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Abstract: Metaverse is an upcoming transformative technology that will impact our future society
with immersive experiences. The recent surge in the adoption of new technologies and innovations in
connectivity, interaction technology, and artificial realities can fundamentally change the digital world.
The Metaverse concept is the most recent trend to encapsulate and define the potential new digital
landscape. However, with the introduction of 5G with high speed and low latency advancements
in the hardware and software with the graphics power to display millions of polygons in 3D and
blockchain technology, this concept is no longer fiction. This transition from today’s Internet to a
spatially embodied Internet is, at its core, a transition from 2D to 3D interactions taking place in
multiple virtual universes. In recent years, augmented virtual reality has created possibilities in the
private and professional spheres. The new Virtual Reality (VR) headsets and Augmented Reality
(AR) glasses can provide immersion in the physical sense. Technology must offer realistic experiences
for users to turn this concept into reality. This paper focuses on the potential use cases and benefits of
the Metaverse as a tech for good. The research paper outlines the potential areas where a positive
impact could occur, highlights recent progress, and discusses the issues around trust, ethics, and
cognitive load.
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1. Introduction

Imagine a new universe free from the physical realities of your life where you can work,
play, connect with people, and relax anywhere you want on the planet. With opportunities
to attend gatherings and do anything that you can imagine in reality, this dream is not
far now. Now it is the beginning of the Metaverse as the next evolutionary stage of the
Internet towards decentralized using Augmented Reality (AR) and Virtual Reality (VR) [1].
AR overlays digital information onto the real-world environment to enhance the real-
world perception with digital elements, VR creates entirely immerses computer-generated
environments by blocking out the physical world, while Mixed Reality (MR) enables users
to interact with digital and physical objects simultaneously by blending digital content
into the real world [2]. This world will not be one specific virtual world but multiple
shared virtual universes that coexist to form a rich tapestry of existence [3]. Our current
virtual world environments, such as Pokémon Go, Robolox, World of Warcraft, are used by
millions daily [4]. These form a beta Metaverse which gives a glimpse of the potential of
this technology. Recent innovations can allow the fidelity and complexity of these worlds
to become genuinely complete experiences for the good of humanity.

What Is the Metaverse?

The concept of the Metaverse refers to a shared persistent virtual world environment
where people can interact just like in the real world [5]. This concept of the Metaverse
is not new; it is a term acquired from the science-fiction novel Snowcrash [6], and has
now become a byword for a future version of the Internet using VR and AR technology
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to interact instead of using desktops, laptops and mobile phones [7]. One of the most
prominent examples of developers attempting to create such a virtual world was Second
Life [8]. However, its implementation is entirely for the gamer community. It is one of the
first Massive multiplayer online games to have shown us the potential and effects of these
shared worlds. Metaverse refers to shared digital spaces with a realism approach using VR or AR.
Metaverse is also used to describe gaming worlds where every user can have a virtual
character to interact with other players’ virtual characters. Taking the VR from gaming
to this virtual world for practically everything, Metaverse will be for work, education,
healthcare, conferences, play, concerts, or just hanging out [9]. The concept of the Metaverse
holds significant potential for positive societal impact and “tech for good” applications.
“Tech for good” is a concept that refers to the use of technology and innovation to create
positive and beneficial outcomes for individuals, communities, and society as a whole. It
involves leveraging technological advancements to address social, environmental, and hu-
manitarian challenges, with the aim of improving people’s lives and promoting well-being.
“Tech for good” initiatives focus on developing and deploying technological solutions that
contribute to sustainable development, equality, inclusivity, and positive societal impact.

2. Historical Background of Metaverse

This journey started with the Internet simply allowing people to send emails and chat
on BBS (Bulletin Board System) message boards [10]. In 1989, Tim Berners-Lee created the
World Wide Web to connect the Internet through a web browser [11], which allowed for
the creation of millions of different websites and is still growing every day. This all later
created things like Yahoo and Google, leading to the advent of Web 2.0 for user-generated
content like blogging, which eventually morphed into social media. Today, we care about
using different apps and websites for connection through the Internet. The concept behind
the Metaverse is to create new online spaces for more multidimensional interactions for
people by enabling an immersive experience instead of just viewing. We are starting
to think about the Metaverse as the place for all possible resources to come together,
but not something whose final form exists yet; it will take a few more years. However,
technological limitations will decrease with time as Internet speed and hardware resources
will grow more advanced. These innovations are being invented on the foundation of the
Internet. Living today, we use an app-based layer that allows us to engage through apps on
smartphones like Facebook, Twitter, Snapchat, Zoom, Instagram, and so on. The upcoming
layer for connectivity is the Metaverse. With the haptic feedback using wearables [12],
sensory experiences like touch can bring more realism with a wider adoption [13].

Why Now?

An ideal immersive experience needs a very high-speed internet connection which
was not possible before. Recently COVID has increased the race of virtual technologies (just
like it increased the need for touchless interaction technologies [14]), which are becoming
possible due to the availability of 5G Internet [15], fast computer processing powers,
and strong chips [16]. So realistically, technology is moving very fast toward a Super Smart
Society named “Society 5.0” by the Japanese Government [17] as shown in Figure 1.

The idea behind Society 5.0 is using technologies like Artificial Intelligence (Al),
Machine Learning, Augmented /Virtual Reality [18], Blockchain, Web 3.0, and the use of
5G and 6G to make the 21st century more connected, liberated from various constraints
and free for diverse lifestyles.

The most crucial factor in these interactions is if a user feels a sense of presence. This
can be achieved by producing sufficiently realistic user interaction to feel psychologically
and emotionally immersed [19]? To imagine all the possibilities of the Metaverse concept
into reality in the real world, we have to read history books of the digital world we live
in today and see how this digital transformation happened in the last four decades (as
explained in Figure 2). Thanks to a high level and quality resolution, the level of fidelity
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will reach a threshold that all will consider the Metaverse objectively. It will lead towards a
more immersive entertainment experience with full engagement of all the senses.
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Figure 1. Society 5.0 as described by the Japanese government, “Super Smart Society” [17].
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Figure 2. Digital Transformation and Creativity to solve problems and creating value.

Facebook is shifting from ‘social networking’ towards ‘social technology’ as Meta is
trying to enlarge the business from communications to retail, working stations, education,
leisure, entertainment, and healthcare [20-22]. A clear opportunity can be seen in this
big leap; the use of digital twins, realistic consultations using avatars, personalized care,
diagnosis through data interconnectivity, and simplified payment. The Metaverse as an idea
is a place to experience reality without having reality. This transformation will transform
the ways of social interactions, training, working, gaming, and learning.

The Metaverse can fundamentally change how we interact with technology, social
experience, and online collaborations. Digitizing the actual surroundings in reality as



Virtual Worlds 2023, 2

329

its best version will enable human interaction with cartoonish avatars (avatar is a virtual
character to represent humans in the virtual world) in pre-built virtual worlds.

3. Discussion on the Potential and Progress of the Metaverse

The Metaverse, in general, looks like a souped-up version of VR, but it can be the
future Internet. Instead of sitting in front of a computer and working, the Metaverse can
use a headset to enter the virtual world connecting digital environments.

3.1. Potential of Metaverse at Workplaces

COVID-19 brought a forced work-from-home strategy, which later turned into a
hybrid model of working as a new normal. Also, a four-day working week is being
trialed in different parts of the world and is considered a more effective and mental health-
friendly option.

As the world has adopted an approach of hybrid working strategy, interest in the
Metaverse increases and its capability of connecting employees in the future workplace
will be more obvious. With increasing innovations in AR and MR technology, the way to
work and socialize can be transformed fundamentally. Figures 3 and 4 have explained the
Metaverse concept for the workplace using Horizon Workrooms.

Figure 4. Facebook’s Horizon Workrooms with mixed reality experience [24].
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The current video communication will be replaced with sitting next to a hologram of a
person you want to meet. This could be your own private virtual shared world or one in
which you could freely stop by like a public park. Wearing glasses to enter an entirely new
world is a fantastic concept for entertainment and gaming purposes, as well as a significant
step towards a new future for productivity and virtual collaboration. Microsoft developed
Mesh for Microsoft Teams which can enable the presence and provide shared experiences
through mixed reality applications on smartphones, tablets, desktop PCs, VR headsets,
or HoloLens and allow users to represent with 2D and 3D avatars [25].

Avoiding “Zoom Fatigue”

Zoom is the most widely adopted software during the pandemic. The employees meet
their colleagues online through online video meetings. However, the continuous use of
these interactions is exhausting in the long run. The Metaverse can help employees avoid
this fatigue by making more realistic interactions in more authentic ways.

The main reasons behind this “Zoom Fatigue” are excessive amounts of eye contact
with increased cognitive load, seeing our real-time camera feed, and increasing constraints
on physical mobility [26,27]. However, due to its more realistic and engaging experience,
the Metaverse can help avoid some of these causes, like helping in avoiding own camera
feeds and lifting constraints from physical mobility. Moreover, with the possibilities of
realistic interactions in less exhausting and more authentic ways, integrating the Metaverse
into the working day will become easier.

3.2. Potential of Metaverse in Education

Across the globe, XR is becoming an integral part of the educational systems that
will move forward to the Metaverse. Figure 5 explains the educational applications of
Metaverse. Education has rich traditional practices of classrooms, curriculum structures,
grading systems, etc., but so far in the digital transformation, it is impossible to turn it into
virtual spaces completely. This need emerged during the COVID pandemic when the world
felt the need for virtual classrooms [28]. As an immersive virtual space, the Metaverse
concept can bring the campus activities and class lectures with 3D simulations to enable
a more realistic classroom learning experience where everyone presents virtually in an
immersive form [29]. With the involvement of activity-oriented and enhanced gamification,
it can increase classroom participation [30].

Metaverse’s applications in education include, but are not limited to, virtual 3D class-
rooms, simulated real-life situations, digital learning in a remote setting, interdisciplinary
learning, virtual campus tours, events, and collaborative activities. It can help to cre-
ate powerful immersive learning experiences, gamification, hands-on learning practices,
and improve learning speed.

By bringing the concept of social presence, Metaverse can help students to meet and
interact virtually with other students and teachers in 3D virtual classrooms. Metaverse’s
ability to replicate real-life situations where students can conduct scientific experiments can
revolutionize STEM learning, especially in resource-constrained environments. A prototype
of a campus Metaverse at the Chinese University of Hong Kong, Shenzhen (CUHKSZ) was
presented with a blockchain-driven system (explained in Figure 6). The system aims to
provide an on-campus interactive Metaverse for students with a mixed environment where
students’ real-world actions reflect in the virtual world [31].
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Figure 6. A corner of the Chinese University of Hong Kong, Shenzhen (CUHKSZ) as Metaverse [31].

The exciting thing about the Metaverse in the context of education is, learning seems
to be a perfect fit as it will empower learning by doing “kinesthetic learning” [32] at its
best with simulated activities about experiential learning. In 2021, Stanford University
started its course COMM 166/266: “Virtual People” completely based on virtual reality [33].
The evaluation of a collaborative e-learning Metaverse platform, VoRtex shows positive
results in overcoming the learning boundaries [34]. A bottom-up approach adopted for
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real case studies to use Metaverse-based education has been shown to create Sustainable
Learning experiences [35].

Learning technical topics and training in remote and resource-constrained environ-
ments is possible using artificial technologies, and the concept of haptic feedback can
take this approach to the next level. Using haptic sensing gloves would allow interaction
with the virtual world and experience it in the same way as we do in the real world.
In artificial reality, the goal of haptic technology is comfortable and lightweight gloves
to convey tactile information such as pressure, heat, and weight. Suzuki et al. used the
concept for the learning system in Metaverse [36]. Figure 7 shows the Meta haptic gloves
for technical training.

Figure 7. Haptic feedback gloves revealed by Facebook Reality Labs (Meta Reality Lab) [37].

3.3. Potential of Metaverse in Gaming Industry

Gaming industry is the leader in developing of the Metaverse. The emergence of the
Metaverse concept created a boom in gaming cryptos for the Metaverse gaming experiences.
Experimentation in spaces like ‘decentraland’” and many others shows that gamers are
developing the Metaverse. With an estimated 3 billion people playing video games globally,
there are entire infrastructures that create significant opportunities for wealth creation.
According to BITKRAFT Ventures, video games represent a USD 336 billion industry [38]
(visualized in Figure 8) with widespread software, hardware, and intellectual property.
Figure 9 shows the volume of the gaming industry. Minecraft and MinecraftEdu are those
gamification experiences used in the Metaverse concept [39]. Minecraft is a sandbox video
game that allows players to build and explore virtual worlds made up of blocks. Minecraft-
Edu is an educational version of Minecraft that allows instructors to use the game as an
educational tool. Niantic, the creator of Pokémon Go, raised USD 300 million in funding to
create its metaverse [40]. In addition, Niantic is developing an AR platform for 3D models
of the planet, which can play a significant role in the upcoming computing revolution.
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Figure 9. A snapshot of using Metaverse for gaming [41].

Play-to-Earn as a New Economic Model for Gaming

Recently, the gaming industry has grown massively, adopting the play-to-earn gaming
model to financially reward every user who is adding value by playing in the gaming
ecosystem. Moreover, with the use of new technologies like Al imaging and motion capture,
developers can develop more realistic 3D worlds for gamers.

In a new move, the gaming industry is becoming decentralized. Play-to-earn games
can bring digital identity, assets, and ownership for players in the digital world [42].

3.4. Potential of Metaverse for Entertainment

Entertainment is a big industry with various sectors divided into two broad categories:
content and experiences. Entertainment content is turning to digital with the latest tech-
nologies very fast in the last two decades, and experiences are moving away from offline
and cinemas to virtual spaces.

The years 2020 and 2021 were the most problematic years after the digital trans-
formation of entertainment due to COVID. To spend time at home, people moved to
in-door entertainment including streaming, virtual events [43], online gaming, and vir-
tual tourism [44]. The entertainment industry expects a loss of around USD 160 billion
for the next five years, as reported by Ampere Analysis. Numerous sporting events and
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concerts have been postponed or outright canceled. According to Disney, the pandemic
cost a loss of USD 2.4 billion in operating income during the Q4 of 2020 for its parks and
products segment. Even with promising vaccines on the horizon, recovery could still be
spotty, especially for the theatrical sector, where audience behavior may have changed
for good. The Metaverse can help the entertainment industry in immersive storytelling,
world-building, and further unlocking fan creativity. These features offered by Metaverse
can enhance audience engagement virtually for the modern entertainment brand.

Metaverses will also enable experience-oriented entertainment brands to test vir-
tual venues that transcend the limitations of physical venues and unlock new types of
experiences [45].

In 2021, US reality TV show star Paris Hilton launched her Metaverse business on
Roblox [46]. Her virtual world, named Paris World, allows visitors to explore digital
replicas of her Beverly Hills estate in a luxury sports car or Sunray yacht.

3.5. Potential of Metaverse in Healthcare

In healthcare and medicine, immersive technologies have been proven helpful for
realistic and interactive simulations [47]. These technologies also support cognitive rehabili-
tation to recover from neurological disorders [48]. The convergence of virtual and physical
space in the Metaverse could help to advance healthcare and medical training. Replacing
conventional technology with Metaverse can expand the user experience of medical educa-
tion. Application of the Metaverse in medical training [49] will provide more effectiveness
where hands-on learning and advanced interactions are required. In addition, it will move
the concept of the metaverse from virtual space to haptic feedback with more realism.

A Metaverse for Burn Hospital was established on the Gather Town platform to
conduct various lectures and workshops [50] where users reported this experience as fun
and evaluated it positively. The Metaverse can unlock new potential in the realms of
telehealth h [51] and remote patient care [52]. Elevating the virtual care concept from a
2d to a 3d experience can bring a revolution in medicine [53,54]. The Metaverse can help
medical students with immersive simulations for medical training, practice procedures,
and diagnostic techniques in virtual environments.

3.6. Potential of Metaverse in Governance an Politics

The World is changing fast, and to keep up with the new opportunities and chal-
lenges, governance technology is also evolving quickly. The hybrid working concept can
bring more opportunities for Governments towards sustainability [55], by lowering the
cost of running infrastructure and reducing the need for mobility. In addition, it will
create new employment, improve the traditional learning system with interactive learning
environments, deliver remote healthcare, and plan urban spaces.

In the very near future, Metaverse can also serve as an essential public services
provider, social initiatives [56], more advances like Decentralized E-Voting Systems [57]
as governments can jump into the rapidly expanding digital World; however, it will need
policymaking at large to control the ethics and privacy issues [58]. The capital of South
Korea, Seoul is planning to become the World’s first city to offer civil administrative services
via a Metaverse platform [59].

3.7. Potential of Metaverse for Architecture

Metaverse can be a potential for the design process [60], as the Bodily Metaverse of
Lisbon architecture design shows [61]. The potential architecture community has seen
the rapid development of virtual reality, creating and visualizing the progressing World’s
environments. In the real world, architecture helps in social services like housing and
social entertainment. In addition, new technological advancements created possibilities
for replicating the physical space into artificial [62,63]. Also, the virtual buildings in the
Metaverse are easy to transform as compared to the real buildings. People only need to
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modify the code in the computer to overthrow a building and rebuild without considering
new financial resources.

3.8. Potential of Metaverse for Virtual Real Estate

Metaverse is an online space of interconnected 3-D worlds emerging as the hotspot for
multi-million virtual real-estate investments.

Even the investors cannot live physically in these virtual experiential spaces. In early
2021, a digital artist named Krista Kim sold a digital house valued at nearly USD 500,000 as
an NFT [64], as shown in Figure 10.

Figure 10. NFT (non-fungible token) digital home "‘Mars House” sold for USD 500,000 [64].

In 2021, another purchase of virtual land happened in Decentraland valued at USD
243 million, which is the highest value to date in the virtual world and considered as higher
than the average home price in Manhattan [65]. These purchases are purely speculative of
future potential use and will be difficult to assess if these virtual worlds will actually be
used in the future. It its as simple as a new world becomes popular, and the value of these
virtual lands is reduced to nothing. In this case, they negative value there is a real-world
cost to running the servers behind these virtual worlds.

3.9. Potential of Metaverse for Fashion Industry

Just like other industries, the Metaverse is also enhancing opportunities in fashion.
The fashion industry has already adopted augmented and virtual technologies to a certain
extent as virtual try rooms [66] and continues with the progress of immersive technologies,
it’s bound to be even more prominent.

In 2021, British Fashion Council, partnering with Roblox launched a new award
category named as the “Fashion Award for Metaverse Design” [67], can be seen in Figure 11.
As our social lives are changing the way to communicate and live, this change is not
surprising, and the World'’s favorite brands are jumping to “digital” platforms.

The World’s well-known sportswear giant Adidas partnered with a major cryptocur-
rency exchange Coinbase to explore the sports and fashion potential in the Metaverse as
starting with the virtual gaming blockchain The Sandbox [68].

Fashion giant Diesel and Margiela’s Owner Only The Brave (OTB) has formed a
new division called Brave Virtual Xperience (BVX) for designing products and gaming
experiences in the Metaverse. BVX will be entirely for the development of Metaverse-
related fashion products and experiences to keep the customers engaged with the booming
wave of Metaverse as a luxury fashion house for the future [69].
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Figure 11. The Metaverse version of The Fashion Awards 2021 in a virtual Royal Albert Hall [67].

3.10. Potential of Metaverse for Virtual Heritage and Festivals

Metaverse can open up to heritage sites and virtual festivals by introducing realism
in the virtual. Virtual presence and virtual realism [70,71] are the two most important
things to having a realistic virtual experience. The first Metaverse festival was organized
by Decentraland in October 2021 [72]. With the development of VR at a crucial point,
considering the emerging virtual heritage and its potential values are essential. In 2021,
to explore the opportunities of immersive celebrations, a wedding ceremony was held in
the Metaverse using Virbela software [73]. It shows the virtual possibilities to participate,
in the restricted times of COVID.

3.11. Potential of Metaverse for Diversity and Inclusion

The Metaverse will bring a massive opportunity for diverse voices and creators when
considering diversity and inclusion [74]. It can attract diverse audiences, whatever age,
race, gender, culture, or sexual orientation they belong. However, in terms of accessibility, it
will require more expensive computers with VR headsets and high-quality cameras to get in.
Virtual worlds can be designed by keeping the accessibility needs in mind to accommodate
mobility impairments and visual or hearing impairments [75,76]. The Metaverse can
help in safer cross-cultural interactions by allowing people from diverse backgrounds to
connect, collaborate, and learn. This will help to promote empathy and contribute to a more
inclusive global community. Issues related to providing digital access, protecting privacy,
and creating virtual spaces that real-world inequalities must be addressed to realize the
positive potential of the Metaverse [77].

3.12. Metaverse, Blockchain, and Cryptocurrencies

Blockchain technology and decentralized platforms have proven to be adaptable in the
mainstream due to immutable and unhackable features. Cryptocurrencies are considered
the key to the Metaverse, especially in the gaming world [78]. The use of blockchain
technology in virtual reality and the virtual world changed from little [79] to massive in
just a concise period of time. Potentiality, Metaverse can open up numerous possibilities,
but the real factor is the user. Traditionally, virtual worlds are created and owned by people
and big companies. Still, crypto Metaverses are typically decentralized [80], with some
or all components of Metaverse games built on blockchain technology. That clarifies the
blockchain Metaverse tendency toward diverging from the gaming industry’s mainstream
business models and value-generating models. The blockchain’s ability for decentralization
can open up more equitable engagement and opportunities among the participants in the
games. It will give all participants ownership of the Metaverse world; even if the real
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creators walk away, the game could exist in perpetuity. Some of the hot coins that emerged
in the first wave of Metaverse crypto are:

e Decentraland (MANA) [81];
e  Sandbox (SAND);

*  Enjin Coin (EN]J);

e  Meta Hero (HERO).

4. Trust, Ethics, Cognitive Load Issues

New inventions always come with their positive and negative sides. Thinking about,
how will the Metaverse affect trust in the workplace? Issues like feeling watched when working
remotely and questions about who will be watching your interactions in the metaverse? and
how much time do you spend in the virtual office? [82,83].

Thinking about how to police inappropriate behavior of virtual working? It can feel like
walking in a video game, working together detached from reality, and moving the team-
work effectively. The next thing to think about is about how long can someone be expected
to wear a HMD realistically to spend time in the Metaverse? and willingness of people to wear
such gear. These questions have huge importance for the ambitious vision of the Meta-
verse [84]. Establishing trust in the durability of digital presence is paramount. In addition,
standardization is needed to enable the interoperability of platforms and services across
the Metaverse. Like other technologies, widespread adoption of the Metaverse will require
essential technological standards just like IEEE global XR ethics initiative report [85].

This call for standardization is not to argue for a wholly “holistic approach to build the
Metaverse” [86] as others have argued for. Digital twins will be used, as mentioned before
in this paper, and many worlds will partner with each other to create rich ecosystems. No
matter how well each world attempts to make its worlds holistically, gaps will emerge
from technology components to the mental and social factors its users face. These gaps
will lead to black markets and use cases of worlds completely unexpected. Attempting
to control this will lead to a monopolistic approach, leading to a convergence of control
that may appear initially to avoid some of the harms of monopolization from companies
like Apple or Meta. Still, it ultimately could stop this technology from being an overall
good for humanity. It could be concerning that many companies will lobby to regulate the
Metaverse to protect the public while creating an impossible barrier of entry for competing
for free alternatives. Creating a new virtual land only costs the price of running a new
server and not paying an exorbitant price for an area of the Metaverse accessible to the
public due to regulatory and not technological grounds. Augmented reality worlds within
the Metaverse may not suffer this problem as with their coexistence in the real world; local
ad hoc networks could guarantee access. This splintering of the Metaverse should not be a
concern; Strength through diversity will out-compete closed systems. Rejecting a single
governance model [87] such be prioritized.

The ethics of interaction between the virtual and the real world will prove challenging
and may become one of the defining questions of the 21st century. The Metaverse offers
such unique potential for all of humanity for good. Still, already elements of artificial
scarcity [88] where attempts to use real-world property laws lead to cases of deductive
explosion where any proposition can be supported due to contraction being asserted as true.
As mentioned earlier in this paper, Blockchain technology offers a decentralized approach
with the implementation of smart contracts that could help balance the interactions between
real and virtual contracts [89]. However, new shared worlds will always be possible; hence
a Metaverse space where A to Z is restricted will always have the possibility that a divergent
member of the group will set up a space where B and H are allowed, but A,C, D, E, E G, ],
and so forth are still not permissible. The Metaverse spaces ultimately will not be restricted
by rules decided by their users but by real-world copyright and the law of the land in
general where the servers hosting the world are placed. Feedback loops could, off-course,
occur where although A is not permissible in the real world, the lack of oversight creates
worlds where A happens so regularly, then A is made acceptable in the real world.
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By its nature, the Metaverse embodies the concepts of Berkley [90] Subjective idealism
as the objects truly only exist in a state that is “to be is to be perceived”.

A Metaverse allows for the existence of an unlimited number of shared virtual worlds,
and it’s interesting to note that this is a reflection of current scientific [91] and contempo-
rary media culture [92] obsession multiverses. With such popularity of the notion of a
multiverse, adopting a Metaverse consisting of shared realities both directly connected
with our physical world in AR and existing independently in VR will be trivial to younger
generations. Crucially though, one must remember, especially with the use cases outlined
in this paper and with the addition of haptics, we will genuinely have a sensation of
matter within these worlds, and interactions within these worlds will have real-world
consequences ethics must always be considered.

With an immeasurable potential, the concept of the Metaverse is the biggest thing
when it comes to immersive digital workplaces, health services, gaming, and customer
experience for the growing contingent of brands with the adoption of the technology [93].

Each new digital experience from an event, NFT, or getting player support can be
recreated in-game or in-world to increase frictionless customer engagement. Emerging
technologies like 5G will help in high speed and transmission power to make this artificial
world functional. Modern digital devices need the support of big advancements to provide
latency-free experiences through virtual and augmented reality using 5G and upcoming
technologies [94].

Most of our digital interactions are based on 2D imagery, changing rapidly like vir-
tual tours of places. The Metaverse requires many innovations in current technologies,
protocols, innovative enterprises, and discoveries to make them functional in the real
world. In the market, there are several competitors in the development of hardware for
virtual, augmented, and mixed reality, including Apple, Facebook (Meta), Google, HTC,
and Microsoft [95]. Therefore, there is a need for strong computing power to be embedded
in a frame of glasses to create possibilities for making the technology convenient. It is
possible by focusing on the decreasing size by including the computer and networking
chips [96], holographic waveguides [97], sensors, batteries, and speakers in the tiny space.

5. Conclusions and Future Recommendations

Combining all emerging technologies forms an entirely new virtual universe that may
offer tangible and meaningful experiences. Metaverse is years away from a point where
it is genuinely pervasive and accessible to all. Once it becomes possible, AR and VR will
become ubiquitous in everyday life. Our current Internet communities and online spaces
form a beta Metaverse [98]. However, these changes will not happen overnight because it
will take time to complete this transition for accessible, interactive, immersive real-world
experiences to become a reality. Control of such worlds should not be controlled by one
group or well-meaning regulation that results only in nation-states or large corporations
controlling and running such a world. There is a need for standards to be developed
to ensure smooth communication and interaction within the various components of the
Metaverse. To create these virtual worlds more user-centric, there is a need to focus
on creating intuitive, immersive, and engaging user experiences. In the future, user
interfaces should accommodate a wide range of users, from tech-savvy to people less
familiar with digital technologies. In terms of data, as the Metaverse will involve extensive
data sharing and interaction, to protect user data, privacy and security measures should be
at a high level. Governments and regulatory bodies will require to focus on establishing
frameworks for ensuring fair practices, preventing abuses, and protecting user rights in
virtual environments.

In the past, there was a lack of resources for creating 3D content, which has been
removed effectively by developing the ability for high-definition content, virtual repre-
sentations and authoring toolkits [99]. The Metaverse is reliant upon the power of 3D
capture and virtualization technologies. From virtual gaming, world workplaces, fashion
or entertainment, and even for public services, the Metaverse can bring tremendous oppor-
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tunities to form an entirely new way of living, the same as the Internet has performed in the
last 30 years. We would need 3D capturing and advanced virtualization technologies for
developing digital twins to provide a virtual realm. There is no doubt; the Metaverse will
continue to integrate into our lives and expand further, creating new opportunities [100].
Metaverses can bring a robust creative canvas that will enable organizations to provide
incredible new opportunities in virtual business and collaboration for employees.

Author Contributions: Both authors of this paper have contributed equally. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: There is no data attached to this paper.

Conflicts of Interest: The authors declare no conflict of interest.
Abbreviations

NFT Non-fungible Token

AR Augmented Reality

VR Virtual Reality

MR Mixed Reality

IEEE Institute of Electrical and Electronics Engineers
SAND  Sandbox

ENJ Enjin

References

1. Lombardi, J.; Lombardi, M. Opening the metaverse. In Online Worlds: Convergence of the Real and the Virtual; Springer:
Berlin/Heidelberg, Germany, 2010; pp. 111-122.

2. Brigham, T.J. Reality check: Basics of augmented, virtual, and mixed reality. Med. Ref. Serv. Q. 2017, 36, 171-178. [CrossRef]
[PubMed]

3.  Mystakidis, S. Metaverse. Encyclopedia 2022, 2, 486—497. [CrossRef]

4. Rospigliosi, P.A. Metaverse or Simulacra? Roblox, Minecraft, Meta and the turn to virtual reality for education, socialisation and
work. Interact. Learn. Environ. 2022, 30, 1-3. [CrossRef]

5. Guan, J; Irizawa, J.; Morris, A. Extended Reality and Internet of Things for Hyper-Connected Metaverse Environments. In
Proceedings of the 2022 IEEE Conference on Virtual Reality and 3D User Interfaces Abstracts and Workshops (VRW), Christchurch,
New Zealand, 12-16 March 2022; pp. 163-168.

6. Stephenson, N. Snow Crash: A Novel; Spectra:Irvine, CA, USA, 2003.

7. Sparkes, M. What is a metaverse. New Sci. 2021, 251, 18. [CrossRef]

8. Gent, E. Lessons From a Second Life> Before Meta, Philip Rosedale Created an Online Universe. IEEE Spectr. 2022, 59, 19.
[CrossRef]

9. Nover, S. The Meaning of the ‘Metaverse,” and All the Terms You Need to Understand It. 2021. Available online: https:
//qz.com/2089665/everything-you-need-to-know-to-understand-the-metaverse (accessed on 15 May 2023).

10. LaRue, J. Sending Them a Message: Electronic Bulletin Boards. Wilson Libr. Bull. 1986, 60, 30-33.

11. Berners-Lee, T.; Cailliau, R.; Groff, ].F.; Pollermann, B. World-Wide Web: The information universe. Internet Res. 1992, 2, 52-58.
[CrossRef]

12.  Al-Sada, M.; Jiang, K.; Ranade, S.; Kalkattawi, M.; Nakajima, T. HapticSnakes: Multi-haptic feedback wearable robots for
immersive virtual reality. Virtual Real. 2020, 24, 191-209. [CrossRef]

13. Harley, D.; Verni, A.; Willis, M.; Ng, A.; Bozzo, L.; Mazalek, A. Sensory vr: Smelling, touching, and eating virtual reality.
In Proceedings of the Twelfth International Conference on Tangible, Embedded, and Embodied Interaction, Stockholm, Sweden,
18-21 March 2018; pp. 386-397.

14. Igbal, M.Z.; Campbell, A.G. From luxury to necessity: Progress of touchless interaction technology. Technol. Soc. 2021, 67, 101796.
[CrossRef]

15.  Erol-Kantarci, M.; Sukhmani, S. Caching and computing at the edge for mobile augmented reality and virtual reality (AR/VR) in

5G. In Proceedings of the 9th International Conference (AdHocNets 2017), Niagara Falls, ON, Canada, 28-29 September 2017;
pp. 169-177.


http://doi.org/10.1080/02763869.2017.1293987
http://www.ncbi.nlm.nih.gov/pubmed/28453428
http://dx.doi.org/10.3390/encyclopedia2010031
http://dx.doi.org/10.1080/10494820.2022.2022899
http://dx.doi.org/10.1016/S0262-4079(21)01450-0
http://dx.doi.org/10.1109/MSPEC.2022.9676346
https://qz.com/2089665/everything-you-need-to-know-to-understand-the-metaverse
https://qz.com/2089665/everything-you-need-to-know-to-understand-the-metaverse
http://dx.doi.org/10.1108/eb047254
http://dx.doi.org/10.1007/s10055-019-00404-x
http://dx.doi.org/10.1016/j.techsoc.2021.101796

Virtual Worlds 2023, 2 340

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.

AlJazeera. Chipmaker Nvidia forecasts robust revenue on Al, metaverse buzz. AlJazeera, 17 November 2021. Available
online: https://www.aljazeera.com/economy/2021/11/17/chipmaker-nvidia-forecasts-robust-revenue-on-ai-metaverse-buzz
(accessed on 10 May 2023)

Rojas, C.N.; Penafiel, G.A.A.; Buitrago, D.E.L. Society 5.0: A Japanese Concept for a Superintelligent Society. Sustainability 2021,
13, 6567. [CrossRef]

Lyu, Y.; Zhu, Y,; Han, S.; He, B.; Bao, L. Open innovation and innovation “Radicalness”—The moderating effect of network
embeddedness. Technol. Soc. 2020, 62, 101292. [CrossRef]

Dionisio, J.D.N.; Burns, W.G., III; Gilbert, R. 3D virtual worlds and the metaverse: Current status and future possibilities. ACM
Comput. Surv. (CSUR) 2013, 45, 1-38. [CrossRef]

Kraus, S.; Kanbach, D.K,; Krysta, PM.; Steinhoff, M.M.; Tomini, N. Facebook and the creation of the metaverse: Radical business
model innovation or incremental transformation? Int. . Entrep. Behav. Res. 2022, 28, 52-77. [CrossRef]

Alvarez-Risco, A.; Del-Aguila-Arcentales, S.; Rosen, M.A.; Yérfiez, J.A. Social Cognitive Theory to Assess the Intention to
participate in the Facebook Metaverse by citizens in Peru during the COVID-19 pandemic. J. Open Innov. Technol. Mark. Complex.
2022, 8, 142. [CrossRef]

Gorichanaz, T. Being at home in the metaverse? Prospectus for a social imaginary. Al Ethics 2023, 3, 647-658. [CrossRef]
Lazzaro, S. Facebook’s Metaverse for Work Draws Hope, but Mostly Skepticism. 2021. Available online: https://venturebeat.
com/business/facebooks-metaverse-for-work-draws-hope-but-mostly-skepticism/ (accessed on 10 May 2023).

Melnick, K. Facebook’s ‘Horizon Workrooms’ Is VR Coworking at Its Finest. 2021. Available online: https://vrscout.com/news/
facebooks-horizon-workrooms-is-vr-coworking-at-its-finest/ (accessed on 10 May 2023).

Mesh for Microsoft Teams, 2021. Available online: https://www.microsoft.com/en-us/mesh (accessed on 10 May 2023).
Fosslien, L.; Duffy, M.W. How to combat zoom fatigue. Harv. Bus. Rev. 2020, 29, 1-6.

Nesher Shoshan, H.; Wehrt, W. Understanding “Zoom fatigue”: A mixed-method approach. Appl. Psychol. 2022, 71, 827-852.
[CrossRef]

Alhat, S. Virtual Classroom: A Future of Education Post-COVID-19. Shanlax Int. ]. Educ. 2020, 8, 101-104. [CrossRef]

Igbal, M.Z.; Campbell, A.G. AGILEST approach: Using machine learning agents to facilitate kinesthetic learning in STEM
education through real-time touchless hand interaction. Telemat. Inform. Rep. 2023, 9, 100034. [CrossRef]

Matsika, C.; Zhou, M. Factors affecting the adoption and use of AVR technology in higher and tertiary education. Technol. Soc.
2021, 67, 101694. [CrossRef]

Duan, H,; Li, J.; Fan, S.; Lin, Z.; Wu, X.; Cai, W. Metaverse for social good: A university campus prototype. In Proceedings of the
29th ACM International Conference on Multimedia, Virtual Event, 20-24 October 2021; pp. 153-161.

Igbal, M.Z.; Campbell, A.G. Investigating Challenges and Opportunities of the Touchless Hand Interaction and Machine Learning
Agents to Support Kinesthetic Learning in Augmented Reality. In Proceedings of the 26th International Conference on Intelligent
User Interfaces, College Station, TX, USA, 14-17 April 2021; pp. 99-101.

Kornfein, A. Stanford launches first class taught completely in virtual reality. The Standard Daily, 1 December 2021.

Jovanovi¢, A.; Milosavljevi¢, A. VoRtex Metaverse Platform for Gamified Collaborative Learning. Electronics 2022, 11, 317.
[CrossRef]

Park, S.; Kim, S. Identifying World Types to Deliver Gameful Experiences for Sustainable Learning in the Metaverse. Sustainability
2022, 14, 1361. [CrossRef]

Suzuki, S.N.; Kanematsu, H.; Barry, D.M.; Ogawa, N.; Yajima, K.; Nakahira, K.T.; Shirai, T.; Kawaguchi, M.; Kobayashi, T.;
Yoshitake, M. Virtual Experiments in Metaverse and their Applications to Collaborative Projects: The framework and its
significance. Procedia Comput. Sci. 2020, 176, 2125-2132. [CrossRef]

Estes, A.C. Facebook’s freaky new glove. Vox, 17 November 2021.

BITKRAFT. Gaming Industry Nearly Twice as Large as Reported, at $336B. 2021. Available online: https://www.bitkraft.vc/
gaming-industry-market-size/ (accessed on 15 May 2023).

Cézar-Gutiérrez, R.; Sdez-Lopez, ] M. Game-based learning and gamification in initial teacher training in the social sciences: An
experiment with MinecraftEdu. Int. J. Educ. Technol. High. Educ. 2016, 13, 2. [CrossRef]

Fink, C. Niantic’s $300 Million Raise. 2021. Available online: https://www.forbes.com/sites/charliefink/2021/11/24/this-week-
in-xr-niantics-300-million-raise-nfts-as-tickets-dent-reality-lands-vc-bux/ (accessed on 15 May 2023).

Chang, H. Meta Brings User-Generated Game Platform Crayta to Facebook Gaming. Hypebeast, 10 June 2022.

Brambilla, S. What play-to-earn gaming can tell us about the future of the digital economy—And the metaverse. World Economic
Forum, 22 November 2021.

Gupta, A; Chenatt, ].].; Singla, T.; Rajput, D.; Gupta, S. Virtual events in the post-COVID-19 pandemic era in medical profession:
A narrative review. J. Clin. Diagn. Res. 2022, 16, JEO1-JE04. [CrossRef]

Verma, S.; Warrier, L.; Bolia, B.; Mehta, S. Past, present, and future of virtual tourism—A literature review. Int. ]. Inf. Manag. Data
Insights 2022, 2, 100085. [CrossRef]

Pietroszek, K.; Rebol, M.; Lake, B. Dill Pickle: Interactive Theatre Play in Virtual Reality. In Proceedings of the 28th ACM
Symposium on Virtual Reality Software and Technology, Tsukuba, Japan, 29 November-1 December 2022; pp. 1-2.


https://www.aljazeera.com/economy/2021/11/17/chipmaker-nvidia-forecasts-robust-revenue-on-ai-metaverse-buzz
http://dx.doi.org/10.3390/su13126567
http://dx.doi.org/10.1016/j.techsoc.2020.101292
http://dx.doi.org/10.1145/2480741.2480751
http://dx.doi.org/10.1108/IJEBR-12-2021-0984
http://dx.doi.org/10.3390/joitmc8030142
http://dx.doi.org/10.1007/s43681-022-00198-w
https://venturebeat.com/business/facebooks-metaverse-for-work-draws-hope-but-mostly-skepticism/
https://venturebeat.com/business/facebooks-metaverse-for-work-draws-hope-but-mostly-skepticism/
https://vrscout.com/news/facebooks-horizon-workrooms-is-vr-coworking-at-its-finest/
https://vrscout.com/news/facebooks-horizon-workrooms-is-vr-coworking-at-its-finest/
https://www.microsoft.com/en-us/mesh
http://dx.doi.org/10.1111/apps.12360
http://dx.doi.org/10.34293/education.v8i4.3238
http://dx.doi.org/10.1016/j.teler.2022.100034
http://dx.doi.org/10.1016/j.techsoc.2021.101694
http://dx.doi.org/10.3390/electronics11030317
http://dx.doi.org/10.3390/su14031361
http://dx.doi.org/10.1016/j.procs.2020.09.249
https://www.bitkraft.vc/gaming-industry-market-size/
https://www.bitkraft.vc/gaming-industry-market-size/
http://dx.doi.org/10.1186/s41239-016-0003-4
https://www.forbes.com/sites/charliefink/2021/11/24/this-week-in-xr-niantics-300-million-raise-nfts-as-tickets-dent-reality-lands-vc-bux/
https://www.forbes.com/sites/charliefink/2021/11/24/this-week-in-xr-niantics-300-million-raise-nfts-as-tickets-dent-reality-lands-vc-bux/
http://dx.doi.org/10.7860/JCDR/2022/53668.16328
http://dx.doi.org/10.1016/j.jjimei.2022.100085

Virtual Worlds 2023, 2 341

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.
67.
68.

69.
70.
71.
72.
73.
74.
75.

76.

Dawn C. U.S. Reality TV Star Paris Hilton Launches Metaverse Business on Roblox. Available online: https://www.reuters.
com/business/media-telecom/us-reality-tv-star-paris-hilton-launches-metaverse-business-roblox-2021-12-28 / (accessed on
2 August 2023).

Coyne, E.; Calleja, P; Forster, E.; Lin, F. A review of virtual-simulation for assessing healthcare students’ clinical competency.
Nurse Educ. Today 2021, 96, 104623. [CrossRef]

De Luca, R.; Maggio, M.G.; Maresca, G.; Latella, D.; Cannavo, A.; Sciarrone, F; Lo Voi, E.; Accorinti, M.; Bramanti, P.; Calabro,
R.S. Improving cognitive function after traumatic brain injury: A clinical trial on the potential use of the semi-immersive virtual
reality. Behav. Neurol. 2019, 2019, 9268179. [CrossRef]

Hasan, L. K.; Haratian, A.; Kim, M.; Bolia, LK.; Weber, A.E.; Petrigliano, F.A. Virtual Reality in Orthopedic Surgery Training. Adv.
Med. Educ. Pract. 2021, 12, 1295. [CrossRef] [PubMed]

Hwang, S.H. 544 Creating Communities for Burn Survivors Using Metaverse Platform. . Burn. Care Res. 2023, 44, S103.
[CrossRef]

Rosen, C.B.; Joffe, S.; Kelz, R.R. COVID-19 moves medicine into a virtual space: A paradigm shift from touch to talk to establish
trust. Ann. Surg. 2020, 272, €159. [CrossRef]

Suh, I; McKinney, T.; Siu, K.C. Current Perspective of Metaverse Application in Medical Education, Research and Patient Care.
Virtual Worlds 2023, 2, 115-128. [CrossRef]

Tan, T.F; Li, Y;; Lim, ].S.; Gunasekeran, D.V.; Teo, Z.L.; Ng, W.Y,; Ting, D.S. Metaverse and virtual health care in ophthalmology:
Opportunities and challenges. Asia-Pac. |. Ophthalmol. 2022, 11, 237-246. [CrossRef] [PubMed]

Bhattacharya, P.; Obaidat, M.S.; Savaliya, D.; Sanghavi, S.; Tanwar, S.; Sadaun, B. Metaverse assisted telesurgery in healthcare 5.0:
An interplay of blockchain and explainable Al In Proceedings of the 2022 International Conference on Computer, Information
and Telecommunication Systems (CITS), Athens, Greece, 13-15 July 2022; pp. 1-5.

Lee, J.Y. A Study on Metaverse Hype for Sustainable Growth. Int. J. Adv. Smart Converg. 2021, 10, 72-80.

Kostina, V.V. Possibilities of Using Virtual Space as a Resource for Implementation of Social Initiatives. Int. |. Educ. Sci. 2021, 4,
57-60. [CrossRef]

Hsiao, J.H.; Tso, R.; Chen, C.M.; Wu, M.E. Decentralized E-voting systems based on the blockchain technology. In Advances in
Computer Science and Ubiquitous Computing; Springer: Berlin/Heidelberg, Germany, 2017; pp. 305-309.

Igbal, M.Z.; Campbell, A.G. Adopting smart glasses responsibly: Potential benefits, ethical, and privacy concerns with Ray-Ban
stories. Al Ethics 2023, 3, 325-327. [CrossRef]

SMG. Seoul to Provide Public Services through Its Own Metaverse Platform. 2021. Available online: https:/ /english.seoul.go.kr/
seoul-to-provide-public-services-through-its-own-metaverse-platform/ (accessed on 2 July 2023).

Stary, C. Can a ‘Metaverse by Design’Benefit from Digital Process Twins? In Proceedings of the International Conference on
Subject-Oriented Business Process Management, Rostock, Germany, 31 May-1 June 2023; pp. 91-110.

Gebrian, M.; Floridn, M.; Eloy, S. Designing the Bodily Metaverse of Lisbon. In Virtual Aesthetics in Architecture; Routledge:
Abingdon-on-Thames, UK, 2021; pp. 133-141.

Lv, Z; Xie, S.; Li, Y,; Hossain, M.S.; El Saddik, A. Building the metaverse by digital twins at all scales, state, relation. Virtual Real.
Intell. Hardw. 2022, 4, 459-470. [CrossRef]

Aloqaily, M.; Bouachir, O.; Karray, F.; Al Ridhawi, L; El Saddik, A. Integrating digital twin and advanced intelligent technologies
to realize the metaverse. IEEE Consum. Electron. Mag. 2022, 4, 1-8. [CrossRef]

Sullivan, H. First ‘digital home” sells for €420,000 in cryptocurrency sale. The Irish Times, 24 March 2021.

Elizabeth H. Virtual Real Estate Plot Sells for Record $2.4 Million. Available online: https://www.reuters.com/markets/
currencies/virtual-real-estate-plot-sells-record-24-million-2021-11-23/ (accessed on 2 August 2023).

Yang, S.; Xiong, G. Try it on! Contingency effects of virtual fitting rooms. |. Manag. Inf. Syst. 2019, 36, 789-822. [CrossRef]
Roby, I. The 2021 British Fashion Awards Will Honor Metaverse Design, a New Award Category. Nylon, 29 November 2021.
Bhattacharjee, S.S. Adidas Announces Coinbase Deal, Just Days After Announcing Its Entry Into the Metaverse. Gadgets 360, 29
November 2021.

TLFE. Diesel, Margiela Owner OTB is Headed into the Metaverse with New Virtual Arm. TFL, 30 November 2021.

Huggett, J. Virtually real or really virtual: Towards a heritage metaverse. Stud. Digit. Herit. 2020, 4, 1-15. [CrossRef]
Rahimizhian, S.; Ozturen, A.; Ilkan, M. Emerging realm of 360-degree technology to promote tourism destination. Technol. Soc.
2020, 63, 101411. [CrossRef]

Decentraland. The Metaverse Festival, 2021. Available online: https://themetaversefestival.io/ (accessed on 2 August 2023).
Kurutz, S. Getting Married in the Metaverse. The New York Times, 8 December 2021.

Zallio, M.; Clarkson, PJ. Designing the metaverse: A study on inclusion, diversity, equity, accessibility and safety for digital
immersive environments. Telemat. Inform. 2022, 75, 101909. [CrossRef]

Zallio, M.; Clarkson, P. Inclusive Metaverse. How Businesses Can Maximize Opportunities to Deliver an Accessible, Inclusive, Safe
Metaverse That Guarantees Equity and Diversity; University of Cambridge: Cambridge, UK, 2022.

Lee, N.T.; Ray, R.; Gosha, K. TechTank Episode 57: What will it take to create inclusive AR/ VR for a more diverse metaverse?
Brookings, 14 November 2022.


https://www.reuters.com/business/media-telecom/us-reality-tv-star-paris-hilton-launches-metaverse-business-roblox-2021-12-28/
https://www.reuters.com/business/media-telecom/us-reality-tv-star-paris-hilton-launches-metaverse-business-roblox-2021-12-28/
http://dx.doi.org/10.1016/j.nedt.2020.104623
http://dx.doi.org/10.1155/2019/9268179
http://dx.doi.org/10.2147/AMEP.S321885
http://www.ncbi.nlm.nih.gov/pubmed/34785971
http://dx.doi.org/10.1093/jbcr/irad045.141
http://dx.doi.org/10.1097/SLA.0000000000004098
http://dx.doi.org/10.3390/virtualworlds2020007
http://dx.doi.org/10.1097/APO.0000000000000537
http://www.ncbi.nlm.nih.gov/pubmed/35772084
http://dx.doi.org/10.26697/ijes.2021.2.5
http://dx.doi.org/10.1007/s43681-022-00155-7
https://english.seoul.go.kr/seoul-to-provide-public-services-through-its-own-metaverse-platform/
https://english.seoul.go.kr/seoul-to-provide-public-services-through-its-own-metaverse-platform/
http://dx.doi.org/10.1016/j.vrih.2022.06.005
http://dx.doi.org/10.1109/MCE.2022.3212570
https://www.reuters.com/markets/currencies/virtual-real-estate-plot-sells-record-24-million-2021-11-23/
https://www.reuters.com/markets/currencies/virtual-real-estate-plot-sells-record-24-million-2021-11-23/
http://dx.doi.org/10.1080/07421222.2019.1628894
http://dx.doi.org/10.14434/sdh.v4i1.26218
http://dx.doi.org/10.1016/j.techsoc.2020.101411
https://themetaversefestival.io/
http://dx.doi.org/10.1016/j.tele.2022.101909

Virtual Worlds 2023, 2 342

77.

78.

79.

80.

81.

82.

83.

84.
85.

86.

87.
88.

89.

90.
91.

92.
93.

94.

95.

96.

97.

98.

99.

100.

Parker, C.; Yoo, S.; Lee, Y.; Fredericks, J.; Dey, A.; Cho, Y.; Billinghurst, M. Towards an Inclusive and Accessible Metaverse.
In Proceedings of the Extended Abstracts of the 2023 CHI Conference on Human Factors in Computing Systems, Hamburg,
Germany, 23-28 April 2023; pp. 1-5.

Smith, S.S. Crypto Is The Key To The Metaverse. Forbes, 8 November 2021.

Cannavo, A.; Lamberti, F. How Blockchain, Virtual Reality and Augmented Reality are Converging, and Why. IEEE Consum.
Electron. Mag. 2020, 10, 6-13. [CrossRef]

Wright, A.; De Filippi, P. Decentralized Blockchain Technology and the Rise of Lex Cryptographia. 2015. SSRN 2580664. Available
online: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2580664 (accessed on 12 August 2023).

Goanta, C. Selling LAND in Decentraland: The regime of non-fungible tokens on the Ethereum blockchain under the digital
content directive. In Disruptive Technology, Legal Innovation, and the Future of Real Estate; Springer: Berlin/Heidelberg, Germany,
2020; pp. 139-154.

Mystakidis, S. Motivation enhancement methods for community building in extended reality. In Augmented and Mixed Reality for
Communities; CRC Press: Boca Raton, FL, USA, 2021; pp. 265-282.

Ng, D.T.K. What is the metaverse? Definitions, technologies and the community of inquiry. Australas. . Educ. Technol. 2022,
38, 190-205. [CrossRef]

Zuckerberg, M. Connect 2021 Keynoate: Our Vision for the Metaverse. Meta, 28 October 2021.

Fox, D.; Thornton, I. The IEEE Global Initiative on Ethics of Extended Reality (XR) Report: Extended Reality (XR) Ethics and Diversity,
Inclusion, and Accessibility; IEEE: New York, NY, USA, 2022.

Lee, L.H.; Braud, T.; Zhou, P; Wang, L.; Xu, D.; Lin, Z.; Kumar, A.; Bermejo, C.; Hui, P. All one needs to know about metaverse: A
complete survey on technological singularity, virtual ecosystem, and research agenda. arXiv 2021, arXiv:2110.05352.

Hickman, T.; Hickman, K.E. The Myth of the Magic Circle: Rejecting a Single Governance Model. UC Irvine Law Rev. 2012, 2, 537.
Cifrino, C.J. Virtual property, virtual rights: Why contract law, not property law, must be the governing paradigm in the law of
virtual worlds. BCL Rev. 2014, 55, 235.

Molina-Jimenez, C.; Solaiman, E.; Sfyrakis, I.; Ng, I.; Crowcroft, ]. On and off-blockchain enforcement of smart contracts. In
Proceedings of the European Conference on Parallel Processing, Eugene, OR, USA, 13-16 August 2018; pp. 342-354.

Berkeley, G. A Treatise Concerning the Principles of Human Knowledge; JB Lippincott & Company: Philadelphia, PA, USA, 1881.
Everett, H. The theory of the universal wave function. In The Many Worlds Interpretation of Quantum Mechanics; Princeton
University Press: Princeton, NJ, USA, 2015; pp. 1-140.

Yockey, M. Make Ours Marvel: Media Convergence and a Comics Universe; University of Texas Press: Austin, TX, USA, 2017.
Seidel, S.; Yepes, G.; Berente, N.; Nickerson, J. Designing the Metaverse. In Proceedings of the 55th Hawaii International
Conference on System Sciences, Maui, HI, USA, 4-7 January 2022.

Ning, H.; Wang, H.; Lin, Y.; Wang, W.; Dhelim, S.; Farha, F; Ding, ].; Daneshmand, M. A Survey on Metaverse: The State-of-the-art,
Technologies, Applications, and Challenges. arXiv 2021, arXiv:2111.09673.

Briefs, R. 12 Tech Corporates Working on AR/VR. 2021. Available online: https://www.cbinsights.com /research /ar-vr-corporate-
activity/ (accessed on 8 August 2023).

Arulananth, T.; Baskar, M.; SM, U.S.; Thiagarajan, R.; Rajeshwari, PR.; Kumar, A.S.; Suresh, A. Evaluation of low power
consumption network on chip routing architecture. Microprocess. Microsyst. 2021, 82, 103809.

Fernandez, R; Bleda, S.; Gallego, S.; Neipp, C.; Marquez, A.; Tomita, Y.; Pascual, I.; Beléndez, A. Holographic waveguides in
photopolymers. Opt. Express 2019, 27, 827-840. [CrossRef]

Jeon, J.E. The Effects of User Experience-Based Design Innovativeness on User-Metaverse Platform Channel Relationships in
South Korea. J. Distrib. Sci. 2021, 19, 81-90.

Dengel, A.; Igbal, M.Z.; Grafe, S.; Mangina, E. A review on augmented reality authoring toolkits for education. Front. Virtual Real.
2022, 3, 798032. [CrossRef]

Jian, S.; Chen, X.; Yan, ]. From Online Games to “Metaverse”: The Expanding Impact of Virtual Reality in Daily Life. In Proceedings
of the International Conference on Human-Computer Interaction, Virtual Event, 26 June-1 July 2022; pp. 34—43.

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.


http://dx.doi.org/10.1109/MCE.2020.3025753
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2580664
http://dx.doi.org/10.14742/ajet.7945
https://www.cbinsights.com/research/ar-vr-corporate-activity/ 
https://www.cbinsights.com/research/ar-vr-corporate-activity/ 
http://dx.doi.org/10.1364/OE.27.000827
http://dx.doi.org/10.3389/frvir.2022.798032

	Introduction
	Historical Background of Metaverse
	Discussion on the Potential and Progress of the Metaverse
	Potential of Metaverse at Workplaces
	Potential of Metaverse in Education
	Potential of Metaverse in Gaming Industry
	Potential of Metaverse for Entertainment
	Potential of Metaverse in Healthcare
	Potential of Metaverse in Governance an Politics
	Potential of Metaverse for Architecture
	Potential of Metaverse for Virtual Real Estate
	Potential of Metaverse for Fashion Industry
	Potential of Metaverse for Virtual Heritage and Festivals
	Potential of Metaverse for Diversity and Inclusion
	Metaverse, Blockchain, and Cryptocurrencies

	Trust, Ethics, Cognitive Load Issues
	Conclusions and Future Recommendations
	References

