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Abstract— The digital transformation process in businesses operates within the data and knowledge cycle. Industrial
metaverse technology has recently emerged as a new catalyst within this transformation. Industrial metaverse technology
aims to develop a virtual space for living and working that closely resembles the physical environment, facilitated through
collaboration with multiple technologies. In this context, this study aims to identify the technologies or processes that
industrial metaverse technology interacts with and to provide a framework for researchers and businesses engaging in this
field. A bibliometric analysis was conducted on studies using the keyword “industrial metaverse” in the Web of Science
and Scopus databases to accomplish this aim. A total of 44 studies were identified from the Scopus database and 16 from
the Web of Science database, amounting to 60 studies. A complete census was performed based on these 60 studies,
which constituted the research sample. Data were manually collected, and a keyword analysis was conducted using the
VOSviewer application. The study's findings suggest that industrial metaverse technology is connected to processes such
as smart production, employee-technology collaboration, employee training, and environmental sustainability.
Additionally, technologies such as digital twins, blockchain, non-fungible tokens (NFTSs), virtual reality, augmented
reality, the industrial internet of things, and artificial intelligence were identified as forming the infrastructure of industrial
metaverse technology.

Keywords— digital transformation, industrial metaverse, knowledge management, technology and innovation
management, Industry 5.0

Dijital Dontisiimiin Yeni Bileseni Olarak Endiistriyel
Metaverse: Bibliyometrik Analiz

Ozet— Isletmelerde dijital doniisiim siireci veri ve bilgi dongiisii icerisinde isleyen bir siirectir. Son zamanlarda dijital
doniisiim siirecine Endiistriyel metaverse teknolojisi yeni bir katalizor olarak dahil olmustur. Endistriyel metaverse
teknolojisi bir¢ok teknoloji ile is birligi igerisinde, sanal ortamda fiziksel ortama benzer yeni bir sanal yasam ve ¢aligma
alan1 olusturmay1 hedefleyen teknolojidir. Bu kapsamda, bu ¢aligmanin amaci, Endiistriyel metaverse teknolojisinin hangi
teknoloji veya siireglerle is birligi igerisinde oldugunu belirleyebilmek ve bu sayede bu alanda c¢alisma yapacak
aragtirmacilara ve isletmelere bir vizyon sunabilmektir. Bu amaca ulasabilmek icin Web of Science ve Scopus
veritabanlarinda endiistriyel metaverse anahtar kelimesi kapsaminda yapilan c¢aligmalarin bibliyometrik analizi
yapilmigtir. Scopus veritabanindan 44, WoS veritabanindan 16 ve toplamda 60 c¢aligmaya ulasilmistir. Arastirmanin
evrenini olusturan bu 60 ¢aligma kapsaminda tam sayim yapilmistir. Veriler manuel derlenmis ve ¢alismalarin anahtar
kelime analizleri VOSviewer uygulamasi ile yapilmistir. Calisma sonucunda Endiistriyel metaverse teknolojisinin akilli
iretim, calisan ve teknoloji is birligi, ¢calisan egitimi, ¢evresel siirdiiriilebilirlik gibi siireclerle iligkili oldugu sonucuna
varilmistir. Ayrica bu iligkinin saglanabilmesi igin dijital ikiz, blok zinciri, Nun-fungible token (NFT), sanal gergeklik,
arttirtlmig gerceklik, endiistriyel nesnelerin internet, yapay zeka gibi teknolojilerin endiistriyel metaverse teknolojisinin
altyapisini olusturdugu gorilmiistiir.

Anahtar Kelimeler— digital doniigiim, endiistriyel metaverse, bilgi yonetimi, teknoloji ve yenilik yonetimi, Endiistri 5.0
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1. INTRODUCTION

With the advent of Industry 4.0, businesses have begun
automating all their processes to optimise data and
knowledge through technological contributions, thereby
initiating efforts within the scope of digital transformation.
Before the Industry 4.0 process, digitalisation efforts were
generally carried out in the context of injecting technology
and automation into businesses. However, with the
Industry 4.0 process, the data and knowledge needs of
technologies such as big data, internet of things (loT),
cloud computing, artificial intelligence (Al), metaverse,
blockchain, and NFTs have brought digital transformation
efforts within the purview of the data and knowledge cycle

[1].

Despite these advancements, the role of employees in the
technology-supported digital transformation within the
data and knowledge cycle during Industry 4.0 was not fully
elucidated. The emergence of Industry 5.0, building on the
technological foundations of Industry 4.0 and
incorporating advanced technologies like productive
artificial intelligence and industrial metaverse, has clarified
the status of employees in the digital transformation
process. Employees are now recognised as valuable assets
in digital transformation.  Alongside employees,
environmental sustainability and business resilience
against cyber security breaches, ecological disasters, and
supply chain disruptions have become key components of
Industry 5.0. Thus, the essential elements of a digital
transformation suitable for Industry 5.0 are technology,
employees, environmental sustainability, and business
resilience.

A literature review reveals that industrial metaverse
technology is interconnected with all components of the
digital transformation process appropriate for Industry 5.0.
Specifically, Kumar et al. [5] explore the relationship
between the industrial metaverse and organisational agility
and business performance, while Kshetri [6] examines the
economic returns of the industrial metaverse. Additionally,
Ren et al. [7], Xiang et al. [8], and Yang, Wang, and Zhao
[9] investigate the link between industrial metaverse and
smart manufacturing. Kshetri and Dwivedi [10] study the
relationship between the industrial metaverse and
environmental sustainability, and Huang et al. [11] and
Zheng et al. [12] address the challenges and opportunities
the industrial metaverse presents to businesses. Gattullo et
al. analyse the relationship between the industrial
metaverse and knowledge sharing, while Opperman et al.
[13] focus on the relationship between the industrial
metaverse and remote support and training. Furthermore,
Muller, Bohne, and Jamboula [14] examine the scope and
components of industrial metaverse, Bharti and Sharma
[15] discuss the interaction between avatars and humans in
decision-making processes, and Aromaa et al. [16] explore
the relationship between industrial metaverse and human
factors.

This study aims to identify the technologies and processes
with which industrial metaverse technology collaborates,
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thereby providing insights for researchers and businesses
interested in this field. A bibliometric analysis of studies
indexed under the "industrial metaverse” keyword in the
Web of Science and Scopus databases was conducted to
achieve this goal. The analysis encompassed 44 studies
from Scopus and 16 from WoS, totaling 60 studies. A
comprehensive census of these 60 studies was performed,
with data manually compiled and analysed using the
VOSviewer application. To further support the study's
objectives, figures (Figures 1 and 2) were included to
illustrate the conceptual framework and infrastructure of
the industrial metaverse.

In this context, the study's research question was
determined as follows: Which technologies or processes
are most closely aligned with the industrial metaverse?

The study concluded that industrial metaverse technology
is associated with processes such as smart processes,
employee-technology collaboration, maintaining the
functionality of the data and knowledge cycle
infrastructure, employee training, and environmental
sustainability. Furthermore, technologies like digital twins,
blockchain, NFT, virtual reality (VR), augmented reality
(AR), the industrial internet of things (I110T), and Al form
the foundational infrastructure of industrial metaverse
technology.

A limitation of this study is that only the studies indexed in
the Web of Science (WoS) and Scopus databases were
examined. Future research encompassing different
databases could enhance the findings of this study.

2. CONCEPTUAL FRAMEWORK

This section aims to explain the digital transformation
process of enterprises within the scope of the data and
knowledge cycle. Following this, conceptual knowledge
will be provided on metaverse technology and industrial
metaverse technology, which are key technological
infrastructures required to establish the data and
knowledge cycle. The conceptual understanding is
supplemented with figures drawn explicitly for this topic.

2.1. Digital Transformation

The digital transformation process in enterprises
accelerated and took on a new dimension with the
announcement of Industry 4.0 in 2011. This initiative
introduced a new wave of digital transformation focused
on the data and knowledge cycle in the industry [17], [18].
Digital transformation has evolved from merely focusing
on technology and automation to emphasising the data and
knowledge cycle, which these technological advancements
support. By integrating and analysing data obtained from
physical and virtual environments, enterprises generate
new data and insights, aiming to make processes such as
production, marketing, and finance more transparent and
efficient. This approach seeks to improve decision-making,
predictive maintenance, customer relationship
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management, employee skill enhancement, production
processes, and waste reduction [19], [20].

The data and knowledge cycle involves the acquisition,
storage, analysis, sharing, and preservation of data within
enterprises and is considered within the context of
technological collaboration [21]. Establishing this cycle
requires the development of technological infrastructure
for each process within the cycle. Figure 1 illustrates the
data and knowledge cycle underpinning businesses' digital
transformation.

While the Industry 4.0 process explained digital
transformation within a technology-supported data and
knowledge cycle, it did not fully address the role of
employees. The subsequent Industry 5.0 process expanded
on this by incorporating employees, environmental
sustainability, and business resilience against various
threats into the data and knowledge-oriented digital
transformation [22], [23]. This approach builds on the
Industry 4.0 foundation by emphasising collaboration
between technology and human factors, ensuring a more
holistic and sustainable transformation.

Data and Knowledge Acquired
and Stored
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Humans interact with their physical environment through
the five senses. To fully leverage the metaverse
infrastructure, human sensory organs need to be stimulated
[27]. This stimulation allows people to experience the
virtual environment in the metaverse as if it were real. The
technology that facilitates this experience is known as VR
technology [28]. Currently, metaverse infrastructures can
stimulate the senses of sight and hearing, while research on
olfactory stimulation is ongoing. Additionally, no special
equipment is necessary to access the metaverse;
interactions can occur via computer, tablet, or phone
screens using keyboards, mouse, or voice commands.
However, technologies such as VR and AR are essential to
fully immerse in the metaverse and experience the virtual
environment realistically [29].

The technologies underpinning the  metaverse
infrastructure have gained prominence in the digital
transformation of enterprises within the Industry 4.0
framework. Digital twin technology generates analogs of
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Figure 1. Data and Knowledge Cycle (Source: Author Elaboration)

2.2. Metaverse

The term "metaverse" first appeared in the novel “Snow
Crash” in 1992, describing a virtual world where users
from the physical environment interact with avatars
through cyber components [24]. The metaverse can be
defined as a virtual environment that emerges from the
interaction between the physical and cyber environments
through technological infrastructure [25], [26].

physical objects in the virtual environment. The interfaces
connecting the metaverse to the physical world are VR and
AR technologies. Al and three-dimensional (3-D)
modelling solutions configure objects and facilitate user
interaction in the metaverse. Blockchain-based digital
currencies support the trade infrastructure within the
metaverse, and blockchain technology also secures
metaverse data. Ownership of virtual objects is managed



254

through NFT technology, closely related to the blockchain
infrastructure [30].

The primary application areas for metaverse technology
include sectors such as production, marketing, healthcare,
and education. Adopting metaverse technology in

Vertical Integration Operational Technologies
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technologies are generally categorised into two groups:
operational technologies and information technologies.

i. Operational technologies: This category encompasses
all the hardware, software, and technologies required to
structure, maintain, and ensure the efficiency of
operational business processes such as production,
procurement, logistics, and finance [31], [32]. Included
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Figure 2. Operational and Information Technologies (Source: Author Elaboration)

manufacturing, engineering, and related processes has
given rise to the concept of the industrial metaverse. As the
industrial metaverse has emerged, the broader concept of
the metaverse has expanded to address issues relevant to
individuals and society. In contrast, the industrial
metaverse has begun to focus on topics pertinent to various
industries.

2.2. Industrial Metaverse

The industrial metaverse refers to the application of
metaverse technologies for industrial purposes. To fully
define the industrial metaverse, it is necessary to explain
the technologies used in the industry conceptually. These

within operational technologies are wearable technologies,
cobots, IIOT (sensors and related technologies),
autonomous  vehicles, machinery, equipment, and
associated software. Technologies such as Al, generative
Al, and digital twins are employed to maximise efficiency.
The benefits from these technologies can be measured
through improvements in predictive maintenance,
decision-making processes, and the emergence of new
business models [32].

ii. Information technologies: This category forms the
communication and information system infrastructure
necessary for establishing the data and knowledge cycle,
enabling all business functions to collaborate. The data and
knowledge cycle involves integrating data obtained from
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operational technologies with other data sources within the
business, transforming this data into knowledge, and
sharing the transformed knowledge with the necessary
systems within the business [19]. Technologies such as
cloud computing, cybersecurity equipment, and
communication equipment (such as Wi-Fi v6 and 5G) are
all considered within the scope of information
technologies. Additionally, technologies and software used
in human resources, marketing, finance, and accounting
processes fall under information technologies. These
technologies also support the benefits derived from
operational technologies and help eliminate silos between
departments within the business [33].

Operational and information technologies play a crucial
role in achieving vertical integration within the internal
environment of a business and horizontal integration in the
external environment. Vertical integration involves the
collaboration among departments, machines, employees,
and all other internal components within the business.
Horizontal integration, on the other hand, refers to the
cooperation between the business and its external
environment, including suppliers, government units, and
customers. This cooperation can lead to the creation of new
value networks and innovative business models, thereby
significantly contributing to the digital transformation
efforts of enterprises [22], [34], [35]. The interplay
between operational technologies, information
technologies, and the concepts of horizontal and vertical
integration is illustrated in Figure 2.

Upon explaining these concepts, industrial metaverse
technology can be defined as follows: Industrial metaverse
is a technology that integrates various technologies, such
as digital twin, blockchain, VR, and AR, through
operational and information technologies, involving the
transfer of data and knowledge obtained from cobots,
autonomous  vehicles, employees, machinery, and
equipment used in the industry to information technologies
via an IIOT infrastructure, to make the operations of
enterprises in the physical environment traceable,
configurable, and sustainable in the virtual environment,
thereby enhancing operational efficiency.

The industrial metaverse concept collaborates with
multiple technologies, including IIOT [37], digital twin
[38], blockchain, NFTs [39], simulation and modelling
software, and Al [14]. VR and AR technologies facilitate
interaction between the industrial metaverse environment
and employees [13].

By implementing an industrial metaverse infrastructure,
enterprises can achieve various benefits, such as improved
decision-making processes [11], structured predictive
maintenance activities, increased efficiency in production
processes, enhanced collaboration between employees and
technology [36], more effective marketing activities
through a better understanding of customer demand [6] and
strengthened customer relations.

Industrial metaverse technology has been studied in the
literature since 2021. No bibliometric analysis study has
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been identified in this field. Existing studies generally
focus on the application areas of industrial metaverse
technology [4-5], [9], [11]. However, this study aims to fill
the gap in the literature by providing an overview of the
components of industrial metaverse technology and its
related technologies. This will be achieved by analysing all
relevant studies published in the Web of Science (WoS)
and Scopus databases. Given its novelty, the following
research question (RQ) has been posed to determine which
technologies or processes it collaborates with:

RQ1. Which technologies or processes are most closely
aligned with the industrial metaverse?

3. METHODOLOGY

This study aims to conduct a bibliometric analysis of the
studies undertaken in the scope of the keyword “industrial
metaverse” in the Web of Science and Scopus databases to
address the research question and identify the technologies
or processes most frequently collaborated with Industrial
metaverse technology. Keywords include those chosen by
the authors. For this purpose, studies in the WoS and
Scopus databases were analysed from January 1, 2022, to
May 15, 2024. The concept of the industrial metaverse
began gaining prominence in 2021. For this reason, the first
studies on this subject have been included in WoS and
Scopus academic databases since 2022. There were no
relevant studies in the WoS or Scopus databases before this
date. The 60 documents examined are provided in the
appendix section of the study.

The study population consists of 44 studies from the
Scopus database and 16 studies from the WoS database,
totaling 60 studies under the keyword <“industrial
metaverse”. A complete census was conducted, and no
sample was selected. The data were compiled manually
and VOSviewer application.

The bibliometric analysis, which reveals the technologies
and processes related to industrial metaverse technology,
was conducted using the VOSviewer application. In this
context, the frequency of word repetition in the article titles
and abstracts of the examined studies and the frequency of
keyword co-occurrence were analysed. A total of 250
keywords from the related studies (authors’ keywords) and
the title and abstract of each study were analysed
separately. According to the frequency of co-occurrence of
keywords, 22 keywords were selected. In the title and
abstract analysis, the words used at least seven times in
total in all titles and abstracts were selected to identify the
areas related to industrial metaverse technology. The
Linear-Logarithmic (Lin/Log Modularity) normalisation
method was used to analyse keywords, article titles, and
abstracts. Lin/Log modularity can help to visualise more
clearly the relationships between research areas, keywords
or clusters of topics [40]. The findings of the analysis and
the discussion of these findings are presented in the
findings and discussion section.
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Additionally, four publications were published in both
WoS and Scopus databases. These joint publications are
shown in dark colours in tables in the Appendix.

4. Findings and Discussions

The findings were analysed in two parts. In the first part, a
frequency analysis was performed based on the number of
studies and citations, distinguishing between year and
database. Additionally, frequency analysis was conducted
according to the field of study of the documents within
each database. The discrepancy between the number of
studies and the number of fields of study is that some
studies pertain to multiple fields.

In the second part, the frequency of word occurrences in
the article titles and abstracts of the studies and the co-
occurrence of the keywords entered by the authors were
analyzed using the VOSviewer application. This analysis
aims to identify which technologies or processes the
Industrial metaverse collaborates with the most.

4.1. Frequency Analysis

The frequency analysis showing the total number of studies
related to the analysed studies based on years is presented
in Table 1. In contrast, the frequency analysis related to the
total number of citations is presented in Table 2.

In Table 1 and Table 2, the colouring is done in white/black
tones based on the number of studies in the databases.
While the black tone indicates the highest number of
studies or citations, the lightening of the tone colour shows
a decrease in the number of studies.

Table 1. Frequency Analysis of Studies Published in Wos
and Scopus Databases (01.01.2022-05.15.2024)

DATABASES
SCOPUS WoS
YEARS Document Document
Count Percent Count Percent
4 25
2022 5 11,37

Table 1 shows that there are more studies in the Scopus
database than in the WoS database. The document density
in the Scopus database in 2024 is particularly notable. By
mid-2024, the highest number of documents was reached
compared to previous years.
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Table 2. Citations Count by Years

Total
Citiations
by years

SCOPUS WoS

YEARS

108

2024  (Until
05.15.2024)

The table shows that the Scopus database surpasses the
WoS database in terms of the number of citations.
Evaluating Table 1 and Table 2 together indicates that
studies on the industrial metaverse are expected to intensify
in 2024.

I S |
]
]
. 3

Physical Sciences
Multidisciplinary
Social Sciences
Health Sciences

Figure 3. Frequency Analysis Graph of Studies Published
in Scopus Database (01.01.2022-05.15.2024) by Study
Area

Figure 3 shows that the physical sciences category in the
Scopus database, with 31 studies, represents the highest
number of works. Additionally, 5 studies in the social
sciences indicate that the topic is also being explored
within this field.

Physical Sciences I 1
Social Sciences HER 2

I}

Muldisciplinary m 1

Health Sciences

Figure 4. Frequency Analysis Graph of Studies Published
in WoS Database (01.01.2022-05.15.2024) by Study Area

Figure 4 shows that the physical sciences category in the
WoS database, with 12 studies, represents the highest
number of works. Additionally, 2 studies in the social
sciences indicate that the topic is also being explored
within this field.

4.2. Term Co-occurrence Analysis of Study Titles and
Abstracts

To understand the relationship between the words in the
titles and abstracts of the 44 studies examined from the
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Scopus database, the relationship visualisation of 14 words
that occur at least seven times in the titles and abstracts of
all studies is shown in Figure 5. The lowest repetition
frequency is for “artificial intelligence” with seven
occurrences, while the highest is for the term "industrial
metaverse" with 103 occurrences.

industry

artificial iatelligence

techigology

manufagturing
industrialpetaverse

smart ma@iufacturing

digitabtwi
igitabtwin S@m
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According to Figure 5, two distinct groups emerged from
the analysis. The red cluster includes the terms “industrial
metaverse”, “digital twin”, “system”, “technology”,

“manufacturing”, “smart manufacturing”, and “artificial

intelligence”. This group predominantly consists of
technologies related to smart manufacturing processes.

iigt

human

virtual-engironment

me&rse

avatar
user

Figure 5. Network Visulation of the Co-occurrence of 14 Terms that Appear at Least 7 Times in the Titles and
Abstracts of Documents Obtained from the Scopus Database.
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Figure 6. Network Visulation of the Co-occurrence of 14 Terms that Appear at Least 7 Times in the Titles and Abstracts
of Documents Obtained from the WoS Database.
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Digital twin technology models objects in the physical
environment within a virtual environment, forming the
infrastructure for industrial metaverse technology. The
industrial metaverse environment is generated using these
modelled objects, and Al technologies can further
streamline this process, significantly contributing to the
creation of smart production infrastructure.

The green cluster includes the terms ‘“metaverse”,
“human”, “avatar”, ‘“user”, “IIOT”, and ‘virtual
environment”. This group primarily consists of
technologies related to the data collection infrastructure of
industrial metaverse technology and the representation of
employees in the virtual environment. In the industrial
metaverse, an employee or person is represented by an
avatar, a visual entity depicted as digital knowledge in the
virtual environment. Both objects and workers need to
have equivalent visual entities in the virtual environment,
with their data and knowledge transferred via IIOT. When
these technologies are applied to production processes, a
twin of the production process is generated in the virtual
environment. Together, the technologies in the red and
green clusters form the smart manufacturing infrastructure.
These findings are supported by the findings of Ren et al.
[7], Xiang et al. [8], and Yang, Wang, and Zhao [9]
investigate the link between industrial metaverse and smart
manufacturing.

To understand the relationship between the words in the
titles and abstracts of the 16 studies examined from the
WoS database, the relationship visualisation of 14 words
that occur at least seven times in the titles and abstracts of
all studies is shown in Figure 5. The lowest repetition
frequency is for the term “industrial mr application”, with
5 occurrences, while the highest is for "industrial
metaverse", with 35 occurrences.

According to Figure 6, two different clusters emerged from
the analysis. The red cluster includes terms such as
augmented  reality, visual asset, manufacturing,
blockchain, artificial intelligence, advanced
manufacturing, and digital technology. This cluster
generally comprises technologies that form the
infrastructure of industrial metaverse technology. In the
metaverse, objects in the physical environment are
represented as visual assets. Similarly, the equivalent of an
employee (user) in the metaverse is an avatar, also a visual
entity. These visual entities are represented as digital data
or knowledge in the virtual environment. Maintaining this
information within a blockchain-based data storage
infrastructure is crucial for security in the industrial
metaverse. Additionally, the relationship between
blockchain infrastructure, digital currency, and NFTs
indicates the potential for commerce within the industrial
metaverse infrastructure.

The green cluster includes terms such as industrial
metaverse, metaverse, user, smart manufacturing,
industrial MR (mixed reality) application, and I1OT. This
cluster primarily consists of technologies related to the data
collection infrastructure of industrial metaverse technology
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and the representation of employees in a virtual
environment. MR applications combining VR and AR are
integral to the industrial metaverse infrastructure. A data
and knowledge cycle-based infrastructure is necessary to
use industrial metaverse technology through MR
technology effectively. I1OT technology, which connects
the physical environment to the virtual environment for
data and knowledge acquisition, is a key component of this
infrastructure. This technology enables the transfer of data
and knowledge from the physical to the virtual
environment, thus preparing the infrastructure for a smart
production environment. These findings are consistent
with those of Zheng et al. [12] and Kumar et al. [5].
However, it is important to note that industrial metaverse
technology extends beyond smart manufacturing.
According to Opperman et al., industrial metaverse also
supports processes such as marketing, supply chain
management, financial applications, and on-the-job
employee training [13].

4.3. Keyword Co-occurrence Analysis

Within the scope of the keyword co-occurrence analysis,
the frequency of two keywords appearing together in the
same article among 168 from the examined studies from
the Scopus database was analysed. The density map
resulting from the analysis is shown in Figure 7. The lowest
co-occurrence frequency value is 3 for the keyword “smart
manufacturing”, while the highest co-occurrence value is
44 for the keyword “industrial metaverse”.

When analysing the keyword co-occurrence in the WoS
database, a relationship is observed between industrial
metaverse technology and keywords such as digital twin,
blockchain, metaverse, 10T, VR, AR, XR (Extended
Reality), and cyber-physical systems. Notably, these
technologies are prominent in the Industry 4.0 process and
form the infrastructure of the Industry 5.0 process [1].
Environmental sustainability, employee training, and smart
manufacturing have emerged as processes related to
industrial metaverse technology.

The more significant number of studies in the Scopus
database has made the technologies and processes related
to industrial metaverse technology more evident in the
keyword co-occurrence analysis. These technologies
constitute the infrastructure of industrial metaverse
technology, and the processes interact with industrial
metaverse technology. These findings are supported by
Lyu and Fridenfalk [38], Ren et al. [7], Agalwar and
Alathur [3], Xiang et al. [8], and Muller et al. [14].

Within the scope of the keyword co-occurrence analysis,
the frequency of two keywords appearing together in the
same article among 82 keywords from the examined
studies was analysed. The density map resulting from the
analysis is shown in Figure 8. The lowest co-occurrence
frequency value is 2 for the keyword “digital twin”, while
the highest is 16 for “industrial metaverse”.
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When examining the keyword co-occurrence in the WoS
database, a relationship between industrial metaverse
technology and the keywords digital twin, blockchain, and
metaverse is observed. This relationship indicates that
industrial metaverse technology leverages blockchain and
digital twin technologies to bring the benefits of metaverse
technology to the industrial sector. These findings are
supported by the studies of Lyu and Fridenfalk [38] and
Ren et al. [7]. Lyu and Fredenfalk examined the
relationship between the industrial metaverse and the
digital twin. Ren et al. focused on how the industrial
metaverse infrastructure can be structured with digital
twin, 11oT, and blockchain technologies and how smart
manufacturing can be built.

The findings of this study highlight the intricate
relationship between various technologies and processes
associated with industrial metaverse technology. Industrial
metaverse technology is deeply intertwined with smart
manufacturing processes, digital twin technology, Al,
I1oT, blockchain, and other advanced technologies. The
visualisations of keyword relationships in the titles and
abstracts of the studies reveal distinct clusters of
technologies and concepts. These technologies are driving
significant advancements not only in smart manufacturing
but also in areas such as marketing, supply chain
management, financial applications, and on-the-job
employee training. These advancements underscore

industrial metaverse technology's versatility and
potentialimpact across diverse sectors and business
processes. Overall, this study contributes to the existing
literature by providing a comprehensive overview of the
technologies and processes associated with industrial
metaverse technology. The findings offer valuable insights
for researchers, businesses, and policymakers looking to
understand and leverage the potential of industrial
metaverse technology in the digital transformation era. As
a result of these findings, Figure 9 is drawn to more clearly
illustrate which technologies and processes industrial
metaverse technology collaborates with, addressing RQ1.

5. CONCLUSION

The concept of the industrial metaverse encompasses the
application of metaverse technology within the industrial
sector. A synergy between various technologies, such as
digital twins, VR, AR, blockchain, and 10T, is required to
harness industrial metaverse technology effectively. These
technologies are pivotal for configuring enterprises' digital
transformation processes in alignment with the Industry
5.0 framework. Industrial metaverse technology presents
an opportunity to maximise the benefits derived from these
technologies by enabling employees and business
stakeholders to achieve optimal efficiency in the digital
transformation process. This is accomplished by
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visualising data and knowledge gathered during digital
transformation using technologies like VR and AR.

This study conducted a bibliometric analysis of studies on
the industrial metaverse added to the Scopus and WoS
databases since 2021. This analysis aims to identify the
technologies and processes associated with industrial
metaverse technologies and provide insights for academics
and businesses working in this field. The results indicate
that the number of studies and citations in the Scopus
database is higher than in the WoS database. The
technologies associated with industrial metaverse
technology include digital twins, IloT, VR, AR, XR,
blockchain, and Al. Industrial metaverse technology is
related to smart manufacturing, employee training, the
Industry 5.0 process, and environmental sustainability
(green manufacturing) processes.

The findings align with existing literature, which has
explored various dimensions of industrial metaverse
technology. For instance, Kumar et al. have examined the
relationship between the industrial metaverse and
organisational agility and business performance, while
Kshetri has analysed its economic returns. Ren et al., Xiang
etal., and Yang, Wang, and Zhao have investigated the link
between the industrial metaverse and smart manufacturing.
Kshetri and Dwivedi have studied its relationship with
environmental sustainability, and Gattullo et al. have
focused on knowledge sharing. Furthermore, Opperman et
al. have explored the relationship between the industrial
metaverse and remote support and training, while Muller,
Bohne, and Jamboula have examined its scope and
components. Bharti and Sharma discussed the interaction
between avatars and humans in decision-making processes,
and Aromaa et al. explored the relationship between the
industrial metaverse and human factors.

This study contributes to the literature by offering a
comprehensive bibliometric analysis, thereby identifying
the core technologies and processes associated with the
industrial metaverse. As research on the industrial
metaverse continues to grow, more use cases and potential
benefits are expected to emerge. The current focus of
studies from both databases is on the relationship between
industrial metaverse applications and the smart
manufacturing process. However, future research
exploring the applications of the industrial metaverse in
different areas and the technologies that can structure these
applications will broaden the scope of this field. For
instance, investigating how industrial metaverse
technology can be leveraged to enhance remote
collaboration, optimise supply chain management, or
advance predictive maintenance practices could provide
valuable insights and further solidify its role in digital
transformation. The potential for real-time data processing
and decision-making through like 110T, digital twins, Al,
VR AR, blockchain and NFT advanced technologies and
smart processes, combined with the immersive and
interactive capabilities of the metaverse, could reshape
industrial operations.
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A limitation of this study is that only the studies indexed in
the Web of Science (WoS) and Scopus databases were
examined. Future research encompassing different
databases, as well as longitudinal studies tracking the
evolution of industrial metaverse applications over time,
could enhance the findings of this study. Additionally, case
studies and real-world implementations of industrial
metaverse technology could provide practical insights and
validate the theoretical frameworks developed through
bibliometric analysis.
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