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Abstract— The concept of the Metaverse has gained 

increasing attention as advances in virtual and augmented 

reality (AR) technologies have enabled the creation of 

immersive and interactive virtual environments. However, most 

of these studies remain independent and only a few studies 

attempted to investigate their relationships. To analyze key 

trends in Metaverse research and conduct a thorough 

bibliometric analysis, we used VOSviewer and Bibliometrix, R-

tool package on the Scopus database. Our co-occurrence 

analysis revealed that the hot topics are related to virtual reality, 

augmented reality, the Internet of Things, and blockchain, and 

there are potential areas for future research, such as privacy, 

security, and education in the Metaverse. In addition, our 

analysis identified the most active countries and institutions in 

the field, the top subject areas, as well as potential gaps in the 

literature that could be explored in future research. This study 

provides valuable insights into Metaverse research and can help 

guide future research in this field.  
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I. INTRODUCTION AND BACKGROUND 

The concept of the Metaverse, a virtual universe where 
users can communicate and interact with each other, has 
gained significant attention and interest in recent years as 
virtual and augmented reality (AR) technologies continue to 
advance and create immersive and interactive virtual 
environments. This advancement in technology has resulted in 
an explosion of research in this field, especially since 2020, 
with numerous studies being published on the potential uses, 
applications, and challenges of the Metaverse [1], [2]. 
However, much of the primary Metaverse research is 
conducted independently and only a few studies have 
attempted to investigate the relationships and interconnections 
between different Metaverse research areas [3]. To better 
understand the scientific landscape of Metaverse research, it 
is important to conduct a comprehensive data mining, 
analysis, and visualization of the existing literature. 
Conducting a comprehensive bibliometric analysis will 
provide a more complete view of the field, enabling 
researchers to identify key trends and challenges, as well as 
active actors and institutions in the area of Metaverse research. 
According to our literature review only a few documents 
related to bibliometric analysis and Metaverse. Tilly et al. [4] 
used bibliometric analysis to study the field of Metaverse in 
education, revealing research trends, areas of focus, and 
limitations. The study found a gap in research on lifelogging 
applications in educational Metaverse and show that the 
design of Metaverse in education has evolved with a focus on 
artificial intelligence technologies for a generation. The work 
by Firmansyah et al.  [5] used bibliometric analysis to examine 
the management issues related to journal publishing in the 

Southeast Asian context, with a particular emphasis on the 
Jurnal Pengurusan. Their findings indicate that Malaysia is the 
most notable country in terms of author affiliation and 
keyword appearance, and that collaboration among the 
authors is primarily from the Asian continent. The study 
provides an evaluation of scholarly literature on management 
issues in the Southeast Asian context. Baghalzadeh et al. [6] 
used bibliometric analysis to analyze 1879 academic 
publications related to Building Information Modeling (BIM),  
Digital Twins (DT), and the Internet of Things (IoT) in the 
construction industry. The study identified key publications, 
conferences, influential authors, countries, organizations, and 
funding agencies, and suggested potential areas for future 
research such as the integration of BIM and Metaverse 
technology, BIM and Artificial Intelligence, and the use of 
BIM and IoT in the Circular Economy. Zhao et al. [7] used 
bibliometric analysis to examine the utilization of virtual 
reality (VR) technology in nursing research. The study results 
indicate that the United States is the most dominant country in 
this research field. The main research topics identified are 
virtual simulation, virtual learning, clinical skills, and 
dementia. The burst keywords for 2020-2021 were knowledge 
and simulation. The study also mentions the emergence of the 
Metaverse concept and suggests that future research in this 
area will likely increase. Liu et al. [8] conducted a bibliometric 
analysis to investigate the use of virtual reality (VR) in 
therapy, focusing on post-traumatic stress disorder (PTSD), 
anxiety and fear-related disorders (A&F), diseases of the 
nervous system (DNS), and pain management. The study 
found that VR-aided therapy is a popular research topic, with 
the United States being the most dominant country in this 
field. The research identified four main areas of study in VR-
aided therapy. The study also used VOSviewer software to 
conduct bibliometric analyses on VR-aided therapy from the 
perspective of Web of Science core collection. The study 
suggests that future research should focus on integrating more 
innovative therapies, emphasizing psychological benefits, 
using game elements, and introducing design research. The 
study also suggests that the health Metaverse could be a 
potential application of VR in therapy. Finally, the paper by 
Abatte et al. [3] used bibliometric analysis to review studies 
on the concept of the Metaverse. The authors summarize the 
most significant articles and journals in the field, as well as the 
most productive and prominent authors, organizations, and 
countries. The implications of the Metaverse on industry and 
society are also discussed. 

One potential gap in the previous and existing research on 
the Metaverse is a lack of focus on its potential applications in 
industries outside of education and healthcare. Besides, while 
these areas are certainly important and deserving of study, the 
Metaverse has the potential to impact a wide range of other 



 

 

fields, from entertainment to finance to transportation. Yet, 
little research has been done to explore the potential 
applications and trends of the Metaverse.  In this paper, we 
used VOSviewer [9], Bibliometrix, and Biblioshiny platform 
[10] to analyze trends and perform a bibliometric analysis on 
Metaverse research using the Scopus database. Data gathered 
from the Scopus database were selected based on PRISMA 
model [11]. The paper is organized as follows: Section 2 
discusses the research methodology, Section 3 presents the 
results and discussion, and finally, Section 4 concludes the 
study. 

II. RESEARCH METHODOLOGY AND DATA 

To effectively analyze a large amount of data collected 
from a database and investigate relevant research in terms of 
publication output, research directions, most active countries, 
and evolution of the field studied, we use bibliometric 
analysis. The research methodology used in this study is based 
on a quantitative and qualitative approach using bibliometric 
analysis and the Visualization of Similarities (VOS) method 
to understand the intellectual structure of the metaverse and 
uncover emerging trends in published scientific articles [12], 
[13].  

An important aspect of a bibliometric analysis is the 
examination of the relationships between different works on 
the metaverse and the creation of a network diagram to 
analyze these relationships through citations, co-authorship, 
or other mappings. In this study, the Scopus database is used 
for the bibliometric analysis as it is generally considered to 
have greater publication coverage and uses a system of subject 
categories and sub-categories to organize its content [14], 
[15]. The process involves using the advanced search function 
in the database with additional keywords or criteria. 

The output of the bibliometric analysis in the visualization 
stage includes the number of published papers, the topics of 
the studies, the extent to which countries collaborated, the 
power of these relationships, the most popular search terms, 
the types of scientific journals published, and the number of 
citations. Additionally, the results can be used to identify gaps 
in the literature and suggest potential areas for future research. 

Figure 1 illustrates the main steps of the analysis process. 
The first step is to select a database for the bibliometric 
analysis. The next step is to identify relevant keywords 
through a thorough literature review and search in the selected 
database and construct query strings. Using the identified 
keywords and other criteria, the next step is to refine the search 
in the database, extract the search results and import them into 
a CSV file.  

It is also important at this stage to perform primary 
statistical analysis of the data within the database, analyze the 
data, interpret the results, and draw preliminary conclusions 
about the topic. The output of the bibliometric analysis in the 
visualization stage includes the number of published papers, 
the topics of the studies, the extent to which countries 
collaborated, the power of these relationships, the most 
popular search terms, the types of scientific journals 
published, and the number of citations. Additionally, the 
results can be used to identify gaps in the literature and suggest 
potential areas for future research.  

The present study employs the Visualization Of 
Similarities Method (VOS) as implemented in the VOSviewer 
software version 1.6.18 [9] to analyze, assess, and discover 

significant research in terms of publications, research trends, 
active countries and institutions, and the significance and 
evolution of the Metaverse concept.  

 

Fig. 1. Main stages of the bibliometric analysis. 

 

To accurately analyze the data collected for this study, it is 
essential to clean the data and remove duplicates, missing 
information, and irrelevant documents. We use the PRISMA 
model (Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses) [16]. By following these guidelines, we can 
ensure that our data analysis is transparent and reliable. Figure 
2 presents the PRISMA flow diagram to illustrate the process 
of identifying, screening, and determining the eligibility of 
publications for inclusion in the analysis. The initial search 
resulted in the extraction of 1054 publications, including 
articles, conferences, reviews, book chapters, and books. After 
removing 66 documents that were classified as editorials, 
letters, or notes, there were 988 remaining documents. These 
documents were then cleaned by eliminating duplicates and 
records with missing authors or titles, resulting in a total of 
930 eligible documents. Of these, 15 documents were 
removed because they were not related to the topic under 
consideration, leaving a total of 915 documents that were 
included in the bibliometric analysis, as shown in Figure 2. 

 
Figure 2. PRISMA flow diagram study selection with identification, 

screening, eligibility, and inclusion 



 

 

III. RESULTS AND DISCUSSION 

The present bibliometric study uses search strings to 
identify articles related to the Metaverse applied to the title, 
abstract, and keywords using TITLE-ABS-KEY(( 
"Metaverse*")  OR  ("Virtual Reality"  AND  ("Metaverse*"))  
OR  ("augmented reality"  AND  ("Metaverse*")) OR 
("avatars"  AND  ("Metaverse*"))  OR  ("IoT" AND 
("Metaverse*"))). The analysis was performed on December 
10, 2022.  

The result stated that 1054 papers had been published; 
however, after applying the PRISMA model, the number of 
documents to be evaluated was reduced to 913. Results 
revealed that from the 913 articles extracted, 80% of them 
were published from 2020 to 2022 which shows a huge 
percentage increase. The top five most active countries out of 
70 countries who contributed to the publications of documents 
in Metaverse are China (189), the USA (170), South Korea 
(109), the United Kingdom (89), and Italy 45 (see Figure 3). 
The most active institution identified is the Chinese Academy 
of Sciences, while the top funding agency is the National 
Natural Science Foundation of China. In terms of total 
citations, the USA ranks first with 1141 citations, followed by 
the United Kingdom with 644, South Korea with 528 
citations, and China with 335 citations. In terms of subject 
areas, 31% of the total documents were in computer science, 
16% in engineering, 12% in social sciences, 6% in 
Mathematics, and 5% in business, management, and 
accounting (see Figure 4).  

 

Fig. 3. Number of documents by country (co-authorship). 

 

Fig. 4. Distribution of document by subject area. 

A. Application of VOSviewer 

VOSviewer is a software tool for creating and analyzing 
networks of bibliographic data, such as that found in Scopus 
or Web of Science. It is commonly used to create maps of 
scientific fields, analyze patterns of collaboration, and identify 
influential authors and papers in a particular domain. 

VOSviewer is developed by Leiden University Library in the 
Netherlands and is available as a free download for Windows, 
Mac, and Linux [9], [17]. In this study, we used VOSviewer 
version 1.6.18 [9] to analyze bibliometric data and identify 
patterns and trends. We performed co-occurrence analysis, 
which involved creating a network with nodes representing 
words, and edges representing the co-occurrence of the words 
within the documents. We also conducted co-authorship 
analysis, which involved creating a network of nodes 
representing authors and edges representing co-authorship 
relationships. To compare and combine the data in different 
ways, we used the overlay visualization feature to display 
multiple layers of data on the same map. Additionally, we 
used the density visualization feature to identify areas of the 
network with a higher concentration of data nodes. Overall, 
these analyses allowed us to gain insights into the 
relationships and patterns within the data. 

The objective of keyword co-occurrence analysis is to 
extract frequency data that exist in multiple documents to form 
a network of relationships among the keywords to identify and 
highlight the main trend of research in the domain of 
Metaverse. Figure 5 illustrates the network visualization of 
author keywords co-occurrence where the size of the circles 
represents the number of documents published. The larger the 
circle, the more documents it covers. The distance between 
two nodes represents the strength of their connection. A lesser 
distance shows a stronger bond. The thicker the line is, the 
more often they occur together. The results show that the most 
frequently used keywords in the Metaverse literature are 
related to VR, AR, blockchain, and the IoTs (Figure 5).  

An analysis of the overlay visualization in figure 6 reveals 
that recent publications focus on VR, AR, blockchain, and the 
IoTs, in addition to deep learning, machine learning, and 
digital twins. The density visualization of the keyword 
occurrence is illustrated in Figure 7. By overlaying multiple 
visualizations, it is possible to identify commonalities and 
differences between the data, making it easier to identify 
trends and patterns. Each color represents a different density 
of data, the red color (Metaverse) indicates a high density of 
data, while the blue color indicates a low density of data.  

Both overlay visualization and density visualizations are 
two useful features used in the VOSviewer software tool for 
visualizing and analyzing bibliometric data. These findings 
provided insight into the future Metaverse. 

 

Fig. 5. Network visualization of the author keywords co-occurrence 



 

 

 

Fig. 6. Overlay Co-occurrence of author keywords. 

 

Fig. 7. Density of Co-occurrence of author keywords. 

Figure 8 displays the citations by documents. For the 913 
documents retrieved and a minimum of 10 citations by 
document, 81 documents meet the threshold with the three 
most cited documents by Alanah et al. [18] in 2009 with 215 
citations,  Dionishio et al. in 2013 [19] with 139 citations and 
more recently by Sang-Min et al. [20] in 2022 with 98 
citations. Alanah et al. paper present a conceptual model for 
researching Metaverse and their use for virtual team 
collaboration, This model was designed to facilitate further 
research and application in virtual teams within the context of 
Metaverse. The work of Dionishio et al. [19] detailed the 
necessary advancements that must be made to achieve 
Metaverse functionality and factors supporting its viability. 
Finally, the work of Sang-Min et al. present highlights the 
basic methodologies for used on Ready Player One, Roblox, 
and Facebook research in games and films. They also outlined 
limitations for Metaverse as societal influences. Figure 8 
suggests that much work is to be done in Metaverse. 
Furthermore, the collaboration between researchers is weak as 
most of the nodes are not linked, and only a few researchers 
are collaborating (colored ones) as shown in the figure. 

 
Fig. 8. Citations by documents (min 10 docs). 

B. Application of Bibliometrix 

Bibliometrix is an R-package that provides tools for 
quantitative research to create comprehensive science 
mapping and bibliometrics. It is written in R-language, which 
is an open-source environment and programming language for 
statistical computing, developed by Massimo Aria and 
Corrado Cuccurullo [10]. Bibliometrix and its Biblioshiny 
platform for non-coders provide a complete user-friendly 
interface to perform extensive bibliometric analysis starting 
from data collection, followed by data analysis, and ending 
with data visualization.  

A recent survey paper [21] compared various bibliometric 
analysis tools and found that Bibliometrix "is distinguished by 
its incorporation of a wide range of different analyses. For 
instance, it provides analytics and plots at different levels such 
as author, documents, and sources, in addition to conceptual, 
intellectual and social structure. In this study, we used 
Bibliometrix version 4.0.1 which can be run through RStudio, 
which is an integrated development environment (IDE) for R 
programming language [22], [23]. RStudio can be run across 
all operating systems and Bibliometrix can be installed and 
imported as a package. We started by importing the 
Bibliometrix package: 

library(bibliometrix) 

Next, retrieve the data from the Scopus file, where file is a 
variable that includes the path to the file: 

M <- convert2df(file = file, dbsource = 

"scopus",format = "csv") 

 Then, we applied the three-field function that produces a 
three-field plot using a Sankey diagram: 

threeFieldsPlot(M, fields = c("AU", 

"DE", "DT"), n = c(15, 10, 6)) 

 A Sankey diagram illustrates the flow of data from one set 
to another [24]. It is visualized by nodes, the entities that are 
being connected, and links, the connections between the 
nodes. The nodes are represented as rectangles and the links 
are arrows with widths that are proportional to their 
importance of it [25]. The three-field function in R takes three 
parameters, which are the entities to be represented as nodes, 



 

 

and three integers, that define how many of each entity we will 
visualize.  

Figure 9 shows the resulting three-field plot which 
visualizes the relationship between the author (AU), keywords 
(DE), and source type (DT). The number of entities to be 
visualized has been chosen as 15 authors, 10 keywords, and 6 
source types because this combination shows the most 
relevant information. We find that most of the source types are 
articles, followed by conference papers. In general, this is 
expected and matches the numbers found in Figure 2. The 
dominant keyword is metaverse and this agrees with values in 
figures 5, 6, and 7.  

Metaverse has an incoming flow count of 10 indicating 
that all authors on the left have used this word in their texts. 
On the other hand, it has an outgoing flow count of 4 and this 

means that 4 of the 6 source types have used the word. The 
two sources that have not been used are review and book 
chapters. These analyses allowed us to gain a deeper 
understanding of the interconnections between our main 
entities – authors, keywords, and sources, within the data. 

Overall, the three-field plot in Figure 9 provides valuable 
insights into the relationships between authors, keywords, and 
source types in our data. It allows us to see which authors have 
used which keywords in their texts and which source types 
have utilized certain keywords. By examining these 
interconnections, we can gain a more comprehensive 
understanding of the data and the themes that emerge within 
it. 

,  

Fig. 9. Three-Field Plot visualizing the relation between authors (AU), Keywords (DE), and Source Type (DT). 

 

IV. CONCLUSION 

The bibliometric analysis conducted using Bibliometrix 
and VOSviewer showed that the topic of the metaverse has 
received substantial attention in recent years, with the majority 
of articles on the topic being published within the past two 
years. The top countries in terms of publication were China, 
the USA, South Korea, the United Kingdom, and Italy. The 
most active institutions in terms of publications were the 
Chinese Academy of Sciences and the National Natural 
Science Foundation of China. In terms of total citations, the 
USA was the top contributor, followed by the United 
Kingdom, South Korea, and China. The most common subject 
areas for articles on the metaverse were computer science, 
engineering, and social sciences, with keywords related to 
virtual reality (VR), augmented reality (AR), blockchain, and 
the Internet of Things (IoT) being the most frequently used. 
Additionally, recent publications have also focused on 
machine learning, deep learning, and digital twins.  

 

 

The field plot visualization was a useful tool for 
identifying trends and patterns in the data and understanding 
the connections between different entities within the dataset. 
However, it is important to note that this analysis may not 
capture all forms of research outputs on the metaverse, such 
as workshops and other types of publications. Despite this 
limitation, the analysis still provides valuable insights into the 
state of the art in metaverse research and can help guide future 
research in this field by identifying patterns, trends, and 
potential gaps in the literature. 
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