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1.INTRODUCTION

The concept of the Metaverse was first introduced in
Neal Stephensondés 1992 sci
envisioning a virtual realitybased extension of the Internet
that merges with reaborld experience [1]. The term

%10ckchai

[17]. Early definitions focusing on immersive 3D
interaction now evolve into broader understandings
involving 5G/6G,, 10T, cloud computingdigital twins,

nﬁ, Iar(fdt 'mige'a rga?lt)\/, e;fuppﬁg’rtpné) V\éecgré, a
interconnected virtuaphysical environment§l8]. Thus,

combines fmeta. owinehniimerhb the ()Metgveer?ee rrep}resennts a complex stedhnical
: ¢ %c}/nvel%ence, extending gbeyond entertainment into

to the universe [2]. Prior to the popularization of the
Metaverse, the Internet had already facilitated vast human
machine interactions, creating an intangible yet powerful
social structure. With the advancement of technologies
sweh as virtual reality, augmented reality, and sensors, this
structure evolved into what is now considered the
foundational layer of the next generation Internet [3]. Early
prototypes emerged in the gaming industry, notably with
Second Life in 2003, whichoenbined online gaming,
social networking, and digital commerce in a shared virtual
environment[4], despite criticism for its limited user
interface[5]. Roblox emphasized usgenerated content
and education through garbased learning experiences
[6], while Pokémon GO blended virtual and rearld
interaction resonating wi
immersive, gamified environments [2]. Parallel to these
developments, the emergence of blockchain technology
and virtual currencies introduced decelited systems
into digital interactior§7], starting with Bitcoin in 2009 and
followed by Ethereum and NeRungible Tokens (NFTSs),
which gained widespread attention in 2021 as unique
digital assetg[8]. Platforms like Decentrabnd further
exemplified the convergence of blockchain and virtual
worlds [9], while NFT trading data revealed that the
gaming sector dominates digital asset exchdgh@f The
release of stablecoifdl] and blockchain games such as
Axie Infinity illustrated the growing economic dimension
of the Metaverse, highlighting itsapacity to create real
financial value and new forms of employm@t11].

The COVID19 pandemic significantly accelerated the
evolution and integration of the Metaverse across industries

infrastructure, governance, and collective experience.

The Metaverse represents a transformative evolution in
human interaction, marked by three key developments.
First is the globalization of sensory stimulation, which
reflects an irreversible shift from singdensory mediums
such as books, music, and visasis to immersive, muki
sensory experiences enabled by the Metaverse. Second is
the convergence of cuttirgdge technologies, as the
Metaverse integrates extended reality, brain computer
interfaces, digital twins, blockchain, and Al to offer
immersive eperiences, redime content creation, and
interconnected socieconomic systems 1f]. This
technological synthesis enables seamless interaction
beltweed eirtual raadt réalmnd edviboamenmts, proneting n «
equal participation across user®]. Third is the
virtualization of daily life, intensified by the COVHR9
pandemic, which normalized remote engagement and
catalyzed the emergence of the Metaverse as an evolved
digital counterpart to the physical world, no longer merely
a supplement but parallel sphere ofcxial and economic
activity.

Driven by the convergence of technological innovation
and user demand for immersive experiences, the Metaverse
has emerged as a pivotal intersection of digital
transformation, signaling an inevitable trajectory in
technological evolution. While recent stesl have
explored specific domains
and the AMet aver4, eomprehensive u c
bibliometric analyses of the field as a whole remain limited.
This study addresses that gap by presenting a global

C

by reshaping social norms and technological engagementbibliometric analys of Metaverse research from 2012 to

patterns[12]. Entertainment and commercial operations
have emerged as the central focus of Metaverse
applications, with increasing investment from startups and
maj or tech corporations.
2021 marked a pivotal shift, signifying lotgrm
investment in immersive technologies, including its earlier
acquisition ofOculus[13]. Simultaneously, the Metaverse

began expanding into healthcare, education, and smart city

development. In healthcare, it enabled remote diagnosis,
rehabilitation, and surgical simulations, while also
enhancing training infrastructures through tactile and
immersive technologied f]. In education, institutions like
UC Berkeley adopted virtual platforms for academic
ceremonies and interactive learning, demonstrating the
Met averseds capacity to fo
[15). Urban developm& also embraced the Metaverse,
with cities like Seoul and Dubai launching initiatives to
provide digital public services and stimulate economic
growth [16] . Despite this rapid
architectural structure remains under debate, with models
ranging from layered frameworks to conceptual roadmaps
emphasizing user experience and technological integration

F%S\AEHAE)B&SC?Y rebranding

2021, examining key contributors including leading

authors, sources, institutions, and countries mapping
international collaborations through VQ&wer software.

t o Met

2.1 Data Collection

This study adopts bibliometric analysis to quantitatively
evaluate the development and structure of Metaverse
research. As a multidisciplinary field, the Metaverse
encompasses technologies such as virtual reality,
blockchain, and cloud computing{]. Therefore, keyword
selection was critical for capturing both core concepts and
related technologies. The process began with a manual
eyiew of faqundational squrces, inclyding,the [

% }r/1 éNrC h%ﬁe@a&%ngaig kley(?reﬁvievL\l?IOI aﬁt?glﬁ%(\@,g/egf&%’ f
as publicdons from leading institutions2p]. Keyword
clustering and trend analysis further identified high
freayegsy « 1gms, To enpue QH‘W%%”@'VF%E%S@?G'
accuracy, experts acrasdevant fields were consultéd, an
the keyword set was refined through iterative testing based
on their feedback.
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Through multiple iterations, the search expression was to 2021. These visualizations were generated at the global
refined to accurately reflect the research landscape oflevel as well as for specific countries including the United
Metaverserelated fields. The core keywords included States, China, and Germany. VOSviewer also facilitated
iMet aver se, 0 i Meica s min¢ v-@ r dit,@dalggsis Mk international collaboration through co
cosmum, 0 and dvi r tallyadbroaden v eautherehip detwdril dsudationsn
the scope of research, related technological areas Were; Lo Ts
incorporated, such as Extended Reality, Virtual Reality, =
Augmented Reality, Mixed Reality, Digital Twins, 3.1 Publication and Trend
Blockchain, 5G/6G Networks, Intelligent Networks, w000 w000
Internet of Things, Cloud @nputing, Edge Computing, 4500
Virtual Human, Digital Human, 3D Modeling, Game
Engine, Computer Vision, Computer Graphics, User
Generated Content, Helmet Mounted Display, Brain
Computer Interface, and Ndrungible Token (NFT).
Overall, the Metaverse's core supporting technologies were
categorized into physical space, virtual space, viteal

interaction, and virtuateal generic technologie2]]. 0 0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

It was established that both the number of papers and YEAR
citations by countries, as well as across various fields, were conference paper  emmmarticle
significantly high in the Scopus databases, with Scopus
demonstrating broader journal coverage across all fields.
Consequently, the Elsevi&copus database was selected  |n Fig. 1 shows a total of 45,178 scientific documents
for this study, covering the period from 2012 to 2021 to related to the Metaverse were identified in Scopus, over
track the key developments in Metaverstated research  60% of which were conference papers, from 2012 to 2021.
over the past decade. The choice of starting in 2012 wasThis reflects the importance of conferences in
driven by the release of the first NFJoins, markingan disseminating Metaverse research. Publibica volume
economic connection between the Metaverse and the realgrew steadily, from 2,528 in 2012 to over 7,000 in 2021,
world, which spurred greater integration between them. despite slight dips in 2022021 likely due to pandemic
NFTs have allowed the Metaverse to expand its social disruptionsThe growth in publication output likely reflects
dimensions, including fashion, activities, gaming, a combinati on of research
education, and more, differentiatindribm earlier concepts increasing soctal demand, driven especially by advances
of the Metaverse. A triangular search approach (title, in Al, cloud computing, and related technologido
abstract, keywords) was used to identify the central focus highlight the main contributors in this field over the past
of Metaverse research . The search was restricted to articlegiecade, the top 10 most productive authors, publication
and conference papers published by December 31, 2021sources, and institutions were identified from the Scopus
yielding 45,178 scientific documents from the Scopus database (see Table 1), withblication counts over the 10
database, which included data on publication year, authors,year period noted in parenthes&se leading contributor
affiliations, titles, abstracts, journals, subject categories, was Billinghurst M. (University of South Australia), known
and references. For simplicity, we will refer to Metaverse for his work on AR and wearable display], followed
related research as "Meafterse". by Steinike F. (Universitadt Hamburg) and Latoschik M.E.
2.2 Tool (JuIiusMaximiIiansUniversitét _WUrzburg) 45. The

Lecture Notes in Computer Scienseries led Metaverse

This study applied both performance analysis and research publications from 2012 to 2021 with over 3,000
science mapping, which are the two main approaches inpapers, followed by key conferences such as the ACM
bibliometric research. Performance analysis focuses onlinternational Conference and CHI. The most cited paper
evaluating the contributions of key scientific actors such as introduced a deep learning framework for tiseties
authors, institutions, and countrjeshile science mapping  classification £6]. Top contributing institutions included
explores the structural and temporal development of the Chinese Academy of Sciences and CNRS, with major
knowledge within a research fieBibliometric mapping in universities from China, thdS, Germany, and Japan also
this context involves both constructing bibliometric among the leading contributors.
networks and visually representing these netwd [
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Figure 1. Publications relating to the Metaverse.

Table 1. Top 10 publication authors ardstitution contributors

The VOSviewer, a software program designed for
building and visualizing bibliometric networks. It offers  Author Source Title Institution
various forms of visualization including network, overlay,
and density maps, and it is capable of processing large Billinghurst, Lecture Notes In Chinese Academy o

bibliographic datasets. VOSviewer ass clustering M. Computer Science Sciences
techniques to group related publications and provides _

analytical insights based on these clustérsthis study, Steinicke. F éC'\g International  ~ . National de Iz
VOSviewer was employed to create network visualizations >t€Nnic«e, k. Lonterence Recherche Scientifique

of keyword ceoccurrence in Metaverse research from 2012 Proceeding Series
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