significant impacts that the industry causes on the environment in terms of 

pollutant emissions. However, in order to increase their actual efficiency, work procedures 

need to be examined. As a result, the AEC sector's productivity rate is extremely low when 

compared to other industrial sectors. AEC actors are thinking about implementing Industry 4.0 

more deeply in their companies in order to guarantee long-term company continuity based on 

the two pillars of productivity and sustainability. Indeed, it is acknowledged that Industry 4.0 

technologies have a good effect on sustainability and operational performance in the AEC 

sector. As a result, it marks the beginning of the intriguing but little-used Construction 4.0 

paradigm. Within this framework, the subsequent chapter endeavours to examine the 

modifications that some of Industry 4.0's most innovative and cutting-edge technologies 

provide in three stages of the building process. Hence, it determines the birth of the new 

Construction 4.0 paradigm, which is fascinating although scant adopted. In this context, the 

following chapter aims to analyze the changes that some of the most cutting-edge and 

revolutionary technologies of Industry 4.0 bring in three phases of the construction life cycle. 

Specifically, the chapter explores how such technologies allow the address of productivity and 

sustainability issues during the phases of architectural and design planning, works’ execution, 

and support processes management, acting as levers for building more efficient and sustainable 

constructions. 

 

Data Analysis 

Data sets covering the period 2019 to December 2024 were obtained from the Scopus database 

and analyzed using VOSviewer software version 1.6.19. The data sets contained the research 

publication year, publication title, author name, journal, citation, and keyword in PlainText 

format. Using the VOS clustering and mapping techniques, this software was used for analysis 

and map generation. An alternative to the MDS method is VOSviewer. In contrast to MDS, 

which focuses on calculating similarity metrics like cosine and Jaccard indexes, VOS uses an 

approach that is better suited for normalizing co-occurrence frequencies, like the Association 

Strength (ASij). Therefore, after lowering the weighted sum of the squared distances, the 

VOSviewer uses this index to arrange elements in the form of a map. 
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Figure 1. The Trend Of The Research Trends In Digital Transformation According To 

The Year Of Publication. 

 

Figure 1 displays the number of digital transformation publications published each year 

between 2019 and 2024. The figure suggests that research on digital transformation is 

significant and relatively stable, ranging from 2 (2014) to 5 (2024). 

 

Table 3. General Upward Trend In Number Of Publication Yearly 

YEAR No. Publication PERCENTAGE 

2024 5 0.6 

2023 191 24.4 

2022 190 24.3 

2021 144 18.4 

2020 128 16.3 

2019 83 10.6 

2018 24 3.1 

2017 13 1.7 

2016 3 0.4 

2015 2 0.3 

TOTAL 783   

 

Table 3 illustrates a general upward trend in the number of publications over the years, with a 

notable increase from 2018 onwards. However, the sudden drop in 2024 may warrant further 

investigation to understand the reason behind this decrease. It is essential to consider external 

factors, research trends, or any other variables that may have influenced these numbers. 
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Table 4. Documents’ Frequency By Subject Area 

 

               

 

 
SUBJECT AREA 

NO. OF 

DOCUMENT

S 

Engineering 376 

Computer Science 353 

Business, Management and 

Accounting 187 

Decision Sciences 123 

Social Sciences 102 

Environmental Science 73 

Energy 70 

Mathematics 66 

Economics, Econometrics and 

Finance 64 

Physics and Astronomy 53 

Chemical Engineering 41 

Materials Science 37 

Earth and Planetary Sciences 20 

Medicine 17 

Agricultural and Biological 

Sciences 11 

Biochemistry, Genetics and 

Molecular Biology 11 

Psychology 11 

Arts and Humanities 9 

Chemistry 8 

Pharmacology, Toxicology and 

Pharmaceutics 5 

Multidisciplinary 3 

Immunology and Microbiology 2 

Neuroscience 2 

Health Professions 1 
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Figure 2. Documents By Area Subjects 

 

Figure 2 illustrates the number of documents published by the author in various subject areas 

according to Scopus. The key observations are Engineering and Computer Science are the 

dominant subject areas, with 376 and 353 documents, respectively. This suggests that the 

author has a strong focus on these fields. There is a significant spread across other subject areas, 

with 123 documents in Decision Sciences, 102 in Social Sciences, and 73 in Environmental 

Science. This indicates that the author’s research interests are diverse and not limited to a single 

field.Some subject areas have a smaller number of documents, such as Medicine (17), 

Agricultural and Biological Sciences (11), and Arts and Humanities (9). This could be due to 

various factors, such as the author’s research focus, the availability of funding, or the 

publication preferences of journals in those fields. 
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Figure 3. Document By Countries 

 

Figure 3 summarizes the number of documents by country, and India is the most frequent. It is 

followed by China, Indonesia, and Portugal. The figure displays the number of documents 

published by the counties in various subject areas according to Scopus. Here are some key 

observations suggesting that India, China, and Indonesia are the three countries with the most 

documents in Scopus. This suggests that these countries are producing a large amount of 

research output. However, it is essential to remember that the number of documents is not the 

only measure of research output. Other factors, such as the quality of the research and the 

impact it has on other fields, are also important. 

 

 
Figure 4. Network Visualization Map Of Keywords’ Co-Occurrence 

 

Figure 4 is the map indicates the relationships between different keywords based on how often 

they co-occur in the documents analyzed. The larger the circle representing a keyword, the 

more frequently it appears in the dataset. The thicker the lines connecting keywords, the more 
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often they appear together. Some of the key clusters and themes in the map are central cluster. 

This cluster includes keywords such as “digital transformation,” “Industry 4.0,” 

“digitalization,” “technological innovation,” and “business intelligence.” These are all central 

concepts in the field of digital transformation in industry.On the Left cluster includes keywords 

such as “data analytics,” “internet of things (IoT),” “artificial intelligence (AI),” and “machine 

learning.” These keywords all relate to the technologies that are enabling digital transformation 

in the industry.On right cluster includes keywords such as “knowledge management,” “higher 

education,” and “engineering education.” These keywords suggest that digital transformation 

is also having an impact on the way we educate and train future workers.In addition to these 

main clusters, there are also a number of other interesting relationships between keywords in 

the map. For example, the keyword “cybersecurity” is connected to both the “digital 

transformation” and “Industry 4.0” clusters, suggesting that it is an important concern for 

businesses that are undergoing digital transformation. 

 

Network Visualization Map Of Keywords’ Co-Occurrence 

The map suggests the relationships between different keywords based on how often they co-

occur in the documents will be analyzed. The larger the circle representing a keyword, the more 

frequently it appears in dataset. The thicker the lines connecting keywords, the more often they 

appear together. The key clusters and themes in the map is the cenntral cluster: This cluster 

includes keywords such as“digital transformation,” “Industry 4.0,” “digitalization,” 

“technological innovation,” and “business intelligence.” These are all central concepts in the 

field of digital transformation in industry.Left cluster is the cluster includes keywords such as 

“data analytics,” “internet of things (IoT),” “artificial intelligence (AI),” and “machine 

learning.” These keywords all relate to the technologies that are enabling digital transformation 

in the industry.Right cluster includes keywords such as “knowledge management,” “higher 

education,” and “engineering education.” These keywords suggest that digital transformation 

is also having an impact on the way we educate and train future workers.In addition to these 

main clusters, there are also a number of other interesting relationships between keywords in 

the map. For example, the keyword “cybersecurity” is connected to both the “digital 

transformation” and “Industry 4.0” clusters, suggesting that it is an important concern for 

businesses that are undergoing digital transformation.There is a significant spread across other 

subject areas, with 123 documents in Decision Sciences, 102 in Social Sciences, and 73 in 

Environmental Science. This indicates that the author’s research interests are diverse and not 

limited to a single field. Some subject areas have a smaller number of documents, such as 

Medicine (17), Agricultural and Biological Sciences (11), and Arts and Humanities (9). This 

could be due to a variety of factors, such as the author’s research focus, the availability of 

funding, or the publication preferences of journals in those fields. This duo led the pack with 

their 2017 paper introducing the concept of “Digital Twin Shop-Floor,” a ground breaking 

paradigm for smart manufacturing. These researchers comprehensively reviewed Industry 4.0 

technologies in their 2019 paper, scanning the landscape and offering valuable insights for 

practitioners and academics alike. Their work has garnered over 700 citations, demonstrating 

its widespread impact. This team from Hungary examined the impact of Industry 4.0 and the 

IoT on business strategies within the value chain. Yong Li et al.(2021).This group delved into 

the environmental and economic implications of digital technologies in Industry 4.0. The team 

provided a timely review of digital twins-based smart manufacturing systems. These are just 

the top five authors on the list, and each of the remaining five has made significant 

contributions to the field. The map illustrates the relationships between different keywords 

based on how often they co-occur in the documents being analyzed. In addition to these main 
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clusters, there are also a number of other interesting relationships between keywords in the 

map.  

 

Results  

The development of a digital transformation framework for small and medium-sized businesses 

(SMEs) is essential to guaranteeing their success in the current digital era. This framework is 

known as the "digital framework for SMEs." The framework should take into account the many 

types of SMEs and their distinct needs and capacities in addition to addressing the difficulties 

SMEs encounter while organizing, starting, and carrying out digital transformations. The 

framework ought to give SMEs the instruments, materials, and expertise required to properly 

start their digital transformation journey. The framework should also concentrate on enhancing 

the effectiveness of SMEs' dealings with partners, suppliers, consumers, and state authorities. 

By considering the organization of the enterprise’s external and internal business processes, 

the framework can help SMEs streamline their operations and enhance their overall 

performance. Additionally, the digital transformation framework should also incorporate the 

concept of sustainability. The framework should emphasize the importance of achieving 

sustainable performance and include concepts such as environmental performance and 

sustainable production processes and products. There has been a general upward trend in the 

number of publications over the years, with a notable increase from 2018 onwards. However, 

the sudden drop in 2024 may warrant further investigation to understand the reason behind this 

decrease. It is essential to consider external factors, research trends, or any other variables that 

may have influenced these numbers. The framework, which considers the organization of the 

enterprise's internal and external business processes, can assist SMEs in increasing overall 

performance and streamlining their operations. Furthermore, the framework for the digital 

transformation needs to include sustainability. The framework ought to integrate concepts such 

as sustainable manufacturing processes and goods, environmental performance, and emphasize 

the significance of attaining sustainable performance. The number of publications has generally 

increased over time, with a significant increase beginning in 2018. However, more 

investigation could be required to identify the reason behind the sharp drop in 2024. It is critical 

to consider any external factors, study trends, or other factors that may have impacted these 

numbers. 

 

Conclusion 

The most remarkable finding is that, in the context of sector 4, the emergence of digital data 

and online digital access, which automatically gathers and processes electronic data into the 

value chain on discrete operations, has created a challenge for the construction industry. The 

findings suggest that the construction industry has a clear, evolving, and unfinished 

conversation on Industry 4.0. This review indicates how little is known about what Industry 

4.0 means for the construction industry because it includes few unique studies. Rather than 

providing a solid theoretical framework for putting the implementation into practice, the 

material that has already been published has mostly focused on the idea of Industry 4.0 adoption 

in the construction sector. The majority of papers discussed the latest technologies in detail, as 

well as how different businesses or industries to change the integration of BIM with Industry 

4.0 technologies, as well as the construction network and economics. The construction industry 

is transforming as a result of the introduction of Industry 4.0 and BIM, which will improve the 

quality and performance of the entire construction life cycle. This is a positive development 

for the sector. Therefore, to enable more experimental design research for the realization of 
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BIM and industry, more qualitative study is required to investigate and comprehend the 

problems, difficulties, and future course of these new technologies.  
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