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Introduction
In the speculative novel named Snow Crash, the virtual parallel world in which users 
interact with characters is called the metaverse [1], which has also become the literary 
Origin of the metaverse mentioned by most scholars. In the virtual reality field, the ini-
tial version of the Metaverse was conceptualised as a network of virtual worlds where 
avatars could travel between them effortlessly. This idea was brought to life with Open-
sim’s Hypergrid [2]. The second iteration of the Metaverse in mixed reality is presently 
being developed to establish a social and immersive VR platform that can function 
smoothly with massively multiplayer online games, open game worlds, and AR collabo-
ration spaces. Users will be able to socialize and interact with one another as 3D holo-
grams or avatars in physical or virtual spaces without any limitations, according to this 
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vision [3]. Damar defined the metaverse as a "3D virtual environment where augmented 
and virtual reality technologies enable all activities" in 2021 [4].

With the flattening of the Internet, the development of industrial intelligence, and the 
imagination of a super-intelligent society, the metaverse has become the current hotspot 
of industry and research [5]. As a product of the ultimate form of future society [6], the 
relationship between the virtual world constructed by the metaverse and the real world 
has become the focus of discussion. However, from the borrowing of literary ideas to 
the landing of industrial applications, the exploration of the metaverse is still in the early 
stages of chaos, and different experts have not formed a unified and clear understanding 
of the metaverse. Lee et al. [7] considered the metaverse as a virtual environment blend-
ing physical and digital facilitated by the development of Internet and Extend Reality, 
From the dual perspective of digital and physical world, they proposed three essential 
stages for the development of metaverse: Digital Twins (Our physical environments are 
digitised and thus own the capability to periodically reflect changes to their virtual coun-
terparts), Co-existence of physical-virtual reality and Digital Natives. However, there is 
no high coverage of the applicable scene for the definition of the metaverse now, it is dif-
ficult to have a unified conclusion.

Although the business men focus on the extension of metaverse application scenarios, 
scholars pay more attention to the mechanism of metaverse in the process of data and 
manifestation of human thought and behavior [8]. Park et al. [9] proposed the basis of 
four elements: sense of reality, popularisation of access and identity, interactivity and 
extensibility. People can communicate in the metaverse through digital avatars [10, 11], 
and activities in the real world have a new activity space with the help of augmented or 
virtual reality services. Utility becomes a main idea for the design of the parallel space of 
the metaverse. Wang et al. [12] introduced the concepts of meta-enterprise and meta-
city, which reflect the features of individuals, objects, institutions, places, among other 
elements found in actual enterprises and cities. Furthermore, they presented a simula-
tion approach using metaiverse attributes to assess and improve decision scenes, which 
involves computational experimental methods. In addition, metaverse can also be used 
as the digital copy of enterprise marketing in the virtual world to realise the innovation 
of virtual platform, content service, consumer and business behaviour [13]. The study 
of the metaverse provides enlightenment for the future of human culture, scientific 
and technological advancements, and social progress, among other things. The current 
research progress and hot areas of the metaverse can be elucidated under the dual pro-
motion of academic research and practical application. This provides an important the-
oretical guide towards better understanding key technologies and future development 
trends of the metaverse.

There are few bibliometric analysis articles available on the field of metaverse. Most 
of these articles use VOSviewer and Citespace softwares to conduct a basic knowledge 
graph analysis on a specific topic of metaverse research, such as metaverse in education 
[14] and research differences among different countries [15]. All previous bibliometric 
analysis of metaverse research was carried out in 2022. However, the relevant research 
on the metaverse has progressed very rapidly, and many changes are expected within 
one year. Therefore, this paper, which conducted research in 2023, has a significant 
advantage in terms of data update. The paper’s innovation lies in selecting the Web of 
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Science core repository, which boasts high academic authority, as the data source after 
rigorous analysis of multiple databases. And this decision-making process is elaborately 
explained. This paper has also been analysed to identify the most influential articles and 
journals in the research literature related to the metaverse. Moreover, the paper uses the 
latest version of citespace to find the citation cluster dependency identification of cita-
tion trends previously unattainable in bibliometric analyses of the metaverse. Addition-
ally, this paper examines the general direction of metaverse research and the obstacles 
that lie ahead, providing recommendations accordingly.

Based on the perspective of research correlation and trend of the metaverse, this paper 
reviews its literature, adopts CiteSpace software, based on bibliometric analysis method, 
takes the core data set of Web of Science as the literature data source, analyzes the lat-
est research process and hot spots related to the metaverse from multiple dimensions, 
and analyzes its research trends and development trends. This paper aims to review the 
current research progress and trends in this field, as well as to highlight future research 
directions so as to gain a systematic understanding of the role played by the metaverse in 
the academic research.

Data and methodology
Data sources

Data retrieval for bibliometric analyses is of utmost importance. When comparing the 
three databases, namely Web of Science, Scopus, and Dimensions, Dimensions stands 
out as having the most comprehensive coverage of journals, while Web of Science is the 
most selective. Web of Science and Scopus mainly cover life sciences, physical sciences, 
and technology, whereas Dimensions has more coverage in the fields of social sciences, 
engineering, and arts and humanities [16]. It is worth noting that Web of Science has 
greater coverage in the social sciences and arts and humanities than Scopus, for WoS-
exclusive journals in natural sciences, engineering, and the arts and humanities [17].

In this paper, citespace was chosen as the bibliometric analysis tool. This software has 
the most powerful features when takes WoS as the database. This paper has tried to use 
Scopus and Dimensions as a common data source for bibliometric analysis in the pilot 
phase of the econometric analysis and found that citespace has glitches and errors in 
performing institutional, country, and citation analyses. In addition, this paper intends 
to find out the hotspots of metacosmos related research as well as future trends through 
the bibliometric analysis, which mostly depends on the keyword analysis. After experi-
mentation this paper found that the results of keyword analysis with WOS as a single 
data source and keyword analysis with WOS, Scopus, and Dimensions as a common 
data source did not differ much in predicting future trends. Therefore this paper selected 
WOS as the data source for this bibliometric analysis.

The core data set of Web of Science (WOS) includes tens of thousands of high-impact 
academic journals and conference documents worldwide, which has very high academic 
authority. WOS was chosen since it covers more extensive paper information, broader 
research areas, and a more extended time period than other databases.This paper takes 
the core data set of Web of Science as the data source. The scope of literature reading 
included key reports such as White Paper on China’s Metaverse edited by Gon, and other 
reviews and research papers. We referenced to the previous literature on the metaverse 
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related research metrology analysis expression [15], the final determination of the search 
expression, to ensure that the search results can objectively reflect the research status 
of related fields. The retrieval formula of this subject was TS = (Metaverse OR Meta-
universe OR Metauniverse OR Meta-cosmic OR Metacosmum). The search time was up 
to Dec 1, 2023, and the search type is article and review. A total of 921 academic jour-
nal articles were retrieved. The selected articles were downloaded in the format of “full 
records and cited references” and saved as plain text files as data samples for analysis.

In data retrieval, there is a trade-off between "completeness" and "accuracy". Usually, 
a high rate of accuracy is associated with a low rate of accuracy, and a high rate of accu-
racy is associated with a low rate of accuracy. The error of rejecting the truth caused by a 
low check rate is also known as a Type I error; the error of taking a falsehood caused by 
a low check rate is also known as a Type II error. According to Professor Chen Chaomei, 
the priority of bibliometric analyses using citespace is to ensure the completeness of the 
search results. The retrieved irrelevant data will be filtered out to a certain extent in the 
process of generating scientific knowledge maps. Apparently irrelevant branches can 
also be ignored when analysing the map [18]. In other words, between a Type I error 
and a Type II error, it is preferable to make a Type II error because there is still a chance 
that such an error can be corrected later in the analysis process. In order to improve the 
problem of low completeness in simple keyword or subject search, this paper improves 
the completeness of search results by "citation expansion" [19] and no longer manually 
removes papers of low relevance, as is the case in comparable bibliometric analyses.

Analysis methods

CiteSpace is a software developed by Professor Chen Chaomei’s team at Drexel Univer-
sity in the United States. CiteSpace is based on co-citation analysis theory. It can display 
the structure, rule, and distribution of scientific knowledge in the form of a knowledge 
graph using a large amount of literature data within a certain subject field. Thus, it is a 
significant tool for visual bibliometric analysis. Based on bibliometric analysis, this paper 
used CiteSpace to visualize the authors, publishing institutions, countries and keywords 
of the selected articles, and drew co-occurrence maps of authors, institutions and coun-
tries, keyword co-occurrence, clustering and time line maps, as well as the highly cited 
journals and papers, the overlaying maps of the exerted and cited papers, so as to con-
duct a scientific and comprehensive analysis of the current status, hot spots and frontier 
trends of the metaverse related research. To further understand the overall research pro-
gress in the field of metaverse.

Results and discussion
Publication trend analysis

The results of the statistical analysis of the number of metaverse-related articles in the 
WoS core database are shown in Fig. 1. The results show that metaverse-related research 
started as early as 2005, only to remain in a state of being studied by a few until 2021. 
It was not until 2022 that the concept of metaverse was proposed by Zuckerberg and 
touted by commercial companies, and at a time when academia also began to pay exten-
sive attention to metaverse, the number of core articles on metaverse-related research 
has shown a spurt of growth since 2022, and by Dec 1, 2023, the total number of core 
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articles on metaverse-related research has increased from 34 to 921 in 2021 (7 of the 
papers are pre-published for 2024). Accordingly, the period 2008–2021 is described as 
the flat growth period of metaverse research development, and the period 2022 to the 
present as the exponential growth period.

In the literature searched, "Metaverse" first appeared in 2005 as the name of an 
immersive multi-projector system [20]. In fact, as early as 2008, scholars have begun to 
explore the concept of metaverse, and some scholars have begun to analyse the differ-
ences and links between the virtual world and the real world based on the MMORPG 
games [21], discussing the business opportunities and challenges of this virtual world 
("Second Life"), and will study the impact of corporate social responsibility The focus 
is on ethical and political issues [22]. Online games are the main research entry point 
of the flat growth period of metaverse research development [23, 24]. The concept of 
the "metaverse" has, since its inception, had a strong science fiction connotation. The 
science fiction narrative of literary creation presents the cyber-virtual space in a highly 
figurative form, which is highly consistent with the technical characteristics and concep-
tual connotation of the current "metaverse" [25]. The digital cultural capital market has 
helped to popularise the concept of " metaverse ". In October 2021, Facebook founder 
Mark Zuckerberg announced that the company would change its name to "Meta", and 
in November the same year, Microsoft also announced that it would integrate virtual 
environment technology to create a "meta verse". Rob-lox identifies the eight elements 
of the metaverse as identity, sociability, immersion, low latency, diversity, location, eco-
nomic system and civilisation. As a virtual world based on reality, video games provide a 
natural convenience for the formation of the technical space and conceptual connotation 
of the "metaverse". From this time onwards, research in this field entered a period of the 
exponential growth.

Cooperation network analysis

Country cooperation network analysis

Country was chosen as the node type, and the literature obtained from the WoS core 
collection database on metaverse(Fig. 2). The national collaboration network(Fig. 2) 
shows a relatively strong international collaboration between countries, with the 
highest number of publications coming from China (324), followed by the USA (161), 

Fig. 1 Trends in the annual and cumulative number of publications on metaverse research
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Korea (158), England (80) and India (56) (Table 1). The number of Chinese papers in 
metaverse research is much higher than that of other countries, indicating the high 
level of interest of Chinese researchers in this field. In addition, China has initiated 
collaborative exchanges with many other countries.

Nodes with purple outer circles in the graph have high median centrality values. 
Studies have shown that these nodes tend to identify cross-boundary potentials 
that may lead to transformative discoveries [26]. Ireland, Saudi Arabia, India, Aus-
tralia, United Arab Emirates, France, Malaysia, England and Germany all have high 
median centrality values. The centrality of nodes in Ireland (centrality = 0.32) is much 
higher than in other countries (Saudi Arabia is 0.25 and India is 0.19), indicating a 
higher international influence in the field. During the exponential growth period of 
metaverse research, England, Germany, India and Australia have significantly higher 

Fig. 2 International cooperative network of metaverse research

Table 1 Top 10 countries in terms of publications on metaverse research

No. Countries & Region Publications Percentage (%) Centrality

1 PEOPLES R CHINA 324 35.18 0.05

2 USA 161 17.48 0.09

3 SOUTH KOREA 158 17.16 0

4 ENGLAND 80 8.69 0.11

5 INDIA 56 6.08 0.19

6 ITALY 49 5.32 0.01

7 AUSTRALIA 41 4.45 0.18

8 SPAIN 41 4.45 0.03

9 GERMANY 36 3.91 0.1

10 TAIWAN 35 3.80 0.03
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levels of international collaboration and publications than other countries on the 
whole.

Institution cooperation network analysis

A cooperation network analysis of institutions publishing articles on metaverse 
was performed using institution as the node type (Fig.  3; N = 223, E = 645, Den-
sity = 0.0261). During data processing, This paper compares "Nanyang Technological 
University & National Institute of Education (NIE) Singapore" with "Nanyang Tech-
nological "University" combined the calculated quantity, and the data result after 
processing is shown in Table  2. It can be seen from Table  2 that Chinese Academy 
of Sciences and Nanyang Technological University published more literatures in this 

Fig. 3 Collaborative network of publishing institutions on metaverse research

Table 2 Top 10 institutions in terms of publications on metaverse research

No. Institutions Publications Percentage (%)

1 Chinese Academy of Sciences 33 3.58

2 Nanyang Technological University 24 2.61

3 Institute of Automation 19 2.06

4 Sungkyunkwan University (SKKU) 17 1.85

5 Lebanese American University 14 1.52

6 Kyung Hee University 13 1.41

7 Beijing Institute of Technology 13 1.41

8 University System of Georgia 12 1.30

9 Symbiosis International University 11 1.19

10 University of Texas System 11 1.19
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field, 57 in total, accounting for 6.19% of all literatures. The Chinese Academy of Sci-
ences (CAS) is mainly based on inter-institutional cooperation within China with 
Nanjing University, Hunan University, Southern University of Technology and the 
University of Chinese Academy of Sciences. King Abdulaziz University, which has 
the highest level of intermediary centrality, also cooperates with CAS. Nanyang Tech-
nological University and National Institute of Education (NIE) Singapore, University 
of Waterloo, Hong Kong Polytechnic University and other institutions in the current 
cooperative research. And almost all institutional collaborations were conducted dur-
ing the exponential growth period of metaverse research.

Author collaboration network analysis

The results of the author collaboration network analysis indicated that researchers in 
this field were more collaborative (Fig.  4). Larger circles indicate more occurrences 
of the node. The brighter the colour of the node, the more recent the year of occur-
rence. Among 231 authors, the authors with the most publications were Wang, Fei-
Yue (13), Niyato Dusit (12), Deveci Muhammet (11), Dwivedi Yogesh K (10), Jamshidi 
Mohammad. In addition, articles by authors such as Dwivedi Yogesh K, Hughes Lau-
rie, Raman Ramakrishnan, Pandey Neeraj, Dutot Vincent, etc. have relatively higher 
impact. Chinese authors generally publish more articles than foreign authors, but 
the overall impact of their articles is not as high as that of foreign authors. Foreign 
authors collaborate more closely in this field, but the collaboration between Chinese 
author teams is relatively loose. In the future, researchers from different countries 
should strengthen the cooperation and communication between different geographi-
cal areas in this field (Table 3).

Fig. 4 Collaborative network of authors on metaverse research
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According to Price’s theory [27], the number of papers published by core authors is 
calculated according to formula (1).

In the formula (1), N is the minimum number of papers the core author should pub-
lish;  Nmax is the number of papers by the most productive authors in the statistical year. 
According to formula (1), the number of papers published by core authors is at least 
about 2.69. Hence, this paper’s core authors will be authors who have published at least 
two papers in the field of metaverse research. The statistics on the number of published 
papers indicate that there are 66 authors who have published at least three papers. So we 
can conclude the amount of core authors is 66.

Knowledge base and research fronts

Category distribution of research

According to Shneider’s four-stage model, metaverse-related research is in its first stage. 
Therefore, an analysis of the category of disciplinary regarding the research literature is 
essential. In CiteSpace, clusters can be formed by a set of closely related documents and 
according to their interconnectivity. The label of clusters represents their nature, formed 
by choosing the most representative terms extracted from titles, abstracts, or keywords 
of the citing articles [30]. This facilitates the analysis of the clusters of disciplines to 
which the current basics of metaverse research belong, as shown in Fig.  5. As can be 
seen, current research related to the metaverse is spread across many disciplines, includ-
ing business, engineering, computer science, environmental safety, healthcare, materials 
science, and more. Of these, the medical and engineering fields are currently the newest 
categories of research with the red color.

Overlaying maps of the exerted and citation cluster dependency

The research programme or paradigm of a field of study can be characterised by its 
knowledge base and research frontiers. The knowledge base is the collection of scholarly 
works cited by the corresponding research community, while the research frontiers are 
inspired by the works of the knowledge base. Multiple research frontiers may emerge 

(1)N = 0.747(Nmax)
1/2

Table 3 Top 10 authors in terms of publications on metaverse research

No. Authors Publications Percentage (%)

1 Wang, Fei-Yue 13 1.41

2 Niyato Dusit 12 1.30

3 Deveci Muhammet 11 1.19

4 Dwivedi Yogesh K 10 1.09

5 Jamshidi Mohammad (Behdad) 10 1.09

6 Pamucar Dragan 8 0.87

7 Gokasar Ilgin 8 0.87

8 Kshetri Nir 7 0.76

9 Xiong Zehui 7 0.76

10 Kang Jiawen 7 0.76
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from a common knowledge base [18]. A dual-map overlay between the exerted and cited 
papers of the metaverse literature as shown in Fig. 6. And in Fig. 7, the dependencies 
between citation clusters can be seen.

A dual-map overlay of the literature on the metaverse presents the entire dataset 
within the context of a global science map, which is formed by over 10,000 journals 
indexed in the Web of Science [28]. The dual-map overlay shows that the knowledge 
base of metaverse papers focuses on the disciplines of computer science, economics, 

Fig. 5 Category clusters in metaverse research

Fig. 6 A dual-map overlay of the metaverse literature
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politics, and sociology, while the research frontiers of metaverse papers focus on the dis-
ciplines of mathematics, economics, psychology and education (Fig. 6).

The cluster analysis of the citations yielded a total of some major cluster clusters, 
which can be seen in Table 4. Cluster ID is the number of the cluster, the larger the clus-
ter size, the smaller the number. size represents the number of members contained in 
the cluster, Silhouette is a measure of the homogeneity of the members of the whole 
cluster, the larger the value, the higher the similarity of the members of the cluster. Mean 
year represents the average year of the literature. The silhouette values of each cluster 
are greater than 0.7, which indicates that these clusters are compelling for this study. 
Meanwhile, the dependency was set to the strongest as 75%, which enabled to obtain 

Fig. 7 Citation cluster dependency graph

Table 4 The characteristics summary of cited articles clusters

Cluster ID LLR Lable(s) Size Silhouette Mean Year

0 qoe enhancement 167 1 2002

1 artificial intelligence 158 0.721 2021

2 utaut2 150 0.918 2021

3 blockchain 145 0.794 2021

4 standardization 80 1 2009

5 building information modeling 59 0.921 2020

6 virtual teams 55 1 2006

7 platforms 43 0.923 2018

8 virtual tourism 41 0.975 2019

9 promotion 40 1 2005

12 machine learning 30 1 2020

13 rendering 28 0.969 2020

14 non-fungible token 24 0.971 2021

15 wavelet local multiple correlation 23 0.978 2022
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the citation cluster dependency graph (Fig. 7), where the darker colour of the clusters 
indicates an earlier emergence. From the citation clustering dependency analysis, it can 
be seen that the development of clusters #5 building information modeling, #8 virtual 
tourism, #13 rendering, and #14 non-fungible token were jointly influenced by #1 artifi-
cial intelligence and #2 utaut2. Cluster #2 was influenced by #15 wavelet local multiple 
correlation and it also influenced #7 platforms.

Leading co‑cited journals and articles analysis

Metaverse literature is drawn from various journals. The frequency of citations received 
by journals is a good way of assessing their influence and significance. An understanding 
of the distribution of core journals within the field is essential in forming a valid basis 
for a literature review. Co-citation analysis of journals enables the determination of the 
extent to which scientific publications within the study’s domain have been influenced 
by them. The diagram in Fig. 8 illustrates the co-cited journals. And The nodes of jour-
nals with purple circles in the figure indicate that this journal has a high potential for 
cross-border development.

This paper has analysed the top 10 journals based on their citation frequency, as pre-
sented in Table 5. These findings are significant for researchers in the Metaverse field as 
it enables them to identify the most influential research journals. Through analysing co-
cited journals, editors and authors can make informed decisions based on their research 
findings. This is advantageous for both the theoretical advancement and practical imple-
mentation of metaverse research.

What’s more, this paper lists the top 10 cited articles as shown in Table 6. These arti-
cles are an important foundation for metaiverse research. It can be seen that the current 
research in the highly cited literature focuses on a technical review of the metaverse and 
its development in the field of education.

Fig. 8 Citation cluster dependency graph



Page 13 of 23Li and Li  Journal of Big Data           (2024) 11:14  

Popular research topics and trends

Keyword co‑occurrence clustering analysis

In CiteSpace, a visual analysis of the keyword knowledge graph was performed on 
the retrieved documents. Firstly, the keywords are analysed for co-occurrence. In a 
co-occurrence network, the co-occurrence relationships between keywords are con-
nected by connecting lines, and the greater the width of the line the greater the co-
occurrence strength [29]. Keywords can summarise the research themes and contents 
of the literature in a concise manner. Keyword co-occurrence network analysis can 
reflect the development history and research hot topics of the relevant research fields, 
and can help researchers to quickly understand the dynamic evolution of each rel-
evant knowledge unit in the field. In this study, the literature related to the metaverse 
in the WoS database was imported into CiteSpace and visualised and analysed with 
keywords as node types to obtain a keyword co-occurrence network spectrum (Fig. 9).

Table 5 Top 10 leading journals in the metaverse literature

No. Journal name Frequency Centrality Publisher IF(2022)

1 IEEE ACCESS 342 0.24 Institute of Electrical and Electron-
ics Engineers Inc

3.9003

2 ARXIV 299 0.16 / /

3 Computers in Human Behavior 216 0.03 Elsevier 9.8996

4 International Journal of Informa-
tion Management

210 0.05 Elsevier 20.9994

5 Sustainability 198 0.01 MDPI (Basel, Switzerland) 3.9003

6 Lecture Notes in Computer Sci-
ence

190 0.16 springer 1.546

7 Applied Sciences-Basel 184 0.02 MDPI (Basel, Switzerland) 2.7001

8 Sensors 178 0.05 MDPI (Basel, Switzerland) 3.9003

9 Journal of Business Research 174 0.02 Elsevier 11.2997

10 ACM Computing Surveys 151 0.24 Association for Computing 
Machinery (ACM)

16.6009

Table 6 Top 10 cited articles

No. Author Title

1 Park SM (2022) A Metaverse: Taxonomy, Components, Applications, and Open Challenges

2 Mystakidis S (2022) Metaverse

3 Dwivedi YK (2022) Metaverse beyond the hype: Multidisciplinary perspectives on emerging challenges, 
opportunities, and agenda for research, practice and policy

4 Lee LH (2021) All One Needs to Know about Metaverse: A Complete Survey on Technological Singu-
larity, Virtual Ecosystem, and Research Agenda

5 Kye B (2021) Educational applications of metaverse: possibilities and limitations

6 Haihan Duan (2021) Metaverse for Social Good: A University Campus Prototype

7 Falchuk B (2018) The Social Metaverse: Battle for Privacy

8 Gursoy D (2022) The metaverse in the hospitality and tourism industry: An overview of current trends 
and future research directions

9 Xi NN (2023) The challenges of entering the metaverse: An experiment on the effect of extended 
reality on workload

10 Tlili A (2022) Is Metaverse in education a blessing or a curse: a combined content and bibliometric 
analysis
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Overall, the keyword co-occurrence network was very tightly structured, with the 
most frequent occurrence being "virtual reality" (213 times), followed by "augmented 
reality" (93 times), technology" (75 times), "artificial intelligence" (65 times), "model" (57 
times) and "extended reality" (45 times) (Table 7). Keywords with co-occurrence network 
centrality greater than 0.1 was “second life”. Keywords such as "system", "online", "chal-
lenges", "intention", "technology", "model", and "impact" were repetitive and covered top-
ics that were too broad to accurately determine the direction of research in related fields. 
However, the keywords "artificial intelligence", "extended reality", "mixed reality", "block 
chain" and "extended reality" identify hot spots for research on metaverse. In addition, 
the keywords"virtual reality", "augmented reality", "virtual worlds" and "digital twins" are 
the hot topics of research in this field.

Timeline visualization of keyword co‑occurrence clustering analysis

According to the dataset, 10 most active and popular clusters of the metaverse research 
are shown in Fig. 10. Each cluster illustrates a different domain of knowledge. The first 
cluster (#0 artificial intelligence) is the largest and most dominant cluster in our dataset. 
The second largest cluster is #1 data models, and so on. Table  8 summaries the main 
features of each cluster. The structural characteristics of the clusters can be easily under-
stood from the silhouette values of the clusters. The silhouette values of each cluster are 
greater than 0.7, which indicates that these clusters are compelling for this study.

In order to examine the historical growth patterns of clusters over time, a com-
bined timeline network visualisation of keyword clusters was implemented, as shown 
in Fig. 11. The network reflects the positive development of most clusters from 2020 
to 2023. The development and growth of other clusters may also increase over time. 
Timeline visualization contained 367 nodes and 1386 connected lines, and the cluster 

Fig. 9 Keyword co-occurrence network in the study of metaverse
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analysis revealed that the research focus of metaverse differed at different time stages. 
The value of Modularity Q (0.5915) was greater than 0.3, indicating that the com-
munity structure divided by this keyword clustering will be significant. The value of 
Silhouette S (0.7707) was greater than 0.7, indicating that this keyword clustering 

Table 7 Top 20 keywords in terms of frequency for metaverse research

No. Keywords Frequency Centrality

1 Virtual reality 213 0.01

2 Augmented reality 93 0.06

3 Technology 75 0.06

4 Artificial intelligence 65 0.02

5 Model 57 0.03

6 Extended reality 45 0.01

7 Impact 44 0.04

8 Internet 40 0.04

9 System 38 0.05

10 Challenges 37 0.01

11 Digital twin 37 0.01

12 Design 37 0.01

13 Virtual worlds 36 0.07

14 Blockchain 32 0.01

15 Mixed reality 30 0.07

16 Framework 28 0.04

17 Performance 28 0.03

18 Digital twins 27 0.01

19 Reality 27 0

20 Virtual reality 37 0.01

Fig.10 Keyword co-occurrence clustering analysis
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is efficient. As can be seen from Table  6, 10 clusters have been formed in the cur-
rent metaverse research literature. They are artificial intelligence, data models, ava-
tar identification, utaut2, second life, nonfungible tokens, collaboration, augmented 
reality, bibliometric analysis and sentiment analysis. The initial development of each 
metaverse hotspot cluster can be traced back to the period from 2008 to 2010. Among 
them, researches on artificial intelligence, data models and avatar identification are 
hot trends. The research on social presence and second life is utaut2 and collabora-
tion. The latest clustering to appear was nonfungible tokens, which was formed in 
2023 and is growing rapidly. The fastest progress has been in artificial intelligence. It 
can also be seen that since 2021, all kinds of research on the metaverse have devel-
oped rapidly, and there are new directions in the field of artificial intelligence, such as 
security and evolution.

Table 8 The characteristics summary of keywords clusters

Cluster ID LLR Lable(s) Size Silhouette Mean Year

0 Artificial intelligence 61 0.704 2022

1 Data models 57 0.749 2022

2 Avatar identification 54 0.761 2022

3 Utaut2 49 0.791 2019

4 Second life 30 0.886 2014

5 Nonfungible tokens 17 0.961 2023

6 Collaboration 16 0.978 2010

7 Augmented reality 13 0.891 2019

8 Bibliometric analysis 11 0.857 2022

9 Sentiment analysis 11 0.987 2021

Fig. 11 Timeline visualization of keyword co-occurrence clustering analysis
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Keyword burst analysis

A burst is a surge in the frequency of occurrence of a keyword. In the figure, the light 
blue line segment indicates that an article has not yet been published, and the dark blue 
line segment depicts when an article was published. The start of the red line segment 
marks the beginning of the burst cycle, while the end of the red line segment marks the 
end of the burst cycle. The burst analysis of keywords can help to reveal the trend of hot 
topics in related research fields, and the higher emergence intensity, the higher atten-
tion of the academic community. The top 20 keywords in terms of burst strength were 
obtained through burst keywords detection, as shown in Fig.  12, where “Year” is the 
year of the original publication, “Strength” is the emergent strength, “Begin” and “End” 
are the start and end times of the burst keywords, and the red line is the time period 
when the burst keywords are active, which means that the burst keywords receive a lot 
of attention from researchers in that time period.

Of all the citation burst words, the one with the highest intensity is virtual worlds, 
which first appeared in 2008 and ended in 2018. And second life with higher intensity 
appeared in 2009 and ended in 2018 either. Between 2018 and 2021, scholars began to 
discuss important technologies related to the metaverse, such as mixed reality, VR, envi-
ronments and experience. As the concept of the metaverse becomes more widely known 
in 2022, more keywords begin to appear from different fields, such as 5G, stream-
ing media, system, integration, and green. But most of these words are short-lived in a 
period of rapid development.

Conclusion
Conclusion and limitations

The metaverse is a virtual social form that is idealised and can be edited and recon-
structed independently by users [15]. It can ultimately coexist and interact with the real 

Fig. 12 Top 20 keywords with the strongest citation bursts on metaverse research
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world. It is related to blockchain, digital twins, artificial intelligence, and many other 
technologies. In this study, we used CiteSpace to visualize and analyze the literature 
related to metaverse in the WoS core collection database and analyzed the collaboration 
between countries, institutions and authors in this field. Based on the above analysis, the 
researchers made the following conclusions:

Firstly, it can be observed from an analysis of scientific publications that the metaverse 
has gradually become an extensive area of research over the last 20  years. Currently, 
the stages of research and development in the metaverse can be categorised into a slow 
development period (2005–2021) and a fast development period (2022-present).

Secondly, in terms of international cooperation network, China has the largest number 
of publications, but the degree of international cooperation is still lower than England, 
the USA and other countries. The country with the most international influence in this 
field is Ireland. In the analysis of the network of published institutions, the research net-
works with the Chinese Academy of Sciences and Nanyang Technological University as 
the cores have been formed. Of the top five authors with the most published papers, 
only one is Chinese. This indicates that the study of the metaverse by Chinese research 
institutions and Chinese authors needs to be strengthened. In addition, there are 66 core 
authors in the field of metaverse research, less than 1/3 of the total number of authors.

Thirdly, this paper explores the knowledge base and research fronts of metaverse. Cur-
rent research related to the metaverse is spread across many disciplines, including busi-
ness, engineering, computer science, environmental safety, healthcare, materials science, 
and more. Of these, the medical and engineering fields are currently the newest catego-
ries of research. The knowledge base of metaverse literature focuses on the disciplines 
of computer science, economics, politics, and sociology, while the research frontiers of 
metaverse papers focus on the disciplines of mathematics, economics, psychology and 
education. The publishers of the most cited journals for the relevant literature are mainly 
Elsevier and MDPI. And the current research in the highly cited literature focuses on 
technical and history reviews of the metaverse as well as its development in the field of 
education. Artificial Intelligence and utaut2 are the underlying clusters of cited literature 
in this research area.

Finally, this paper explores the recent research hotspots and frontiers of the last 
20  years based on an analysis of the evolution of topics in the field of knowledge. 
Through the scientific econometric analysis of keywords, it can be seen that virtual 
reality and artificial intelligence are the most popular research objects in the field of 
metaverse related research. The nonfungible token is the most recent and fastest grow-
ing research object in metaverse research. Generally speaking, research hotspots in the 
academic community mainly focus on virtual reality, augmented reality, mixed real-
ity, digital twins and artificial intelligence. In addition, as the concept of the metaverse 
becomes more widely known in 2022, more keywords begin to appear from different 
fields, such as 5G, streaming media, system, integration, and green. But most of these 
words are short-lived in a period of rapid development.

Several significant limitations require consideration in this investigation. The method-
ological approach has some limitations as it only utilizes the WOS database, potentially 
leading to the exclusion of essential sources from other databases, such as Dimen-
sions, Scopus, CORE, CiteSeerX and so on. Consequently, research findings related to 
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metaverses may have been overlooked. Moreover, the bibliometric analysis in this paper 
was conducted in Dec 2023. As the metaverse research is rapidly developing, it is pos-
sible that some of the latest research literature will not be included in the bibliographic 
database when this paper is published, which may result in the absence of cutting-edge 
literature. Furthermore, although this paper has taken some consideration of metaverse’s 
search keywords, the lack of an authoritative definition of metacomes at present means 
that the research presented in this paper may lack some essential keywords, leading to 
the absence of some relevant documentation. Moreover, it is important to note that 
analyzing bibliometrics has limitations in several aspects, such as research objectives, 
perspectives, and methods. Currently, there are no verification methods for the preci-
sion or reliability of bibliometrics analysis results. It affects the robustness and rigour 
of research outcomes to some extent. In the future, we will widen our database search 
to uncover more objective and verifiable bibliometric methods and tools so that we can 
enhance the results of this paper.

Future research prospects

The areas of scientific research that are most active tend to have the highest levels of 
uncertainty [31]. The evidence revealed in this study suggests that metaverse is a Stage 
I specialty according to Shneider’s four-stage model. Technological advancements in 
high-precision recognition models and deep learning-based naturally occurring models 
are contributing to the enhancement of the Metaverse through diverse factors such as 
mobile-based constant access and the utilization of virtual currencies to establish a con-
nection with reality. The integration of improved social interactions and neural network 
methodologies necessitates a novel characterisation of the Metaverse [9].

Although prolonged attention and study in recent years, the metaverse still offers vast 
potential for research. The metaverse’s study abounds in infinite possibilities and end-
less imagination. Despite the much existing literature, further research is necessary. This 
paper presents a new theoretical perspective for the study of the metaverse, based on 
the analysis of research hot topics and core evolutionary pathways, as well as related 
research articles and reviews. Currently, research on the metaverse encompasses three 
different ideas:

1. The cross-study of the metaverse with other fields. At present, combined research on 
the metaverse has emerged in various fields including education [32], entertainment 
[33], news [34], business [35], medicine [36], and other areas of study. Scholars have 
started to study the changes in the actual daily life of humans from the metaverse 
perspective. They have also explored ways and strategies to apply the concepts 
related to the metaverse to real-life situations. In the medical field [37, 38], medi-
cal professionals can use the metaverse to improve efficiency in diagnosis, education, 
and treatment. The interaction between medical staff and patients can be enhanced 
in the digital space [39]. The scope of emergency medicine in the virtual environ-
ment must be updated. Product marketing in the metaverse [40] alters consumer 
perception from a 2D product catalog to a 3D immersive virtual space. Such an 
environment better assists consumers in determining purchase factors and select-
ing well-designed products through digital advertising during the complete review 



Page 20 of 23Li and Li  Journal of Big Data           (2024) 11:14 

process [41]. People carry out various activities in real society, the core of social life. 
Researching other fields is vital to stimulate the creation of virtual individuals and 
communities in the current universe while addressing the division between virtual 
communities and real society. Virtual individuals and societies offer people concur-
rent and diverse identity validation and spatial–temporal experiences. Interdiscipli-
nary studies facilitate developing several spaces in the metaverse. With a change of 
identity by the physical body, avatar or otherwise, people better emotional engage-
ment and immersion [42, 43]. Simultaneously, research into the metaverse across 
various fields can also advance technological innovation in its practical applications. 
For instance, when safeguarding cultural inheritance [44], adopting the meta-ecology 
of cultural heritage as a research subject improves the likelihood of establishing a 
methodical process of building cultural heritage’s meta-ecology, which could lead to 
more effective solutions for things like tourism guidance, site maintenance, heritage 
protection, among others.

2. Research on related technologies and supporting infrastructure of the metaverse. 
The development of the metaverse is inseparable from the progress of science and 
technology. At present, technologies such as blockchain, mixed reality, holographic 
transmission, software engines, hardware products and more are flourishing. The 
fundamental basis of the metaverse is blockchain technology [45], which gives crea-
tors complete digital ownership of their content. With traceable features that ensure 
data can’t be tampered with, the mateverse creates a unique trusted mechanism. 
In August 2022, Canadian scientists successfully transmitted a person as a holo-
graphic image from Alabama to Ontario, marking the first international two-way 
holographic transmission. The immersive interactive virtual space, created using the 
virtual engine, allows users to move around highly intelligent virtual time and space 
freely, and adjust the space–time dimension and jump speed [46–48]. In January 
2022, Nvidia released Omniverse, a software that empowers artists and creators to 
generate mateverse virtual worlds for free. That same year, Zuckerberg unveiled four 
VR prototypes [49]. These technologies have had gradual advancements, primarily 
during the swift progression of research on the mateverse. It is apparent that sci-
entific research can accelerate the progress of technology. Additionally, the progress 
made in the related technology can provide feedback to the theoretical research on 
the mateverse, allowing for the exploration of new connotations and forms in the 
same. In the future, the leading-edge research on the mateverse will continue to 
move towards overcoming the technical limitations. These technologies could not 
only facilitate the mateverse’s entry into the real world more effectively but also 
enhance the quality of people’s lives. In the future, it is conceivable that there will be 
a new technological revolution, as the mateverse’s content and structure continue to 
evolve.

3. Research on the technology ethics and governance policy of the metaverse. The 
application area of metaverse is expanding, and related technologies are rapidly 
advancing. Numerous technical hazards and ethical risks may arise as a result. The 
metaverse will present challenges that question existing legal and moral norms. To 
address this, not only research on the academic level but also anticipatory prepara-
tion during product development is essential. The risks of political parties [50], eco-
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nomic fraud [51], loss of human subjectivity [52], excessive social entertainment [53] 
and technical safety problems [54] all demand attention. Furthermore, acceptable 
behaviours and privacy considerations require attention. There is a risk of disenfran-
chising those who lack access to the required infrastructure to enter the metaverse 
[5]. Scholars from around the globe have presented visionary ideas on regulating 
and governing metaverse applications in aspects like politics, economics, society, 
culture and technology [55]. Meta introduces the "Personal Boundary" feature, aim-
ing to prevent sexual harassment in the metaverse. In the past two years, concerned 
authorities in China have introduced management strategies for digital collection 
trading, metaverse investments, and digital copyright. Ben Falchuk envisaged a novel 
control layer in 2018 to boost privacy safeguards in the metaverse, where all ava-
tars possess similar capabilities and comply with the "rules of the game" [56]. From 
a future-oriented standpoint, Facebook research aims to use the peripheral nervous 
system and a brain-computer interface to input text. The ongoing advancements in 
brain-computer interfaces and Neuralink could manifest into a version that offers an 
encounter that is challenging to differentiate from veracity in the Metaverse [9]. In 
the future, there will be additional self-regulatory measures and technological stand-
ards for the multiverse industry. Hence, it is imperative to explore the mechanisms 
for regulating the development of the metaverse, guiding science and technology to 
create good, and promoting the autonomy of the metaverse industry through aca-
demic research

However, further research in metaverse also has certain limiting factors such as 
sustainability of metaverse users, hardware and software limitations and develop-
ment huddle[9]. Operating the metaverse within XR demands different and greater 
resources and expenditures compared to the physical reality. Meanwhile, the user’s 
learning expense for adapting to this new medium will also increase [57].
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