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Abstract- The current centralized metaverse platforms come inherently wrapped in significant challenges
related to data security vulnerabilities, scalability issues, limited user autonomy, and the interoperability of
virtual environments. These naturally impose core limitations on digital ownership and creative freedoms
over user experiences and digital assets. This paper discusses decentralization as a powerful solution to
return the capability of self-governance to the user over their identities and assets. Integration with
blockchain ensures secure, transparent, and immutable transactions, while smart contracts facilitate trust
and automation of governance. The case studies show the real-life application on how decentralized
platforms can achieve scalability and reduce energy challenges but at the same time enhance user control
and interoperability. Noting innovation, the discussion in view emphasizes a balance of innovation with
privacy issues for sustainable development and user-oriented governance frameworks of decentralized
metaverses. Critical review points to blockchain technology in a decentralized metaverse and Web 3.0 tech,
specifically on security, privacy, and governance of both besides scalability. Contributions include an insight
into the balance between technological development and the arising challenges of privacy, together with
the recommendations for decentralized systems improvement. The presented paper is intended to drive
towards the creation of sustainable digital ecosystems for the good of entrepreneurs, technologists,
healthcare professionals, creators, and consumers alike. From the result, a total of 160 respondents from
the student population of the International Islamic University Malaysia participated in this study, which
aimed to investigate the significance of exploring Blockchain and Web 3.0 in the context of sustainable
development. The findings reveal that the majority of respondents prioritized the strengthening of privacy
and security protocols as the most critical factor. This was followed by the enhancement of blockchain
scalability, the development of user-centric governance frameworks, and the facilitation of cross-platform
interoperability. These insights underscore the necessity of balancing technological innovation with robust
security measures and the preservation of user trust.

Keywords-- Decentralized Metaverse; Blockchain Technology; Web 3.0; Digital Ownership; Data Privacy; Smart
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INTRODUCTION

The emergence of decentralized metaverse platforms
heralds a sea change in the digital ecosystem, where critical
problems of centralized systems are being addressed [1], [2],
[3]: Centralized metaverse frameworks are prone to data
security vulnerabilities, single points of failure, and limited
interoperability between virtual environments [4], [5]. Due
to the high level of authority that centralized entities wield
over the user experience, users are also often deprived of
full control over their digital identities, assets, and creative
outputs [6]. Decentralization through blockchain is fast
rising as the conclusive solution to some of these challenges.
It takes the power of control away from a central authority
and hands over record levels of power, freedom, and

autonomy to every individual over their online identity,
assets, and interactions [7], [8], [9]- More importantly, it is
enforced through blockchain via the security, transparency,
and immutability of digital transactions that would finally
put any misgivings with respect to data privacy and
ownership to rest.

Other transformational elements in this invention
include smart contract integration into the decentralized
system [10], [11]. Smart contracts are automated, thereby
eliminating any sort of middleman and enabling trust
through user-governed governance frameworks [12]. They
provide transparent decision-making where users can
directly contribute to the many different platforms they may
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be participating in [13]. It is this user-centric model that
ensures not only privacy but also introduces inclusivity and
innovation, allowing creators, entrepreneurs, and
technologists to level the playing field [14]. Further
understanding of the impact of blockchain and Web 3.0
technologies shows a new, redefining way for digital
interactions [15], [16]. Among the major benefits these
technologies bring about, privacy and security are two of
the most challenging concerns in the modern age of the
internet [17], [18]. They provide interoperability, a key
component in creating a robust, decentralized metaverse
via easy, secure exchange of information across virtual
environments [19], [20]. This is the very necessary shift that
should shape a truly interoperable and user-centered digital
space where users are not limited to an isolated ecosystem
but are able to move across and interact between different
platforms with ease [21], [22], [23]

The methodology to understand and further these
innovations involves a critical review of the literature on
decentralized frameworks, coupled with real-world case
studies. We draw practical lessons from the examination of
successful implementations of decentralized platforms
regarding the challenges and opportunities inherent in this
paradigm. These studies bring together academic research
and industry perspectives on how decentralization
enhances user control, scalability, and governance. These
advances have far-reaching implications that go well beyond
the individual user. The entrepreneur can grasp new
opportunities in developing decentralized applications, the
technologist can innovate with greater freedom, the
healthcare professional secures and makes more
transparent systems for managing patient data, and
consumers have an unprecedented level of security and
control over their digital lives [24], [25], [26]. Moreover,
creators have increased rights to their digital assets, and
their intellectual property is better protected and duly
remunerated [27], [28] The decentralized metaverse
functions as a virtual ecosystem where users engage within
interconnected environments, driven by blockchain and
Web 3.0 technologies. It is supported by consensus
mechanisms such as Proof of Stake (PoS), smart contracts,
and decentralized storage. Applications of the
decentralized metaverse include virtual real estate, gaming,
education and collaboration, e-commerce, and more [29].
By 2030, the decentralized metaverse market is projected to
grow to $87 billion [29]. This growth is largely driven by
blockchain integration in tokenizing virtual assets and
evolving applications such as gaming, virtual real estate and
education. Blockchain technology is expected to reach
$1431.54 billion by 2030, offering secure ownership through
Non-Fungible Tokens (NFTs), enabling interoperability and
ensuring transparency [29]. However, decentralized
metaverse requires advancements to overcome challenges
such as scalability issues, security risks and high energy use
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to realize widespread adoption [29], [30], [31]- Advances in
blockchain interoperability,  optimized consensus
mechanisms such as PoS and decentralized resource-sharing
networks are crucial to overcome these barriers. This paper
is arranged as follows; Section | gives a brief introduction to
decentralized metaverse involving blockchain, Web 3.0 and
its applications. Section Il summarizes the literature review
for this work. Section Ill covers the methodology of the
study. Lastly, Section IV show the results from google form
survey about exploring innovation and privacy in
Decentralized Metaverse Ecosystems.

Il.  LITERATURE REVIEW

The review begins with an exploration of the Web 3.0
landscape, which highlights core technologies and the
challenge of navigating its decentralized nature. Emphasis is
placed on blockchain’s role in ensuring security, trust, and
transparency across digital systems [32]. This foundation is
extended by examining Web 3.0 as the future architecture
of the internet, underlining decentralization and user
ownership as fundamental pillars [33]. These arguments are
supported through analytical reviews of blockchain, smart
contracts, and decentralized protocols. Further discussion
involves the development and implementation of
decentralized applications (dApps) using blockchain in Web
3.0 environments. Smart contracts and blockchain
infrastructure are seen as essential to secure and automated
user-driven systems [34]. A detailed architectural analysis
includes Ethereum's platform capabilities and smart
contract programming in Solidity. This is followed by an
introduction to the TAO framework (Transparency,
Autonomy, Optimization) which is proposed as a means of
building efficient decentralized systems [35]. Several articles
link Web 3.0 technologies with sustainability, suggesting
blockchain can support transparent supply chains and
decentralized governance while addressing environmental
concerns [36]. The literature also explores blockchain's role
in transforming the financial landscape through DefFi,
tokenized assets, and smart contracts. It emphasizes
blockchain’s potential for financial innovation [37]. In
another sector, supply chain accountability is addressed
through enhanced transparency and traceability enabled by
blockchain integration [38].The transparency benefits of
blockchain in industries such as mineral sourcing are
examined through a comprehensive review, especially
regarding ethical sourcing and conflict mineral tracking [39].
In service management, a proposed system design utilizing
blockchain and NFTs is introduced to manage real-time data
transmission within loT and Metaverse networks [40].
Blockchain’s  evolution beyond  cryptocurrency s
emphasized, with its adaptable design applied across
domains like finance, healthcare, and logistics [41].

Attention is also directed toward the Metaverse, where
blockchain underpins data integrity, identity verification,
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and ownership in immersive digital environments.
Blockchain is shown to support virtual assets, secure
identities, and integrate with other technologies such as VR,
AR, and Al [42]. With the help of edge intelligence,
blockchain enhances real-time data processing in Web 3.0
operations [43]. The Industrial Metaverse further expands
this by applying Web 3.0 technologies to virtual factories
and production systems [44]. Governance models and
digital asset ownership in the Metaverse are explored
through implementation studies and integration scenarios
[45]. The idea of synchronization and continuity of identity
and transactions is discussed through case examples like
JPMorgan’s virtual land acquisition [46]. Historical literature
on the development of the Metaverse and the integration of
VR, Al, and loT is referenced to show its broad implications
for urban environments and sustainability [47]. The
convergence of Al and blockchain within the Metaverse is
further emphasized, with a systematic review exploring how
this synergy can redefine social, economic, and operational
models [48]. DeFi's role in the Metaverse's financial systems
is described as transformational, with blockchain
eliminating  intermediaries and promoting  global
accessibility to services [49]. Specific technical and case
study-based analyses support this, particularly in identifying
risks like front-running attacks [50].The literature then
explores how Al integration can significantly enhance
blockchain functionality by improving user experience,
automating decisions, and supporting decentralized
applications [51]. In Industry 4.0, the combination of Al and
blockchain is presented as a way to improve business
processes, social interactions, and decentralized models
[52]. Decentralized Al combined with edge intelligence is
proposed to boost the performance of blockchain, Web 3.0,
and the Metaverse, supporting personalized and adaptive
applications [53].

The integration of Al, blockchain, and digital networking
technologies is also seen as central to creating immersive
virtual environments, especially within social interaction and
economic transaction contexts [54]. Progress in deep
learning and generative models like GPT-4 demonstrates the
capacity of Al to enhance metaverse engagement. However,
challenges remain due to current global concerns such as
the COVID-19 pandemic.Quantum-enhanced blockchain is
proposed as an innovative solution to security and scalability
issues.  Studies discuss quantum protocols and
cryptography, offering a roadmap for blockchain's
advancement in secure networks [55]. The evolving media
landscape is also addressed, where decentralization allows
creators more control over production and distribution in
immersive, Al-augmented environments [56]. Finally, a
blockchain-based authentication system using
Decentralized Identifiers (DIDs) and verifiable credentials is
proposed to secure user identity in the Metaverse [57].
Comparative analysis with traditional methods reveals
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improved privacy and security, though the system’s
effectiveness depends on the broader reliability of
blockchain consensus mechanisms.

. METHODOLOGY
A. Selection of Studies

The selection process was done to ensure the inclusion
of high-quality studies. We used the inclusion and exclusion
criteria to filter the papers in the following steps.
As shown in Figure 1, in the first stage of the selection
process, multiple automated searches were conducted on 3
different digital libraries. After that, we remove the
duplicated papers, ineligible or inaccessible papers, and for
other reasons. On the next stage, we sort out papers based
on its title and keywords. Next, we further filter the papers
by reading the abstracts of the previously selected papers to
find potential papers with high relevance to our topic. In the
fourth stage, we read the introduction and conclusion to
narrow down the selected studies. For every excluded
paper, we take note of the reasons for its irrelevancy then
continue to further examine the selected papers of its
quality. Lastly, the final and fifth stage of the process is to
read the full paper of the selected studies from the fourth
stage. Finally, after a strict selection process, we found 72
relevant studies to be included in our literature review.

Stage 1
1. Search conducted on various digital libraries.
2. Removed duplicated papers, ineligible papers,
and other reasons.
3. Applied inclusion and exclusion criteria

v

Stage 2
Sorted out papers based on title and keywords.

v

Stage 3
Filtered the papers by reading the abstracts.

v

Stage 4
Read the introduction and conclusion

v

Stage 4
Read the full paper of the selected articles

7

Found 72 relevant studies

—"\

S A

Fig. 1 An overview of the selection process
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B. Inclusion and exclusion criteria

The inclusion and exclusion criteria were decided upon
to find relevant studies to our review topic, as shown in
Figure 2. The criterion for inclusion is first, studies must be
related to decentralized metaverse that addresses
blockchain technology and web 3.0 technologies and
applications. Next, it must be from either peer-reviewed
articles, technical reports, or case studies. Lastly, we must
only select studies in the recent five years, which is between
2019 to 2024. Meanwhile, the criterion for exclusion is if the
studies are not in English, not related to the decentralized
metaverse theme, not available, and not presenting
sufficient technical detail on blockchain and web 3.0
technologies.

Inclusion & Exclusion

Criteria

Exclusion Criteria

’

N[

Inclusion Criteria

+ Studies related to decentralized
metaverse which addresses
blockehain and web 3.0 technologies

+ Peer-reviewed arlicles, technical
reports, industry reports, and case
studies

+ Research published in the recent 5
years, between 2019 10 2024 /

+ Non-English publicafions

+ Papers unrelated to decentralized
metaverse concept

+ Unavailable papers

o Studies that present insufficient
technical detai on blockchain and
web 3.0 technologies

\

Fig.2 An overview of inclusion and exclusion criteria

\

c¢. Data Extraction and Analysis

Data Extraction: We extracted four aspects from the
selected literature relevant to the subject matter.
Accordingly, we arranged our findings in a systematic
tabular document and highlights its key findings/arguments,
supporting evidence/methods, and strength and limitations.
Analysis: The extracted data were analyzed using thematic
synthesis, which is categorization by themes. Major themes
included were 1) Blockchain and its application in
decentralized systems, 2) Integration of Al and blockchain in
Web 3.0, 3) Applications, and 4) Innovations and challenges
in Metaverse technologies.

IV. RESULTS

The survey aimed to gather insight from individuals
regarding their awareness, concerns, and expectations
toward blockchain, Web 3.0, and decentralization within
digital ecosystems. A total of 160 respondents participated
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in the survey. The representation of the outcomes is
displayed in Fig. 3 A to Fig.3 J. According to Fig.3 A, the
majority of the respondents (93.8%) identified themselves as
students, suggesting that early-career individuals form the
dominant demographic engaging with decentralized
technologies. This underscores the need for foundational
educational initiatives and curriculum development tailored
to students. In Fig.3 B, the majority of participants rated
their familiarity with blockchain and Web 3.0 concepts as
moderate, with 43.8% choosing level 3 and 37.5% selecting
level 2. This indicates a growing interest but limited technical
depth, highlighting the opportunity for targeted literacy
programs and skill-building workshops. Fig.3 C illustrates
that respondents view several privacy concerns in
decentralized metaverses, particularly smart contract
vulnerabilities and lack of user-centric governance as highly
significant, with many selecting “significant” or “very
significant.” Meanwhile, Fig.3 D shows that 75% of
respondents either agreed or strongly agreed that user
autonomy over digital identities and assets is essential. This
strongly reflects the value participants place on user rights
and decentralized control over personal data.

In terms of innovation, Fig.3 E shows that 68.8% of
participants believe decentralization enhances innovation in
the metaverse. However, 31.2% were unsure, indicating a
need for more demonstrative use cases and exposure. As
shown in Fig.3 F, participants selected decentralized
governance frameworks (87.5%) as the most promising
aspect for sustainable ecosystems, followed closely by
privacy-preserving user controls (75%) and transparency &
immutability (75%). These responses emphasize governance
and user control as core components of trusted digital
environments. Despite these optimistic views, Fig.3 G
reveals that only 25% of respondents have interacted with
blockchain-integrated metaverse platforms, suggesting that
practical engagement is still limited and that further
adoption support is necessary. As seen in Fig.3 H, industries
such as finance & banking (81.3%), healthcare (75%), and
education (68.8%) are perceived to benefit the most from
decentralized ecosystems, aligning with sectors where
transparency, data integrity, and secure access are critical.
Concerns about system-level functionality are further
addressed in Fig.3 I, where 43.8% of respondents expressed
concern level 4 (out of 5) regarding interoperability issues,
pointing to the importance of standardization across
platforms. Lastly, Fig.3 J presents the ranking of priorities to
balance innovation and privacy. The majority chose
strengthening privacy/security protocols as the most
important priority, followed by improving blockchain
scalability, developing user-friendly governance, and
ensuring cross-platform interoperability. This indicates that
while innovation is valued, it must not compromise security
and user trust.
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Fig. 3 These bar charts present the collection of responses to a survey titled “Exploring Innovation & Privacy in Decentralized Metaverse
Ecosystems”
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V. CONCLUSION

In  conclusion, decentralized metaverse still has
significant progress to make, despite offering greater
security and transparency compared to the centralized
metaverse. By integrating blockchain systems, Web 3.0
technologies and Al frameworks, the decentralized
metaverse aims to create a secure, immersive and user-
driven environment. The major advantage of decentralized
metaverse lies in its ability to empower users with true
ownership, enabling them to create, buy, sell and trade
digital assets just like in real life. Decentralized metaverse
has introduced transformative shifts across industries and
personal experiences, including true digital ownership, new
economic opportunities, enhanced privacy and security,
decentralized governance and interoperability across
platforms. This paper aims to explore sustainable
development and user privacy in a user-centric digital
environment by emphasizing the importance of continued
innovation within decentralized metaverse. Finally, it
provides recommendations for addressing challenges such
as data integrity, sustainability concerns and high energy
consumption through blockchain technology, Web 3.0 and
related application.
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