Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 June 2023 d0i:10.20944/preprints202306.0510.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Exploring the Key Characteristics and Theoretical
Framework for Research on the Metaverse

Chuanxiang Song !, Seong-Yoon Shin 2" and Kwang-Seong Shin 3"

1 School of Computer Information & Communication Engineering, Kunsan National University, Gunsan
54150, Korea

2 School of Computer Information & Communication Engineering, Kunsan National University, Gunsan
54150, Korea

3 Department of Digital Contents Engineering, Wonkwang University, Iksan 54538, Korea

* Correspondence: s3397220@kunsan.ac.kr (S.-Y.S.); Tel.: +82-63-469-4860 (S.-Y.S.); waver0920@wku.ac.kr (K.-
S.S.); Tel.: +82-63-850-7270(K.-S.S.)

Abstract: This study delves into the essential characteristics of the Metaverse and its impact on the
real world. The Metaverse, a parallel universe composed of countless 3D virtual worlds, has become
a hot topic in technology. With the development of advanced technologies such as Virtual Reality
(VR), Augmented Reality (AR), blockchain, and Artificial Intelligence, the Metaverse is gradually
changing people's lifestyles and work methods, expanding the boundaries of the digital economy.
This study profoundly investigates the attributes of the Metaverse, such as asset digitization,
application scenario-based, scope economy, industry universality, integrated innovation, and the
platform ecosystem. Additionally, we propose a theoretical framework to aid in understanding and
shaping this emerging field. We conducted a thorough study and analysis of a specific case,
explored the key features of the Metaverse, unveiled the profound impact of Metaverse
characteristics on social and economic development, and verified our theoretical framework with
this case. This research provides new perspectives and methods for academic studies and offers
robust support and guidance for practical applications and decision-making.
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1. Introduction

1.1. Background and Importance of the Topic

In the wake of advanced technologies such as Virtual Reality (VR), Augmented Reality (AR),
blockchain, and Artificial Intelligence, the Metaverse has emerged as a prominent subject in
technology [1]. The Metaverse can be construed as a parallel universe, constituted by innumerable
3D virtual worlds; these virtual realities are an amalgamation of diverse online interactive
experiences and assets. Users can engage with others through avatars, partake in various activities,
and even possess and trade virtual items and land within the Metaverse [2].

This novel form of internet application is gradually transforming how people live and work,
expanding the horizons of the digital economy and profoundly influencing the real world. Against
this backdrop, the essential attributes of the Metaverse and the theoretical framework for its research
have become indispensable tools for understanding and shaping this burgeoning field [3].

The digitization of assets in the Metaverse, scenario-based applications, scope economics,
industry universality, integrative innovation, and platform ecosystem hold far-reaching implications
for promoting social and economic development, advancing the restructuring of industrial setups,
and enhancing the quality of public life. A comprehensive and deep exploration of these
characteristics is of great significance for comprehending the value of the Metaverse, optimizing its
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development, and propelling the sustainable and healthy evolution of industries associated with the
Metaverse [4].

Thus, a profound investigation of the critical features of the Metaverse and the establishment of
a theoretical framework provides not only fresh perspectives and methods for academic research but
also offer robust support and guidance for practical applications and decision-making processes. This
holds substantial theoretical and functional worth. All these factors underscore the criticality and
urgency of this research topic [4].

1.2. Research Objectives

This research aims to establish a comprehensive theoretical framework for Metaverse research
and delve deep into its essential characteristics. Specifically, the primary goals of this study are as
follows:

1)Unveil and interpret the key features of the Metaverse, including asset digitization, application
scenario-based, scope economics, industry universality, integrated innovation, and the platform
ecosystem. This will provide a scientific theoretical foundation for understanding and applying the
Metaverse.

2)Construct a theoretical framework for Metaverse research, utilizing rules of governance by
law, rules of blending virtual with reality, and rules of technological associations. This will offer
powerful tools and directions for further Metaverse research.

3)Validate this theoretical framework's applicability and explanatory power through case
analysis of the Metaverse, providing valuable references for further development.

The objectives of this study are not only to deepen the understanding of the Metaverse but also
to provide full support for the formulation and practice of related policies through the analysis of
crucial Metaverse characteristics and the construction of a theoretical framework, thereby promoting
the healthy development of the Metaverse industry.

1.3. Metaverse Concept Overview

The Metaverse is a virtual, parallel universe composed of countless digitized spaces. It comprises
various online interactive experiences and digitized assets, providing new social and economic
freedom of infinite possibilities. Within the Metaverse, users can interact with others through virtual
avatars, participate in various activities, and even own and trade virtual goods and lands [2].

The emergence of the Metaverse is primarily attributed to the rapid development and broad
application of cutting-edge technologies such as Virtual Reality (VR), Augmented Reality (AR),
Artificial Intelligence (Al), and Blockchain. These technologies have provided technical support and
possibilities for constructing the Metaverse, enabling its application in various scenarios and fields
[5].

Key features of the Metaverse mainly include asset digitization, application scenario-based,
scope economics, industry universality, integrated innovation, and the platform ecosystem. Asset
digitization allows everything in the Metaverse to be digitized and has unique ownership [6].
Application scenario-based enables the Metaverse to be applied to various scenarios, such as
entertainment, education, shopping, etc [7]. Scope economics implies that the Metaverse can provide
users infinite possibilities and opportunities [8]. Industry universality allows the Metaverse to be
applied across various industries. Integrated innovation is reflected in the Metaverse's ability to
merge multiple technologies and innovations, pushing the development of the Metaverse [9]. The
platform ecosystem feature manifests as the Metaverse's ability to form a global, shared,
decentralized digital ecosystem [10].

To better understand and research the Metaverse, this study proposes a theoretical framework
for Metaverse research, including rules of governance by law, rules of blending virtual with reality,
and rules of technological associations. This theoretical framework will help us fully understand the
characteristics of the Metaverse, guide the development of the Metaverse, and provide academic
support for related decision-making.
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1.4. Brief Layout of the Paper

The structure and layout of this research paper are well-ordered, allowing readers to understand
better the theoretical framework of the Metaverse and its essential characteristics. The organization
of the article is as follows:

We introduce in detail the key characteristics of the Metaverse, including asset digitization,
application scenario-based, scope economics, industry universality, integrated innovation, and the
platform ecosystem. These characteristics provide a foundation for understanding the value and
potential of the Metaverse. We construct a theoretical framework for Metaverse research, mainly
including rules of governance by law, rules of blending virtual with reality, and rules of technological
associations. This part provides powerful tools and directions for further Metaverse research. We
utilize empirical research methods to conduct a case study of the Metaverse to verify the applicability
and explanatory power of the theoretical framework proposed in this study. Finally, in the conclusion
section, we summarize this research and provide a forward-looking perspective on the future
development of the Metaverse.

The entire paper aims to deepen the understanding of the Metaverse while simultaneously
providing strong support for the formulation and implementation of related policies through the
analysis of the critical characteristics of the Metaverse and the construction of the theoretical
framework.

2. Literature Review

2.1. Existing Metaverse Theories and Models

The concept of the Metaverse originated from science fiction works, first proposed in Neal
Stephenson's 1992 work "Snow Crash" [11]. With the development of technology, this concept has
been widely used and developed in the technology field. Academic research mainly focuses on the
definition, structure, applications, and impacts of the Metaverse and social, economic, and legal
issues.

Regarding Metaverse theories, mainstream views consider the Metaverse as an online world
containing both real and virtual elements, where people can freely enter and continue their real-life
experiences and activities in the virtual world, such as communication, work, and entertainment.
Regarding Metaverse models, some studies view the Metaverse as an open, decentralized, self-
adjusting ecosystem centered on user-generated content and interactions [12].

Although the definition and theories of the Metaverse have been widely discussed and
researched, there are still many challenges and issues in applying these theories into practice, mainly
how to build the Metaverse in the real world [13]. This requires us to find a balance between theory
and practice to understand better and construct the Metaverse.

2.2. Key Characteristics Defined in Previous Studies

In previous studies, scholars have identified some key features of the Metaverse, including asset
digitization, application scenario-based, scope economics, industry universality, integrated
innovation, and the platform ecosystem.

Regarding asset digitization, researchers believe that the Metaverse can digitize assets and
resources in the real world through digital technologies, allowing them to be stored, managed, and
traded in virtual spaces. Regarding application scenarios, the Metaverse provides a wide range of
designs for users, meeting their needs in fields such as education, work, and entertainment [14].

Scope economics refers to the Metaverse expanding its economic scale and improving efficiency
through network effects and data sharing. Industry universality means that the concepts and
technologies of the Metaverse can be applied to various industries, such as games, movies, education,
and healthcare [15]. Integrated innovation refers to the Metaverse integrating multiple technologies
and resources, providing new opportunities for innovation and entrepreneurship. The platform
ecosystem refers to the Metaverse being able to establish an open platform, attracting various
participants to create and share value [8].
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2.3. Deficiencies in Existing Research

Although research on the Metaverse has made some progress, some significant research areas
remain for improvement. Although we already know some key features of the Metaverse, our
understanding of how to achieve these features still needs to be improved. For example, how do we
create an environment for user-generated content? How do we build an effective platform ecosystem?
How do we digitize assets through the Metaverse [2]? In-depth research on these questions will help
us understand and make the Metaverse.

Most existing Metaverse research starts from a technical perspective, while research on social,
economic, and legal issues is relatively limited. For instance, the emergence of the Metaverse will
significantly impact social structure, economic patterns, and laws and regulations[14]. However,
our understanding of these impacts still needs to be improved. Research on these issues will provide
theoretical and practical guidance for our behavior and decision-making in the Metaverse.

Although some studies have proposed models and theories of the Metaverse, there needs to be
more empirical research and case analysis of the Metaverse. This means that our understanding and
knowledge of the Metaverse mainly rely on theories and assumptions, needing more evidence and
experience. Therefore, we need more empirical research and case analysis to verify and develop the
ideas and models of the Metaverse.

Through this paper, we hope to supplement further and develop the above research
shortcomings to deepen our understanding and knowledge of the Metaverse.

3. Key Characteristics of the Metaverse

With the continuous progress and continuous innovation of digital technology, the Metaverse
has developed into a network collection with multiple attributes such as deep immersion, high
collaboration, multidimensional interaction, and open creation, which has both the general
characteristics of digital technology development and the unique features rooted in virtual reality. In
this regard, this paper summarizes the main characteristics of the Metaverse into the following six
aspects.

3.1. Digitalization of Assets

Essentially, digital assets are a binary form of data ownership, a new type of intangible asset
different from the traditional virtual property such as game equipment [6]. It includes digital assets
obtained by digitizing tangible assets and digital assets obtained by users creating productive
activities in the Metaverse. Both converted digital assets and digital assets acquired through creation
in the Metaverse correspond to the real world's value and use of assets. The development of the
Metaverse requires a digital financial system that is compatible with it, and the digitization of assets
is a necessary condition for the construction of the digital financial system of the Metaverse. With the
maturity of the metaverse economic system and its integration with various fields of real society,
digital assets not only play a fundamental role in supporting the development and growth of the
Metaverse but also play an essential role in bridging the deep integration of the digital economy and
the real economy.

3.2. Application Scenario-based

Scenario-based means that Metaverse provides differentiated scenario experiences according to
users' needs [16]. Compared with the traditional economy, the digital economy pays excellent
attention to the construction and innovation of scenarios. Due to the integration of visual, spatial, and
experiential factors, the progress of the Metaverse has enriched the form and connotation of
application scenarios. To some extent, scalarization is an essential endogenous driving force for
developing the Metaverse. Specifically, the application scalarization of Metaverse is mainly
manifested in the following three aspects.
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3.2.1. Upgrading of Traditional Application Scenarios

Metaverse further stimulates scene innovation and releases scene potential through the fusion
of virtual and reality, vigorously promotes the reconstruction and upgrading of traditional
application scenes, and brings online and offline to a more realistic integration [17].

3.2.2. Multi-party Co-creation of Scene Ecology

The metaverse scene ecology is not created by a user or company alone but by all participants
[18].

3.2.3. Broader scene connectivity

The metaverse scene connection mainly includes two elements: the interconnection,
interoperability, and interaction between the virtual world and the natural world; on the other hand,
the Metaverse, as a collection of infinite scenes, must realize the connection between different
application scenes inside [19].

3.3. Scope Economical

Economies of scope refer to the fact that as the application of the Metaverse expands, its
economic system shows the typical incremental effect of scope payoffs. At this stage, the world is
beginning to develop fully in the digital economy era, and economies of scope replace economies of
scale as the dominant logic of industrial organization. The Metaverse, as a new digital economy based
on the integration of virtual and reality, also follows this rule. While the conditions for realizing the
traditional scope economy are based on the relevance of different products, the realization of the
metaverse scope economy is mainly based on many valuable resources in virtual reality scenarios
[20,21,22]. Based on the advantages in user resources and the advantages of scenes running through
virtual and reality, Metaverse has dramatically expanded the types and locations of immersive
experiences, which can meet the common experience needs of most users and the personalized
experience needs of a few users [23].

3.4. Industry Universality

General adaptability means that the Metaverse usually applies to various industries, and most
enterprises will access and apply metaverse scenarios in the future. On the one hand, from the
composition of the technology collection of the Metaverse, since many of its technologies, such as
artificial intelligence, big data, and cloud computing, are general technologies, the Metaverse has
inherent technological generality and can achieve broad penetration into other industrial sectors and
promote the technological progress of related industries. On the other hand, from the development
direction of Metaverse, only widely used in different fields to achieve the symbiotic development of
various sectors can enrich its own development space and release the potential of technological
improvement to promote the overall economic and social benefits [24].

3.5. Integrated Innovation

Convergent innovation is a non-linear innovation achieved through a system integration
strategy, i.e., a broad and lasting innovation effect in a metaverse and integrating different domains.
From an economic perspective, the Metaverse has an energy supply mechanism that promotes the
integration of the natural world with the virtual world, breaking the boundary between the digital
economy and the real economy, and promoting the integration of the two economic forms, resulting
in a series of technological innovation, model innovation, and industrial innovation. From the
perspective of resources, the Metaverse has a large number of digital resources such as data resources,
visual resources, scene resources, etc. The development of the Metaverse creates new opportunities
for the integration of digital resources and physical resources. It promotes the superposition and
synergistic innovation of the advantages of different resource combinations [25,26,27].
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3.6. Platform Ecosystem

As a programmable new infrastructure, the platform is a basic industrial organization form in
the era of the digital economy. The platform ecology of Metaverse is to use Metaverse as a platform
to form a new digital ecology. Metaverse is a new platform with the significance of network gathering
and digital ecology and a new carrier for value creation. On the one hand, Metaverse can effectively
break time, space, and regional restrictions, carry out real-time large-scale supply and demand
matching activities, and promote more efficient allocation and integration of factor resources. On the
other hand, with the support of open source and blockchain technology, the metaverse platform has
the characteristics of a digital ecosystem, such as co-creation and symbiosis, which can promote the
formation of a new industrial ecosystem of collaborative co-creation of multiple subjects in different
fields [28,29,30].

4. Theoretical Framework for Metaverse Research

Any field of practice needs theoretical guidance, and metaverse research cannot be a unique
field without theoretical rules. For a more visual representation, this paper first presents the
architecture of an argument system. This system combines theoretical rules and application areas, as
depicted in Figure 1. Since the Metaverse is developing innovatively and it is still early for academics
to establish a theory for it, this paper proposes the following suggested rules in the hope that the
Metaverse will be gradually improved in future development.
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N Medical Finance
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~ Technical h
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Figure 1. Metaverse theory rules and application field architecture

4.1. Rules of Law-based Governance

The Metaverse is a universe of freedom. Freedom is also the most prominent, perfect, and
highest goal of human beings. In the real world, freedom is the freedom of people to have their
person, behavior, and property within the limits of the law. Whether in the reality of the Metaverse
or the virtuality of the Metaverse, the subject of activity is human, and human behavior needs to
conform to the requirements of consensus rules. The values shared by human beings are the basic
rules that guarantee the freedom of the Metaverse [14]. In the Metaverse, the behavior of the active
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subjects in terms of artificial intelligence, data, privacy, and security should comply with the essential
spirit of the law and be created and developed by the law. The development of the Metaverse is still
in the realm of absolute governmental domination. Of course, in making the Metaverse, the active
subjects will gradually form consensus, rules, and terms mutually recognized by each other. Whether
these rules will become the rules of the whole Metaverse in the future depends on whether they align
with the shared values of human beings.

The law of the Metaverse is the rules of action of the Metaverse. Any action in the Metaverse is
ultimately the action of the natural person, and the natural person must bear all legal consequences.
If an activity that occurs in the virtual world of the Metaverse does not affect the real world, then it
exists only in the virtual world [24]. Due to blockchain technology's immutability, traceability, and
public transparency, all relevant infringements can be resolved by the code in the Metaverse. If it
impacts the real world, it is necessarily regulated by real-world laws consistent with shared human
values.

It is believed that decentralized blockchains are unregulated and do not rely on intermediaries.
That laws have nothing to do with a blockchain-based metaverse, which could be chaotic. In fact, not
only will the Metaverse be monitored, but the Metaverse blockchain technology itself can be used for
surveillance [31].

The Metaverse based on blockchain technology will be a new, integrated, beautiful world based
on the industrial revolutions of steam engines, electricity, and the Internet. It not only stimulates a
wealth of technological and commercial innovations but also triggers changes in how humans behave
in political, economic, and legal aspects. It has led to significant innovations in productivity-
enhancing technologies because it has penetrated the rule system deeply, bringing about a
reconfiguration of the rules and legal system and a better world norm for humanity [32,33,34].

In the Metaverse, blockchain can be incarnated as an effective mechanism for the operation of
the law, thus bringing about a revolutionary increase in the effectiveness and efficiency of law
enforcement [35]. One uses code to express existing law, i.e., code as law. At this level, code is a tool
for communicating, interpreting, transforming, and enforcing fundamental law, thus significantly
improving legal efficiency. In the Metaverse, various technological tools can be used to collect and
analyze data, automate law enforcement, and automatically implement regulatory measures to
improve regulatory efficiency. Another is that code itself is law, i.e., code is law. The development of
the Metaverse will generate a series of new situations and problems, and many phenomena may not
have relevant legal regulations in reality; in these cases, code directly becomes the most authoritative
rule of action, replacing law as the practical norm of Metaverse. This is inseparable from blockchain
technology. Due to the decentralized nature of blockchain, decentralized government agencies are
realized through blockchain, and agreements are made and executed directly between subjects.
Through metaverse blockchain technology, it is possible to establish a system of rules agreed upon
by all parties and create smart contracts executed by blockchain-based protocols. There is no need for
these systems to construct a mandatory legal order in the traditional sense and to achieve a perfect
result that satisfies all parties through individual consensus or individual regulatory mechanisms [5].

In the Metaverse, Web 3.0 and blockchain will control an increasing number of connected
machine devices, using intelligent contracts to define how these devices connected to the Internet
work. Each node on the blockchain coordinates with each other, including layers of coordinators and
people, people and machines, and machines and machines. The Metaverse will reach into every
aspect of human activity and build a whole new world. Tools and services written by software
developers based on people's needs can coordinate the entire Metaverse of political, economic,
technological, educational, cultural, and other activities [6].

The metaverse cryptographic rule system differs from the traditional web-centric, code-based
one. The centralized online services of the conventional web are intermediaries or services provided
using the support of other intermediaries such as large cloud computing service providers, search
engines, payment service providers, domain name registration service providers, social networks,
etc. These centralized agencies enforce not only the law but also the regulations that the centralized
agency makes itself [24]. They are easily identifiable, are located in a specific governmental
jurisdiction, and are central nodes of governmental management control of the same centralized
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agency. The governance of modern societies is largely controlled by various centralized institutions
and bureaucracies that regulate organizations through laws and hierarchies. Instead of relying on
that system and rules, metaverse applications based on blockchain technology must carry out
activities through metaverse consensus rules and consensus mechanisms such as cryptography.

In the construction of the Metaverse, as blockchain technology advances and matures, the
transition of power is accelerated from laws made by governments to code rules and protocols based
on software protocol code dictated by decentralized blockchain networks and the decisions that come
to control how these systems work [31]. The various methods of the Metaverse based on blockchain
technology can increasingly build autonomies and techniques different from customary laws but
ultimately controlled by real people. Unlike government in the conventional sense of consensus
building, it remains not only one of the mechanisms for the maintenance of shared human values but
also the judge and punisher of violations, primarily criminal offenses. Even if blockchain truly
achieves extensive disintermediation, the shared human values, the spirit of the law, the laws of
people's consensus, customs and traditions, and public order and morality will still be the norms that
effectively maintain social order.

4.2. Virtual-real Combination Rules

The focus of the Metaverse is not only to build virtual worlds but also to build digital spaces that
combine virtual and reality. Essentially, the metaverse design originates from the need for interaction
between the actual real world and the virtual digital world, and the rule of combining the virtual and
the real is essential. According to this rule, only real-world universes are not Metaverse, only virtual-
world universes are not Metaverse, and only universes where real and virtual worlds coexist and
interact will soon be judged as Metaverse. Therefore, this rule becomes the basis for determining
whether a universe is a metaverse. This rule also defines the essence of the Metaverse, an ontological
law [36].

Metaverse is an Internet form with the collection of Internet technology, information technology,
and digital technology, and it is also an application form with the integration of network and
computing technology, Internet of Things technology, blockchain technology, artificial intelligence
technology, virtual simulation technology, and interactive experience technology [12]. Each of the
above techniques is permeated with a combination of natural and virtual elements. Among them,
network and computing technologies can achieve high speed of network transmission and increased
computing power of network computing, realizing the need for a large number of users in reality to
be online at the same time and to access the Internet scenario as they wish, at any time and quickly
and to be able to provide more accurate network algorithms for the real-world participants in the
Internet; Internet of things technology can realize the mutual construction and link between real
space and virtual space, providing intelligent identification, positioning, tracking, supervision and
other roles and guarantees for commercial activities; Blockchain technology, based on its advantages
of decentralization, traceability, and smart contracts, enables the security and efficiency of
transactional activities in interconnected networks; Artificial intelligence technologies not only allow
human-like virtual spaces and scenarios, but also provide real-world simulations of trading activities,
extend human intelligence, and thus accurately match the relevant needs of trading subjects; Virtual
simulation technology can virtualize physical space scenes into cyberspace, which can be simulated
according to the behavior and needs of cyberspace, weakening the disadvantages of virtuality.
Interaction technology enables the connection and interaction between the natural world and the
online world and the relationship between humans and machines.

The convergence and interweaving of these metaverse technologies, which even produce
superposition and qualitative changes, can map various behaviors, information, and objects from the
physical world to the cyber world and simulate scenes and activities from the cyber world to the
physical world. It also enables the connection and interaction between various activities in the cyber
world and the physical world. For example, cross-border e-commerce relies on the Internet to link
and interact with information, goods, and activities in the physical and virtual worlds through a
network platform, which makes the value chain of cross-border e-commerce activities longer, the


https://doi.org/10.20944/preprints202306.0510.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 June 2023 d0i:10.20944/preprints202306.0510.v1

network of activities more extensive, the related subjects more numerous and the environment more
complex, and is influenced by the network environment and technology, generating more and more
complex risks and problems with a deeper degree of impact. Therefore, the Metaverse applies to
cross-border e-commerce activities, and it is technically feasible to fuse the virtual metaverse space
with the practical activities of cross-border e-commerce. The Metaverse is based on the real world for
virtual simulation and can realistically map the real world by constructing virtual worlds and
scenarios. This feature can be effectively applied to various realistic fields [37,38].

4.3. Technical association rules

The Metaverse depends heavily on technology and results from technological traction and
guidance. Various technologies have a role to play in the construction and construction of the
Metaverse, but these technologies must be correlated. The significance of the correlation is that not
only are the technologies rooted in the Internet, but these technologies are interrelated with each
other. Neither individual technologies nor technologies that are unrelated to existing metaverse
technologies can be metaverse technologies [39].

There are apparent differences between metaverse technologies and existing application
technologies. Under the constraints of the former rule, metaverse technologies are, first of all,
technologies that connect subjects of the physical world and objects of the virtual world [40]. These
technologies should also collaborate with each other around metaverse applications, i.e.,
interconnections, such as VR/AR headsets, smart glasses, bright clothing, skin sensors, brain-
computer interfaces, and other wearable devices.

Technical development paths include replica reality, metaphysical reality, and augmented
reality regarding crucial metaverse technologies. However, due to the highly dynamic nature of
technological development, metaverse technologies still need to be finalized. Jon Radoff, the founder
of Eatable, has proposed a seven-layer structure of metaverse technologies: infrastructure, human-
computer interaction, decentralization, spatial computing, creator economy, discovery, and
experience. Web 3.0 advocates advocate blockchain and IoT-based technology architectures [6]. This
paper summarizes the proposed four-layer architecture model from a practical perspective, as shown
in Figure 2.
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Figure 2. Metaverse technology four-layer architecture diagram

The first layer is the underlying facilities. It includes computing devices, the Internet, and
sensors, i.e.,, hardware, computing power, and communication infrastructure. Together, the three
build a metaverse space with a public nature that enables interaction.

The second layer is the interactive link—for example, decentralized blockchain technology and
various alternative technologies that may be developed in the future. The function of this layer is to
enhance multiple "links" in the infrastructure so that the Internet of Everything is genuinely
indispensable and constitutes a veritable Internet of Things.

The third layer is the human-machine interface. The primary function of this layer is to realize
human-machine interaction, including smart glasses or helmets with AR or VR technology, miniature
biosensors integrated into the skin, and even brain-machine interfaces, which intelligent wearable
devices can realize. Interaction devices are currently the most competitive area at the end of
metaverse products and will largely determine the future technology direction of the Metaverse.

The fourth layer is the interactive experience. This layer is embodied in user-operated platforms,
including integrated tools, discovery software, social networks, digital currencies, digital assets, etc.,
which allow each person to autonomously exercise their talents as creative individuals and create
their own metaverse life [41]. In addition, the new interpersonal relationship between the virtual and
the real that is about to develop in the metaverse society is also the dynamic layer with the most
significant technological variables and uncertainty. Many new governance issues deserve to be
studied in depth by the academic community [42].

The overall characteristic of metaverse technology is interconnectedness, and the
interconnection of everything is truly realized in the Metaverse. The contribution of technology to
the Metaverse is crucial, and it is an epistemological principle that related metaverse technologies
provide the means and methods for immersion in the Metaverse [2].
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5. Case Study

5.1. Detailed Case Description

To gain in-depth insight into the practical applications and implications of the Metaverse, we
have chosen a popular Metaverse platform known as "The Sandbox" as a case study. "The Sandbox,"
developed by Animoca Brands and first launched in 2012, is a game primarily based on Ethereum
blockchain technology. Over the past few years, The Sandbox has evolved into an entirely user-
generated virtual world, enabling users to create, own, and monetize their creations within the game
world.

Centered around user-generated content, "The Sandbox" offers an open, decentralized
ecosystem. Users can create and upload their game assets to the marketplace using a 3D modeling
tool called VoxEdit. The platform leverages blockchain technology for asset digitization, meaning
each game asset is unique, and ownership is traceable. Virtual items and land users' purchases can
be traded within the platform, with all transaction records stored on the blockchain to ensure
transparency and security.

"The Sandbox" provides a rich world that users can explore, interact, and create according to
their preferences and needs. Users can create personalized virtual characters and participate in games
and community activities. Game developers and artists can share their works on this platform and
profit from them. The following is a typical scenario of this platform, as shown in Figure 3.

‘ SANDBOR:
L

S
-

~~

Figure 3. A classic scene of a sandbox metaverse platform

In the evolution of the Metaverse, "The Sandbox" plays a significant role. As a new form of the
digital economy, it provides users with a unique immersive interactive experience while offering new
opportunities for community building and digital innovation. The table below depicts the scale of the
platform, as shown in Table 1.The success of "The Sandbox" reveals the active application of key
Metaverse features, providing a robust case for our understanding and shaping of the Metaverse.
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Table 1. The operational scale of the sandbox platform

2012-2018 2019-2020 2021-2022
The blockchain game  Ranked 13th as the The Sandbox franchise
Through successful IP, a large community has with the highest "Best Blockchain version has been
been created number of Game Company of downloaded by 40 million
participants in 2019 2020." players

The latest version, "Sandbox
Evolution," has over 1.2
million monthly active users,
reaching a peak of 2.6
million

A total of 70 million worlds
have been created

40 million Si 2012, th
downloads on iOS mce.: s Hhe Source: BCG.BIZ Over 100,000 worlds are
. community has created Source: BCG.BIZ
and Android o (August 13, 2019) created every day
et 70 million worlds (January 22, 2020)
markets

Furthermore, "The Sandbox's" strategies in handling user-generated content, asset ownership,
and community participation provide valuable observations for our in-depth study of the operation
and development of the Metaverse. By analyzing the case of "The Sandbox," we can glean deep
insights and lessons to understand better and construct the Metaverse.

In conclusi4lon, "The Sandbox" is an excellent case that showcases the concept and features of
the Metaverse, offering valuable empirical evidence on how to realize the Metaverse. Next, we will
use the theoretical framework of the Metaverse to analyze "The Sandbox" and distill insights and
lessons from: it.

5.2. Application of Theoretical Framework

In this section, we will apply the proposed three-rule theoretical framework to analyze the
Sandbox Metaverse platform.

Regarding the "Rule of Lawful Governance," Sandbox Metaverse pays excellent attention to
compliance with laws and regulations during its development and operation. As an innovative
digital space, the platform faces many yet unclear legal and ethical issues, such as intellectual
property, privacy protection, digital asset transactions, etc. While opening up for user creation and
transactions, Sandbox Metaverse also has established a complete set of community rules and a fair
and just resolution mechanism to protect user rights and ensure stable platform operation. As shown
in Figure 4.
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Legal Compliance

User Rights Protection

Figure 4. The measures taken by Sandbox Metaverse in terms of laws and regulations

Regarding the "Rule of Virtual-Reality Integration,” Sandbox Metaverse has developed a diverse
and exciting application scenario based on this principle. Users can engage in various virtual
activities in Sandbox Metaverse, such as opening virtual stores, participating in virtual meetings, and
going on virtual travels. More importantly, these virtual activities are closely connected with the real
world. For example, users can digitize their virtual assets through blockchain technology and conduct
transactions in the real world. As shown in Figure 5.

Opening a virtual store

Participating in a virtual meeting

Engaging in virtual travel
Virtual transactions.

Figure 5. The integration of virtual and real elements within the Sandbox Metaverse

Sandbox
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For the "Rule of Technological Association,” Sandbox Metaverse takes full advantage of cutting-
edge technologies such as blockchain, virtual reality, and artificial intelligence to construct a feature-
rich and excellent-experience Metaverse platform. Blockchain technology guarantees the ownership
and transaction of virtual assets; virtual reality technology enhances the immersion of user interaction
experiences; and artificial intelligence plays a crucial role in providing personalized services,
maintaining platform order, etc. As shown in Figure 6.

Blockchain

Blockchain technology is one of the core technologies of Sandbox. It not only ensures
ownership of virtual assets and transparency of transactions but also provides copyright
protection for user-generated content. By leveraging the distributed and immutable
nature of blockchain, Sandbox has successfully created a fair and transparent virtual world

where every transaction can be verified and traced.

Virtual Reality

Virtual reality technology is key to providing immersive experiences in Sandbox. By

Sa nd box utilizing virtual reality, Sandbox offers a three-dimensional and interactive virtual world

where users can freely explore and create. This highly immersive experience allows users to

feel like they have entered another world, greatly enhancing their interactive experience.

Artificial Intelligence

Artificial intelligence plays an important role in Sandbox. It not only provides personalized
— services based on user preferences and behavior but also helps maintain platform order

through automated monitoring and management. For example, artificial intelligence can
help prevent fraud and abuse by identifying abnormal behavior. Additionally, Al can

recommend content that users may be interested in, enhancing their overall experience.

Figure 6. Technologies used in the Sandbox Metaverse.

By analyzing the Sandbox Metaverse platform, we can see the decisive guiding role of the three-
rule theoretical framework in practical application. It not only helps us understand the operation and
development of the Metaverse platform but also provides essential insights for the future
development of the Metaverse.

5.3. Insights and Implications

From the case analysis of the Sandbox Metaverse platform, we have obtained many insights and
implications about the Metaverse.

The development and management of the Metaverse must respect and comply with legal
provisions. This not only involves the protection of user privacy and intellectual property but also
includes fairness and transparency of various activities and transactions conducted in the virtual
world. Legal and ethical constraints are crucial safeguards for the sustained and healthy development
of the Metaverse. When regulations still need clarification, the Metaverse platform must establish a
comprehensive set of community rules and dispute-resolution mechanisms to protect user rights and
maintain platform stability.

Integrating the virtual and the real is an important feature and direction of Metaverse
development. Combining the virtual world with the natural world can provide users with a rich and
diverse experience and services while bringing new development opportunities for the digital
economy. In Sandbox Metaverse, users can not only open stores, attend meetings, and travel in the
virtual world but can also digitize virtual assets and create connections with the real world. This form
of virtual-reality integration is expected to be widely applied in various fields, such as education,
entertainment, work, etc., in the future.
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Technology is a crucial driver of Metaverse development. Sandbox Metaverse platform fully
utilizes cutting-edge technologies such as blockchain, virtual reality, and artificial intelligence to
provide users with a rich interactive experience, guarantee virtual assets' ownership and transaction
security, and enable the platform to deliver personalized services and maintain platform order.
Technological development and innovation will continuously push the upgrade and evolution of the
Metaverse.

The development of the Metaverse requires continuous innovation and community support.
Sandbox Metaverse platform has evolved from a small virtual reality community to a large Metaverse
platform, thanks to constant technological innovation, strong community support, and flexible
strategies adapting to market demand. In the future, the development of the Metaverse will require
all parties' concerted effort and collaboration.

Through the above analysis, the Metaverse is not only a new field full of innovation and
possibilities but also a complex system that requires multidimensional cooperation and standardized
management. Therefore, to successfully develop the Metaverse, we must deeply understand its
characteristics and rules, develop suitable strategies and plans, and jointly participate in and promote
its healthy development.

6. Discussion

6.1. Summary of Key Findings

This study delved into the critical characteristics of the Metaverse, applying and validating our
proposed theoretical framework for Metaverse research using the Sandbox Metaverse platform as a
case study. Summarizing our research findings, we can put forth the following important
observations:

We confirmed that the development and management of the Metaverse must adhere to legal
regulations. The "Rule of Law" underlines the importance of laws in maintaining fair transactions
within the Metaverse, protecting user privacy and intellectual property rights. At the same time, in
areas where laws are unclear, Metaverse platforms need to establish comprehensive community rules
and dispute resolution mechanisms to protect user rights and maintain platform stability.

We discovered that the Metaverse's development significantly leans towards virtual and real
integration. The "Rule of Virtual-Real Integration” suggests that the profound fusion of the virtual
and real worlds can provide users with diversified experiences and services and bring new
development opportunities to the digital economy. In Sandbox Metaverse, users can open stores,
have meetings, travel in the virtual world, and connect virtual assets with the real world through
digitization, showcasing the possibilities of virtual-real integration.

Technology is the key driver propelling the development of the Metaverse. The "Rule of
Technological Association" highlights the significant role of cutting-edge technologies like
blockchain, virtual reality, and artificial intelligence in providing a rich interactive experience,
ensuring virtual assets' ownership and transactional security, and providing personalized services
and maintaining platform order.

We recognized that the development of the Metaverse requires constant innovation and
community support. Sandbox Metaverse platform has evolved from a small virtual reality
community to a large one. The key factors behind this include continuous technological innovation,
robust community support, and flexible strategies that adapt to market demands.

We can see that the Metaverse is not only a new field full of innovation and possibilities but also
a complex system that requires cooperation from multiple aspects and standardized management.
Therefore, to achieve the successful development of the Metaverse, we need to deeply understand its
characteristics and rules, develop suitable strategies and plans, and collectively participate in and
promote its healthy growth.
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6.2. Comparison with Previous Research

This study aims to delve into the key characteristics of the Metaverse, proposing and validating
a theoretical framework suitable for Metaverse research. This framework encompasses the "Rule of
Law," "Rule of Virtual-Real Integration," and "Rule of Technological Association." A case study of the
Sandbox Metaverse platform further corroborates this theoretical framework's effectiveness and
applicability.

Compared to previous research, this study has several significant differences and contributions:

This study proposes a new theoretical framework for understanding and studying the
Metaverse. This framework highlights the key characteristics of the Metaverse, such as asset
digitization, scenario-based applications, scope economy, industry universality, fusion innovation,
and platform ecology, offering a clear, comprehensive perspective to understand and study the
Metaverse.

This study uses the Sandbox Metaverse platform as a case study to empirically validate this
theoretical framework. Unlike previous research that primarily discussed the Metaverse from
theoretical and conceptual perspectives, this study uses an empirical research method to delve into
the practical application and impact, providing a more concrete and detailed research perspective
and methodology.

This study not only explores the key characteristics of the Metaverse but also further investigates
the impacts of these characteristics on the real world. We found that the Metaverse is changing how
people live and work and expanding the digital economy's boundaries, profoundly impacting
socioeconomic development.

In summary, this study significantly contributes to theoretical construction and empirical
validation. We hope that this study's findings and theoretical framework provide beneficial guidance
for the research and application of the Metaverse, promoting research and development in the
Metaverse field.

6.3. Implications for Theory and Practice

Theoretically, our study offers a fresh perspective on the phenomenon of the Metaverse,
unveiling its unique attributes and potential. The theoretical framework we propose underscores the
key characteristics of the Metaverse, such as asset digitization, scenario-based applications, scope
economy, industry universality, fusion innovation, and platform ecology. This framework not only
aids in deciphering the intrinsic mechanisms of the Metaverse but also contributes to predicting its
future trajectory. Additionally, our research emphasizes the three crucial rules in studying the
Metaverse - the rule of law, integration of the virtual and real, and technological associations, which
provide theoretical guidance for Metaverse research.

In practice, our research reveals how the Metaverse influences the real world and how it plays a
vital role in socioeconomic development. Our case study shows that the Metaverse has begun to
reshape how people live and work, expanding the boundaries of the digital economy and generating
profound impacts on socio-economics. Thus, our research can provide robust support and guidance
for policymakers, enterprise decision-makers, and researchers, assisting them in better
understanding and applying the Metaverse and promoting the sustained healthy development of
Metaverse-related industries.

Our research provides a new perspective and methodology for understanding the Metaverse,
proposing an adequate theoretical framework. Our research will profoundly impact the study and
practice of the Metaverse, promoting progress in academic research and practical applications of the
Metaverse.

6.4. Limitations of the Study

Despite the accomplishments in theoretical framework construction and case analysis, we must
acknowledge the limitations of this research. The theoretical framework of this study primarily relies
on six key characteristics of the Metaverse, which may not cover all dimensions of the Metaverse. As
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an emerging field, many unknowns about the inherent laws and operating mechanisms of the
Metaverse remain and require further exploration and research.

In this study, we selected only the Sandbox Metaverse platform as a case for research. Although
the successful experience of the Sandbox Metaverse platform provides valuable empirical materials,
due to the diversity of Metaverse platforms, we cannot guarantee that the conclusions of this case can
be fully generalized to other Metaverse platforms. Therefore, future research needs empirical
research on more Metaverse platforms to gain a more widespread and in-depth understanding.

The influence of the Metaverse is not limited to the digital economy. Its potential and impact in
education, healthcare, and entertainment are also worth attention. However, this study did not delve
into these areas, which is a direction that future research can further explore.

Although our theoretical framework emphasizes the importance of the "Rule of Law,"
"Integration of Virtual and Real," and "Technology Association Rules," how to apply these rules
specifically to the development and management of the Metaverse still requires further study and
practice.

Despite these limitations, this research represents a starting point for promoting understanding
and analysis of the Metaverse. We look forward to future research that can address these limitations
and provide deeper insights into the development of the Metaverse.

7. Conclusions

7.1. Recap of the Paper’s Contributions

The main contributions of this study can be summarized in the following aspects:

We conducted a comprehensive and in-depth review of the theories and practices of the
Metaverse. We traced back the origins, definitions, main ideas, and models of the Metaverse and
thoroughly sorted out existing research. This provides readers with a comprehensive perspective on
the Metaverse and offers a theoretical background and reference framework for further study.

Through the case study of "Sandbox," we demonstrated how the Metaverse realizes its key
features in practice and what challenges it faces. This empirical research method allows us to
understand the operating mechanism of the Metaverse more profoundly and provides specific
guidance for the design and construction of the Metaverse.

We also explored the social, economic, and legal issues of the Metaverse. These issues are
essential but often neglected parts of current Metaverse research. By discussing these issues, we put
forth some initial thoughts and suggestions to help us make more rational decisions when facing
these issues.

In discussing the key characteristics of the Metaverse, we proposed a new perspective, viewing
the Metaverse as an open, decentralized, self-adjusting ecosystem centered around user-generated
content and interaction. This perspective not only broadens our understanding of the Metaverse but
also offers new ideas for the development of the Metaverse.

Through this study, we also realize that although research on the Metaverse has made some
progress, many issues still need further exploration. For example, how to harness the economic
benefits of the Metaverse while ensuring user privacy and data security? How to establish an effective
platform ecosystem in the Metaverse? How to balance the relationship between the real world and
the Metaverse? These issues need to be further explored in future research.

In conclusion, this study provides valuable insights for understanding and constructing the
Metaverse through an in-depth exploration of Metaverse theory and practice. Although there are
many challenges and problems to be solved, with the deepening of research and the development of
technology, we can understand and construct the Metaverse better.

7.2. Suggestions for Future Research Directions

Further in-depth research is required into the social, economic, and legal issues of the Metaverse.
Although this study has initiated discussions on these issues, their complexity and importance
necessitate a deeper understanding and discourse. For example, questions regarding data ownership
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and privacy in the Metaverse, the impact of the Metaverse on social structure and economic pattern,
and regulatory issues related to the Metaverse need to be further explored.

Technological development and application of the Metaverse is also crucial direction for future
research. For instance, how can we construct a more efficient, secure, and reliable technological
architecture for the Metaverse? How can the value of Metaverse technology be harnessed in fields
such as education, healthcare, and entertainment? How to resolve new issues that emerge with the
development of Metaverse technology, like technical compatibility, network latency, and data
security?

The business models and economic systems of the Metaverse also merit further exploration. For
instance, how can commercial profitability be achieved in the Metaverse? How should transactions
and commercial activities be conducted within the Metaverse? What should the economic model of
the Metaverse look like? How can fairness, justice, and transparency in economic activities within the
Metaverse be ensured?

We also need more empirical research and case studies. Empirical research can provide concrete
evidence and experience to verify and develop theories and models of the Metaverse. At the same
time, case studies can help us understand the operating mechanisms and practical issues of the
Metaverse more intuitively.

Future Metaverse research needs both theoretical deepening and practical verification. We hope
that future researchers can continue to delve into the study of the Metaverse based on this foundation
to promote the development and progress of the Metaverse.
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