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Abstract:

In recent years, metaverse has received widespread attention and is becoming a new wave
of innovation. It has gradually started to integrate into people's lives. Therefore, the
application of metaverse in various aspects of daily life are becoming increasingly
widespread and diverse. This study explores the development and impact of the metaverse
on various aspects of human life. By achieving these goals, the research aims to gain a
comprehensive understanding of the current status and identifying areas that require further
improvement. This study first introduces the background and evolution of the metaverse,
then conducts a literature review and analyzes its advantages in group activity offering side,
arts and self expression opportunities, sustainable experiences in VR travel and mass events,
as well as the disadvantages of the metaverse. To evaluate its practical significance, we
conducted real-life practices using the Meta Quest 3 VR headset to evaluate the performance
and user experience in multiple fields, including VR sports, videos, VR escape rooms, virtual
art galleries, VR tourism, mass events, and MR leisure activities. According to the results,
the metaverse can enhance the richness and convenience of people's lives by providing
immersive environments and eliminating physical limitations in reality. It can increase the
entertainment value of leisure activities, transform artistic expression, and promote
sustainable development, and so on. These findings help to better understand the current
applications and potential of the metaverse, offering important insights for its future
expansion.
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1 Introduction

In recent years, the concept of the metaverse has attracted considerable attention. Although
its concept was proposed a long time ago and has some applications, it was in October 2021
that metaverse became widely popular, when Facebook changed its name to “Meta” and
announced that its focus shifted from being primarily a social media platform to a broader
vision of building the "metaverse.” (Kraus et al., 2022). Since then, the number of core
articles related to metaverse research has shown an explosive growth trend. According to a
research based on data from Web of Science, the total number of core articles related to
metaverse research increased from 34 by 2021 to 921 by December 1, 2023 (Li et al., 2024).
Grand View Research's report (2023) predicts that by 2030, the global metaverse market will
grow to $936.57 billion. Currently, the main industries metaverse has touched are Gaming,
Digital Media, eCommerce, Advertising, Health and Fitness, Education, Live Entertainment,
Workplace. For the general public, common devices include VR headsets like Meta Quest
3, AR glasses such as Microsoft HoloLens, and even smartphones with AR applications.
Gaming consoles and PCs also serve as gateways to popular metaverse platforms like
VRChat and Fortnite. On an industrial level, advanced equipment like Varjo VR-3 headsets,
Magic Leap AR devices, and full-body haptic suits like Teslasuit are used for professional

training, simulations, and remote collaboration (Figure 1).

Figure 1. Teslasuit (Teslasuit, 2022)



The metaverse's accessibility spans from casual smartphone apps to sophisticated industrial
systems, reflecting its broad and evolving potential. Even tough, Meta as company was
previously known as Facebook and their social media marketing is one of the top platforms,
marketing has not penetrated metaverse in high scale, yet. It would be assumable, than in the
same way like social media branding (Happonen et al., 2021) and marketing skills are
nowadays already expected (Happonen et al., 2022) from young generations, this trend could
also move on to metaworlds (Ali et al., 2023) too soon. Big brands like Nike (Sun, 2024)
and Ralph Lauren (Seo et al., 2023), are already using metaworld platforms to boost their

product sales and marketing visibility efforts.

1.1 Background

Since the beginning of the 20th century, the concept of metaverse has been described by
many science fiction writers in various literary works (e.g. "Super-Toys Last All Summer
Long" by Brian Aldiss, "True Names" by Vernor Vinge) and movies like "The Matrix™ and
"2001: A Space Odyssey". One of the earliest and most comprehensive works to envision a
virtual world was the short story "Pygmalion's Spectacles,” published in 1935 by American
science fiction author Stanley G. Weinbaum. The protagonist immerses himself in the
fictional environment brought by a pair of goggles, which bring him a variety of visual,
auditory, taste, smell and tactile experiences. In 1994, the idea of the "Metaverse" was first
mentioned by science fiction writer Neal Stephenson in his novel "Snow Crash”
(Stephenson, 1994; Allam, Z et al., 2024). He envisioned a place where users could obtain

computer-generated bodies and experience various leisure activities.

Since the establishment of the ARPANET network in the late 1960s, cyberspace has been
developing rapidly in the following decades (Table 1). People have created a variety of
computer-mediated virtual environments, which are widely used in entertainment,
education, scientific research and business. This virtual environment has brought different
aspects and degrees of digital transformation to human society. But they are non-perpetual
and unconnected. In order to further promote the digital transformation of real life, people

created the term "Metaverse” (Table 2) . The term "Metaverse" is a closed compound,

combining "Meta,” a Greek prefix meaning "post,” "after,” or "beyond," with

"universe."(Mystakidis, 2022). This new type of virtual environment, unlike its



predecessors, is a perpetual and interconnected post-reality universe that blends the physical

and digital worlds.

Table 1. Development of cyberspace

Time Major development

1960s APPANET’s creation

1970s Development of TCP/IP protocol

1980s Introduction of Domain Name System (DNS)
1990s Birth of the World Wide Web (WWW)
2000s Rise of social media

2010s Big data and artificial intelligence

2020s Deployment of 5G networks

Table 2. Development of metaverse

Time | Major development

1962 | First VR machine called Sensorama was made by Morton Heilig

1968 | First head-mounted display (HMD) was made by Lvan Sutherland

1976 | Sega introduced haptic to gaming

1984 | Beginning of the commercial sales of VR equipment by company VPL Research

1997 | One of the successful massively multiplayer online role-playing games
(MMORPGS), Ultima Online, was made by Richard Garriott

2003 | Launch of Second Life, a popular user-generated content virtual world platform

2010 | A prototype for Oculus Rift VR headset was created by Palmer Luckey

2021 | Businesses enter Metaverse: Facebook acquired Oculus VR and rebrands to Meta

In the metaverse, each user possesses an avatar, a virtual representation that mirrors their
real-world self, allowing them to experience an alternative existence. Depending on how the
system is done, the avatar is given or can be modified by the user and it’s not always so that
player can see their own avatars. It’s more like a moving camera, and user can just see the

image from it. This duality is an analogy for the real world. According to Lee et al. (2021),



to achieve this duality, the development of the metaverse may progress through three
sequential stages: In the first stage of metaverse digital twin development, it involves the
large-scale, high-fidelity replication of physical entities and models in a virtual environment
(Mohammadi et al., 2017). These digital twins reflect the attributes of their physical
counterparts (Mohammadi & Taylor, 2017), including movement, temperature, and
functionality. And they have many applications such as personalized medicine and medical
device management (Bruynseels et al., 2018), factory simulation and optimization (Leng et
al., 2019), aircraft and spacecraft design and operations (Shafto et al., 2010). After the digital
twins are created, the second stage focuses producing native content. Content creators often
represented by avatars and participate in digital creation within the virtual world.
Simultaneously, an interconnected ecosystem—encompassing cultural, economic, legal, and
social norms—supports these digital creations (Bush, 2021). This ecosystem mirrors the
societal frameworks that support tangible and intangible goods in the physical world.
Nonetheless, research on these applications is still nascent, mainly concentrating on early
user interaction elements like input technologies and content creation systems (Jiang et al.,
2021; Nebeling et al., 2020; Thoravi et al., 2019; Mdller et al., 2016). In the third phase, the
metaverse evolves into a selfsustaining, enduring virtual environment that coexists and
interacts with the physical world, while maintaining significant independence. As a result,
avatars representing real-world users can engage in various real-time activities, supported
theoretically by the capacity to accommodate an unlimited number of simultaneous users

across different virtual environments.

Advancements in computer science are widely acknowledged for their crucial role in
enhancing and transforming human interaction, communication, and social exchanges in
daily life. From an end-user perspective, three significant waves of technological innovation
have been noted: the advent of personal computers, the rise of the Internet, and the
proliferation of mobile devices (Mystakidis, 2022). Currently, a fourth wave, known as the
Metaverse, is forming around spatial and immersive technologies like Virtual Reality (VR)
and Augmented Reality (AR) (Kamenov, 2020). This wave is expected to establish the next
ubiquitous computing paradigm, with the potential to revolutionize online education,

business, remote work, and entertainment (Mystakidis, 2022).



1.2 Objectives and goals

The main objective of this paper is to explore and evaluate the benefits and challenges of
various applications in the development of the Metaverse. This study aims to achieve the

following specific objectives:

1. Investigate the potential advantages of metaverse in group activity offering side (vr
escape rooms), arts and self expression opportunities (virtual galleries), sustainable

experiences in VR (virtual travel), and mass events.
2. ldentify limitations and challenges of metaverse.

3. Practical experience and evaluation of meta quest 3 VR headset in VR sports, videos,

VR escape rooms, art galleries, VR toursim, mass events, MR leisure activities

1.3 Structure of the thesis

This thesis consists of five chapters. The first chapter is the introduction, which mainly
introduces the origin and development history of metaverse. The second chapter combines
existing literature to discuss the advantages of metaverse in four applications: VR escape
room, virtual galleries, virtual tourism, and mass events, as well as the limitations and
challenges of metaverse. The third chapter describes the experience of using the meta quest
3 VR headset for practice and its user experience in different applications. The fourth chapter
is a discussion of the practice results, exploring the practical implications and limitations of
the practice. The last chapter summarizes the research and provides suggestions for future

development.



2 Literature reviews

2.1 Group activity offering side (escape rooms)

One of the interesting applications of Metaverse is Group activity like escape rooms (Figure
2). This kind of virtual escape rooms could provide participants opportunities to let them
engage in problems-solving, teamwork, and immersive experiences. These experiences

simulate physical escape rooms in a virtual environment.
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Figure 2. Red Matter; The Room VR: A Dark Matter; The 7th Guest; | Expect You To Die

Virtual escape rooms in the Metaverse are digital adaptations of physical escape rooms. To
"escape" from the virtual scenario, players need to collaborate, solving puzzles and
overcoming challenges within a predetermined time limit. Users can enjoy a highly
immersive experience by using VR headsets and other devices. Digital technology allows
people to experience places that would otherwise be inaccessible, such as inside a submarine,
the control room of the Chernobyl nuclear plant, the president's room in the White House,
Air Force One. It also enables immersion in iconic spaceships from movies like Battlestar
Galactica, Star Wars, and Star Trek, as well as historical sites like the pyramids during the
golden age of Egypt. The unlimited, surreal, personalized and immersive experience that VR
brings to the virtual escape room provides participants with a unique user experience,

allowing them to gain a sense of presence and immersion even at home.



Limitless possibility of VR scalability

Theoretically, with infinitely good VR device performance and unlimited virtual space, the
number of concurrent users in VR escape rooms can be unlimited. But a good escape room
needs to consider the convenient play experience. Therefore, the virtual escape room can
avoid the number of people limited by the limitation of physical capacity. Currently, there
are VR escape rooms available that allow participation by hundreds of people. However,
such large-scale rooms often require participants to be divided into small groups of no more
than 8 people (Cypher VR, n.d.; Masson, 2021). Having too many participants can easily
affect the game experience, so the VR escape rooms that provide the best interactive

experience typically allow 1-8 participants.

Besides the number of participants, the age of participants is also unrestricted. The term
"unrestricted" here does not mean that all escape rooms are without limits, since some escape
rooms have some scary or visually harsh content that is restricted to a certain age. Instead, it
means that there are suitable VR escape rooms available for users of different age
(Virtropolis VR, n.d.). Compared to physical escape rooms, people of different ages can

more easily find a virtual escape room that suits their ages.

Virtual rooms have many themes for players to choose from (Figure 3), while physical rooms
generally have only a few limited themes. This increases the playability of the user and
expands the user base. It can provide a variety of theme options for users of different ages

and preferences.

VIRTUAL

ESCAPE

Virtual E.scape Adventures

Choose a category:

®© All VR Adventures
D Virtual Reality Newbies e
O Family Adventure 38
D VR immersive Cinema #
Horror Escape Games ¥&
D Videogame Fans
) Riddle Lovers ®

) VR Lasertag/Dodgeball 4.0 =%

Figure 3. a website provides many various categories of VR escape adventures (Virtual

Escape, n.d.)



Moreover, each theme often has many different scenes and rooms. Since physical rooms
need to occupy physical space, the space users can move is limited. However, virtual rooms

have unlimited moving space for each theme game, which makes them more playable.

Virtual escape rooms also have no time or location restrictions. Users don’t need to be at a
specific time or place to participate in the escape room, which increases its flexibility and
convenience. People can even experience history in a virtual environment, such as playing

in environments with dinosaurs.
Hyperreality in connection of real and virtual

It is well known that many escape rooms are created based on the real world. Virtual worlds
may be based on reality or completely disconnected from it (Barroso, 2019). VR technology
can achieve hyperreality in escape rooms, creating experiences that would not occur in
reality while providing sensory impacts indistinguishable from the real world. The "Alice in
Wonderland Escape Room" is an example that creates a magical world. In this VR
experience, players can change their body size to solve puzzles while interacting with the
cartoon characters of this world (Virtual Escape Games, n.d.). These hyperreal elements

enhance the sense of immersion and challenge players' perceptions of reality and fiction.

Another example of hyper-reality in VR escape rooms are themed experiences such as
Ghostbusters: Dimension. Ghostbusters: Dimension is a VR escape room developed by The
Void and Sony. It combines elements of VR gaming and immersive theater to give users the
feeling of being in the Ghostbusters, using proton packs and laser guns to track and trap
supernatural monsters in a New York apartment building (Cooney, 2016). The combination
of physical and virtual environments provides users with a multi-sensory immersive

experience.
Personalized experience and adapted narratives

Acrtificial intelligence enhances the virtual escape room experience by generating adaptive
puzzles and narratives that respond to the player's abilities and preferences in real time. This
ensures that each escape room session is unique and tailored to the participants, providing a
unique and constantly adapting challenge. The Break-in, a VR escape room announced by
The Park Playground, uses generative Al to immerse users in a fully interactive, personalized

story that encourages users to use lateral thinking to solve puzzles (Lane, 2023). Moonshot



by Reason is another advanced VR escape room. It equips each team with an Al assistant to
complete tasks. There is also a live host who interact with real-life avatar and design a lunar

escape (Reason, n.d.). Each team of this escape room could have a unique escape experience.

2.2 Arts and self-expression opportunities (virtual galleries)

A new mode of artistic creation, appreciation and purchase

The metaverse provides a transformative platform for digital art (Figure 4). Artists can
experiment with virtual reality, augmented reality, and mixed reality to create art that offers
audiences immersive, multisensory experiences beyond traditional media. The digital nature
of virtual galleries encourages experimentation and innovation, providing artists with the
means to transcend traditional art boundaries and delve into innovative creative possibilities
(Lu, 2023). It also offers audiences a novel art appreciation experience, breaking the

conventional way of visiting art galleries.

Figure 4. The left image shows Tilt Brush — painting from a new perspective (Google,

2016). The right image shows Virtual art gallery — expressionist painting by Carlos
Monteiro (2017)

Many painters are committed to converting artistic expression from 2D to 3D. But this is
difficult to achieve at the physical level. In the metaverse, artists can create three-
dimensional paintings, and audiences can interact and experience these paintings in a three-

dimensional space that seems to exist in real life. It is not limited to the enhancement of
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visual effects, but also includes enhancing the user experience by simulating touch, sound
and smell, making the artwork more vivid and multi-dimensional. For example, viewers can
"walk into™" a painting, explore details from different angles and distances, or experience
specific environmental effects set by the artist, such as light and shadow changes,
environmental sound effects, etc. This digital 3D method of accessing artwork will bring a
revolutionary change to people's art appreciation. Digitalization allows new levels of
collaboration between engineers and artists (Happonen, 2015). Additionally, these digital
3D art works, could also be converted back to real life digital copies, with additive
manufacturing and 3D printing technologies. Also configured unique versions (Widmaier et
al., 2013) can be made, in the same digital to physical process (Piili et al., 2013).

Traditionally, art galleries and museums have displayed artworks in fixed positions for
visitors to admire on their own. However, this static display fails to ignite curiosity, lacks
personalized interaction, leaves visitors detached, and makes educational content feel
trapped in the past (XR Vizion, 2024). It's hard to captivate a generation accustomed to
interactive digital content. Despite some institutions incorporating technology like audio
guides and multimedia displays, there is an increasing demand for interactive, participatory,
and hands-on experiences (XR Vizion, 2024). To maintain their relevance and appeal, art
galleries need to integrate technology, increase interactive elements, and provide tailored

experiences that connect with contemporary audiences.

However, many inventions have now emerged that provide a great direction for art galleries
and museums to transition from static to dynamic, gradually approaching visitors and
increasing interactive fun. XR Verzion crafts lifelike, interactive virtual experiences and
digital twins, integrating Al-powered avatars to enhance engagement (XR Vizion, n.d.) .
Their team has made it possible for viewers to use artificial intelligence to reimagine the
original appearance of the Winged Victory of Samothrace and interact with it. Users can
activate an AR overlay featuring meticulously designed 3D reconstructions of the original
structures by scanning objects with a camera. Discover a unique experience at the Musée
D’Orsay’s “Van Gogh in Auvers-sur-Oise” exhibition in Paris with the remarkable
generative Al project “Hello Vincent.” It is developed by a startup specializing Jumbo Mana
(XR Vizion, 2024). This groundbreaking initiative allows visitors to have individualized

interactions with Vincent Van Gogh. Utilizing a compilation of 900 letters, "Hello Vincent"
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offers thoughtful answers to questions posed by guests. This project continually learns and

improves, enriching each interaction.

In addition to art creation and appreciation, there is a new way to buy art. People can buy
virtual art in virtual art galleries. Compared with physical paintings, it allows collectors from
all over the world to purchase without physical shipping. At the same time, a painting can
be purchased by multiple people, unlike the uniqueness of traditional paintings. Moreover,
it does not require physical storage space to store paintings, which is very suitable for people

with limited space.
Immersive interaction and engagement with art

The engagement between a piece of art and its viewers is often considered a component of
the artwork itself. From the perspective of the audience, this engagement can be seen as the
interaction between them and the artwork. For the artist, they can receive the feedback from
the interaction between audiences and artwork quickly, allowing for immediate
understanding of the audience's reactions. Thus, through this interaction with the artwork,

the audience achieves the intended purpose of technical interactivity (Guo et al., 2024).

For example, the Museum of Pure Form utilizes these technologies to create an interactive
experience. Statues are digitized through scanning and then showcased in a virtual museum
on a 3D stereo screen. Visitors can explore the shapes of these artworks using a specialized
haptic device, equipped with a two-contact-point mechanism and mounted on an
exoskeleton. This technology allows interaction with the sculptures, which would typically
be off-limits to touch in traditional museums (Loscos, 2004). This system was tested in a
CAVE-like setup, showing positive user feedback for the haptic device's use in this context.
This interaction enhances the user experience while protecting the artefacts. An experiment
by Tatenda et al. compared a traditional museum experience with a museum experience
using an AR mobile app. The results showed that engagement using the AR app increased
overall engagement, which suggests that AR technology can enhance visitors’ museum

experiences and have a positive impact (Tatenda, 2023).
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2.3 Sustainable experiences in VR (Virtual travel)

Tourism is often heralded as a powerful driver of economic and social progress. Yet, an
overwhelming influx of tourists can inflict considerable harm on the local environment,
cultural heritage, and even economic stability, leading to significant adverse effects
(Lacitignola, 2007).

In contrast, VR tourism offers a pathway to sustainable development. For those who cannot
travel because of physical impairment for movement or not having money to visit places
where they would love to go, metaverse provides them with a new, economical and
convenient way to travel. It also enables people to explore delicate ecosystems, such as

wetlands, without jeopardizing the natural landscapes of these destinations.

The effects of tourism on a destination arise from the intricate interplay interactions between
visitors, local communities, and the surrounding landscapes (McMinn, 1998). This dynamic
interaction involves a complex relationship among visitors, hosts, and the environment,
which collectively shape the destination's overall impact. While tourism serves as a catalyst
for development, it simultaneously threatens to deplete both renewable and non-renewable
natural resources, thereby degrading the quality of ecosystems (Lacitignola, 2007).
Consequently, the United Nations World Tourism Organization, along with numerous

scholars, considers tourism a crucial goal for sustainable development (Rosato, 2021).
Protecting natural environment

Virtual reality (VR) offers significant potential for promoting environmental sustainability
by reducing the need for physical travel. This type of reduction can help reduce the amount
of carbon that is currently being used to transport things. According to a study by Ferrise et
al. (2021), VR can encourage sustainable behaviors by immersing user in realistic
simulations that demonstrate the environmental consequences of travel, among other things,
and eventually encouraging users to make more eco-friendly choices. Meanwhile, virtual
tourism allows people to travel without going outside, significantly reducing the carbon

footprint generated by using transportation.

Experiential research in travel include exploring virtual destinations, hotels, attractions, and

artifacts, enabling examination and interaction with them.
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The Mediterranean region is one of the world's top tourist destinations. Annually, millions
of people visit the Mediterranean coasts, with projections suggesting that this number could
reach between 235 and 355 million by 2025 (Lacitignola, 2007) . This development trend
will severely impact the local ecological balance. Virtual tourism can help alleviate the
burden and damage caused by large numbers of visitors at popular tourist sites, contributing
to their sustainable long-term development. In addition, the Western Mediterranean region
experienced an unusually early heat wave in April 2023 due to global warming (Lemus-
Canovas et al., 2024). This climate change not only has an impact on the local environment,
but also changes people's travel choices. Therefore, virtual tourism might be part of the

future.

Virtual tours of historic sites and attractions became especially popular during the pandemic,
featuring locations like ancient Egyptian sites, Petra, the British Museum, the Louvre, Frida
Kahlo’s house, and the White House (El-Said et al., 2022). Technologies also allow for the
recreation of ancient sites that no longer exist (such as ancient Roman spaces and traditions)
and both extant and extinct museum exhibits (like the world’s first photographic exhibit)

(Godovykh et al., 2022, Tennent etal., 2020).
Promoting cultural exchange

VR can also play a role in promoting the broader dissemination of culture through virtual
travel. Users can enhance their understanding and appreciation of culture by immersively
experiencing local cultural heritage sites and events without needing to be physically present.
This mode of travel can attract more people to learn about cultures worldwide, breaking the
barriers of distance and economic constraints that previously limited travel. Many wilderness
areas and national parks are overwhelmed, allowing only a limited number of visitors
through a lottery system (Quintos, 2021). VR tourism can effectively solve this problem. It
can protect the environment and allow people to visit local places remotely without limiting
the number of people. Since virtual tourism allows visitors to visit some places that are
difficult to visit in reality, visitors can gain a deeper understanding of a wider range of

cultures and promote the dissemination of cultures in different regions (Zeng, 2022).

VR also has a pivotal contribution to preserve and promote our intangible cultural heritage.
For example, VR experiences can document and showcase traditional customs, festivals, and

crafts that may not be accessible to global audiences. Not only will this allow current
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traditions to be preserved for future generations, it may also result in fostering cultural
diversity and intercultural conversation. Moreover, the virtual recreation of endangered
cultural sites could help with its preservation too. It offers a new way how people can

experience the site and also study it (Talafubieke, 2021).
Tourism & economic growth stimulation

The tourism industry is a powerful global economic driver (ur Rehman et al., 2024).
According to the latest annual research from the World Travel & Tourism Council (WTTC)
in 2024, the tourism industry accounted for 9.1% of the global GDP in 2023. From an
economic perspective, VR has the potential to revolutionize the tourism industry by creating
new revenue streams and reducing costs. This type of virtual tourism can increase visitor
numbers and lengthen visitor stays by increasing visitor engagement and satisfaction

(Sotiriadis et al., 2022), thereby increasing local tourism revenue.

VR tourism can attract many tourists who would not be able to travel in person. This
inclusion promotes virtual visits to destinations that are difficult or lesser known to tourists,
boosting the economy while distributing economic benefits more widely. Tourism is one of
the industries most susceptible to the impact of a pandemic outbreak (Schiopu et al., 2022).
The outbreaks of major pandemics, such as SARS in 2003 (World Travel and Tourism
Council, 2003), Ebola in 2014 (Turner, 2018), and COVID-19 in 2019 (Skare et al., 2021),
led to a significant decrease in tourist numbers. This downturn resulted in many tourism
industry workers facing unemployment and caused severe economic losses (Zheng et al.,
2021). During the COVID-19 pandemic, after being closed for over 70 days, the Palace
Museum launched a series of online events titled "Traveling in the Palace Museum," which
attracted over 100 million online visitors (Zhang et al., 2022). Virtual tourism, through this
method of remote visits, has increased the number of visitors to attractions, thereby
improving the tourism industry and promoting sustainable economic development. In
addition to the direct revenue it brings, the economic benefits of virtual tourism also include
reducing the pressure and maintenance costs of infrastructure required to support physical

tourists.
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2.4 Mass events

Enhancing safety and reducing risks of accidents

One of the most significant advantages of the metaverse in mass events, such as concerts,
sports events, and clubs, is its ability to enhance safety and reduce the risk of accidents.
Traditional physical events often face challenges related to crowd management, such as
overcrowding, stampedes, and other accidents resulting from large gatherings. By shifting

these events to a virtual platform, many of these risks can be mitigated.

In the metaverse, participants can enjoy the experience of being part of a large crowd without
receiving physical harm from the real words. Virtual spaces can accommodate an unlimited
number of participants, and people do not need to worry about physical space limitations or
safety risks caused by dense crowds. This virtual environment can be particularly beneficial
for high-demand events like major sports finals or concerts by popular artists, where the risk

of overcrowding is significant.

In addition, metaverse can help skip super expensive trip, hotel, food etc. costs, as well as
the time wasted in various unnecessary queues. Many mass events have a large number of
people, and participants need to wait long time to enter, exit, go to the toilet and so on. The
metal band Metallica arrived in Helsinki in June 2024, causing special arrangements and
traffic jams. At the Olympic Stadium, where the concert was to take place, 1,000 people
reportedly lined up for the same toilet (Mattila, 2024). Virtual concerts could alleviate or

even prevent this situation.
Enhanced fan engagement and experience

In addition to safety, the virtual universe also provides a very novel way to enhance the
overall experience and engagement of fans in mass events. In traditional environments, fans
are often restricted by venues, time, etc. in many events. However, the virtual universe
breaks these barriers and provides fans with a remote immersive and interactive experience,
thereby greatly improving their engagement. Whether people are at home, on the move, or
on the other side of the world, virtual concerts eliminate geographical barriers, providing a
global stage for music enthusiasts. Everyone could enjoy it from the optimal vantage point

and share this experience with friends worldwide, forging collective memories even when
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physical connections were impossible (van Rijmenam, 2022). Metaverse makes these events
are easy to attend to. Children, for instance, do not need their parents' permission since they
can participate from home. Moreover, they can attend concerts in their favorite outfits or as
characters, using avatars to extend their real-world personalities, thus enabling ultimate self-

expression.

Artists can host full virtual concerts, tours, and fan meetups in the metaverse, allowing fans
from anywhere in the world to feel like they have a front-row seat. Many virtual concerts
include interactive elements, such as live chats, Q&A sessions, and virtual meet-and-greets,
enabling fans to engage directly with the artists. These interactions offer a unique chance to
connect on a personal level and gain insights into the artists' creative processes (ME-QR,
2024).

In sports, the metaverse can transform how fans watch and interact with live matches. AR
overlays can provide additional context to games, enhance referee accuracy, and offer fans
innovative ways to engage with their favorite teams (Solon, 2022). Utilizing high-speed data
and low latency, VR headsets enable fans to fully immerse themselves in the action, whether
at a basketball game courtside or pitch-side at a soccer match. The seamless virtual
experience enabled by 5G delivers unparalleled detail and immersion. Capturing every
nuance, from the intense dynamics of the game to the roar of the crowd, it makes fans feel
like active participants instead of just spectators (Nguyen, 2024). Viewers can get a closer
look at the game with ball tracking and other details in the VR/Metaverse digital twin. AR
and VR also enable broadcasters to create a more interactive and immersive viewing
experience. For instance, AR technology has the capability to superimpose virtual graphics
and information onto the screen. This feature could provide extra details and context
regarding the game or competition, thereby enriching the viewing experience for the

audiences (Barca Innovation Hub, 2023).

According to Altman Solon (2022), the National Hockey League (NHL) has launched NHL
Edge, an AR feature that provides an overlay showcasing player statistics, skating speeds,
and advanced probability odds for viewers on smartphones. This AR integration for live stats
aligns with the research findings of Altman Solon, where surveyed sports fans expressed a
strong interest in live stats and player data as appealing uses of AR in sports. In China, 66%

of sports enthusiasts are willing to pay for VR game viewing. Considering the NBA has
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around 300 million fans in China, offering a courtside experience without leaving their

homes presents a significant opportunity (Solon, 2022).

2.5 Limitations and challenges of metaverse

Cybersickness in virtual reality

While using VR devices, users may encounter a range of discomforting symptoms,
commonly known as cybersickness (Page & Lukosch, 2023). This issue has been recognized
since the early days of VR system development (Ramaseri Chandra et al., 2022). Users may
experience symptoms such as dizziness, nausea, headache, eyestrain. It is currently an issue
that needs to be considered in the development of virtual reality for widespread acceptance.
One study showed that a significant proportion of VR users, ranging from 20% to 80%,
have experienced cybersickness at least once (Kim et al., 2008). In addition, motion sickness
can also limit the overall usability of VR systems. User experience may be greatly reduced

by cybersickness when wearing VR glasses.
Technical and accessibility challenges

Metaverse projects are complex and require a considerable degree of coordination and
technical proficiency. Major technical challenges include integration, scalability,
interoperability, and the time-consuming nature of large-scale implementation (Tukur et al.,
2023). Besides, the need for high-end hardware and software compatibility, can pose
significant barriers. Compared with real-world visuals, its low resolution, limited field of
view, and latency issues can also affect the user experience, making it difficult to achieve an

immersive sense of reality.
Limited social interaction

Long-term immersion in virtual worlds can lead to social isolation, as the immersive nature
of the technology can reduce real-world social interaction. While VR can simulate social
interaction, it cannot replace the spontaneity and depth of real-life encounters with a variety
of people and things. This can lead to feelings of loneliness, which is often associated with

negative mental health conditions such as depression and anxiety (Tukur et al., 2023).
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Privacy and data security concern

The privacy and security of the Metaverse has always been a concern. It can be envisioned
as a virtual world that emulates the physical one. Activities typically performed in the real
world, such as shopping, socializing, attending events, and gaming, can be carried out in a
distinct manner within the Metaverse. Individuals represent themselves in the real world
through their physical presence and, in the digital realm, through their personal data.
Consequently, the Metaverse relies on personal data to build and sustain this virtual
environment (Canbay et al. 2022). This reliance raises significant privacy concerns for users
within the Metaverse. Users' interactions, movements, and even biometric data can be

tracked, creating the possibility of abuse and data leakage.
Digital divide

The differences in access to and use of digital technologies such as the Internet and
computers among different groups of people in different regions are often referred to as the
digital divide. Factors including income, education, geography, and demographics
contribute to these inequalities, leading to uneven access to the benefits and opportunities
provided by digital technology (Tukur et al., 2023).

Digital divides can create barriers in the setting of the metaverse by limiting access and
participation for certain groups of people. For example, currently the hardware or software
required to access the Metaverse is expensive or requires a high level of digital literacy.
However, this will limit the use of those who cannot afford it or do not have the necessary
resources or abilities, which may result in some people being unable to access the Metaverse.
Therefore, leading to an uneven participation. Moreover, digital inequalities within the
metaverse can result in discrimination against individuals with disabilities, especially those
who are blind or visually impaired. Without inclusive design and support for assistive
technologies like screen readers, visually impaired individuals may find it challenging to
interact with the metaverse (Tukur et al., 2023). Therefore, inclusive design is necessary to

ensure equal access and participation for all users.
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3 Metaverse in real-life practice

This study tested the experience of metaverse applications in different fields. Meta Quest 3

is selected as the testing tool.
Performance of Meta Quest 3 VR headset

Quest 3 is comfortable to wear and does not put a lot of strain on the head. It provides a
smoother frame rate and better graphics for games. The sound effect is good and creates an

immersive feeling for users.

When using it, users need to adjust the distance and position of the headset and lenses relative
to the pupil of the eye to ensure that the lenses match the pupil of the eye perfectly, which
helps with the clarity. This also enables even people who wear glasses to use VR headsets.

Slight deviations in adjustment are forgivable.

Each time the device is used, it scans the surrounding environment and sets the range of

movement to prevent the user from touching walls (Figure 5).

Figure 5. Boundary setting

Although the clarity of the user in VR can be adjusted to achieve the best effect, the limitation

of the lenses causes the real world seen through the camera is not very clear. For example,
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it is difficult to see the content clearly on the mobile phone screen when using Quest 3. The
headset displays 25 pixels per degree, whereas humans can see 60 pixels per degree.

Therefore, this gap causes some pixilation.

The battery life of the Quest 3 remains about 2 hours of gameplay per charge, which mainly
depends on the specific activity. It took about 2.5-3 hours for the device to be fully charged
from the low battery warning. Using the headset while charging can only slow down the rate

of battery consumption, but it cannot increase the battery life by charging while using it.

Using Quest3 didn't produce very serious cybersickness. But using it for more than about
half an hour would start to feel a bit tired and require a break to continue. This varies

depending on individual physical conditions.
VR sports

Compared to real-life sports, virtual sports can bring a lot of convenience to people in many
special situations(Happonen et al., 2019). People can’t do sports due to injuries could use
VR to meet their needs to continue exercising. Also, in rainy days or when courts are
unavailable, VR sports are a good choice, allowing people to exercise at home without taking

up a large space or finding a specific place.

Virtual sports like “Eleven table tennis” and “First Person Tennis” allow users to match
opponents online (Figure 6), solving the situation of those who cannot do sports alone

without partners in reality.

Figure 6. Eleven table tennis
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The experiment also tested boxing and outdoor rock climbing, which are high-risk sports in
reality and can easily lead to injuries or even death, but they can allow users to exercise
without any injuries and be deeply involved in them in VR. "The Climb" is an outdoor rock
climbing game. Users can experience real outdoor rock climbing in the virtual world. Even

if they fall from a high place, they will not be injured (Figure 7).

Figure 7. The Climb

Although some sports skills can be learned in the virtual world, these skills are often more
theoretical. For example, it is very difficult to achieve the same training effect as in reality

in terms of strength and speed.
Leisure videos

Users could use VR headset to watch videos such as movies, tv series, short videos and so
on. Theses videos are mainly divided into two categories, panoramic videos and flat videos.
Panoramic videos can achieve a completely immersive viewing experience visually, making
the audience feel as if they are in the movie, which can surpass the visual effects brought by
3D movies in the cinema. Flat videos create a comfortable virtual environment for those who
do not have a good viewing environment at home. Users can adjust the brightness of the
screen and enjoy a massive screen even if users don't have the space at home. Users could

even watch something when they're doing housework or when they're on a train, a plane.
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However, long-term use of VR headsets can cause dizziness, which affects the experience

of long-term viewing.
Virtual Reality escape rooms

Unlike traditional escape rooms, VR escape rooms allow users to experience at home.
Escape rooms often have many intricate mechanisms, and traditional escape rooms require
a significant amount of physical materials for set design. Virtual escape rooms eliminate the
need for this material consumption. In common real-life scenarios, VR escape rooms do not
have much advantage over physical escape rooms in terms of user experience. One of the
major benefits of virtual escape rooms is the ability to create some surreal elements or scenes.
For example, "The 7th Guest”, a horror-themed escape room. The ghosts, illusions, magic
hats and other elements that appear in the game add a terrifying and fantastical atmosphere

to this escape room (Figure 8), which is impossible to implement in a physical escape room.

Figure 8. The 7th Guest (A Wolf in VR, 2023)

In addition, compared with Personal Computer-based escape rooms, VR escape rooms create
a three-dimensional, immersive environment that makes players feel as if they are truly in

the game setting.
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Virtual galleries

The emergence of virtual art galleries allows many people to visit at any time without having
to actually go there. Although viewing artworks in real life is obviously more beneficial for
closely observing the texture details of the artworks, it still looks well in VR, especially on
the quest 3 with the high resolution. In addition, a very special part is that in some virtual art
galleries, users can walk into the paintings, and the scenes in the paintings will move. It

seems like they have walked from a 2D painting to a 3D world (Figure 9).

Figure 9. Moving painting

Although users can't really do anything in it, but there are things moving slightly and users

can look around as if there are really in it.
VR tourism

Metaverse has also made a lot of progress in the field of tourism. Most virtual tours are
synthesized by taking photos or videos in advance. Users can experience travel to different
places in the comfort of their homes without spending time on the road. Just operate the
handle to switch scenes, users can fly from Europe to Africa. Traveling involves a lot of

activities such as climbing and shopping. Virtual travel allows users to enjoy the scenery
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while avoiding fatigue caused by long-term walking. Additionally, virtual tourism allow
people to see many scenes that are not usually seen (Figure 10). For example, the underwater
world, steep peaks, and even enjoy the winter scenery in summer. Virtual tourism can
provide text descriptions of the scene next to it (Figure 10), so that users have an intuitive
and comprehensive understanding.
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Figure 10. VR travel

Although virtual tourism has greatly improved the convenience of travel, it cannot fully
replace the complete experience of traditional tourism. Traditional tourism is not just about
viewing attractions, but also about interacting with the local environment, such as contact
with local flora and fauna, tasting local food, communicating with people, etc. These are

currently unattainable in virtual tourism.

Mass events

Many offline mass events are crowded, requiring people to pay for the best viewing positions.
VR allows people to avoid the crowds of such mass events and take a front row position,
have the ability to jump from camera to camera. Compared with TV, VR can provide clearer
3D perspective effects and higher video quality in sports games and concerts (Figure 11).
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Figure 11. Concert in VR

Xtadium is a platform on meta that can watch VR sports. Users are allowed to invite friends
to watch the game together, and it is free. In addition, the camera can be manipulate in
different ways that makes the experience much better (Figure 12). For examples when
watching free throws, users can be put behind the free throw line so they can see athletes

taking their shots clearly.

Figure 12. Control room experience (. Xtadium VR, n.d.)
MR leisure activities

There are many applications that make use of the room scanning feature on Quest 3,
combining virtual reality with real life to provide users with a brand new experience. There

are many applications that help with learning, such as PianoVision, which can help learn
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piano by placing a virtual keyboard on the keys of a real piano and having virtual notes come

towards users to guide them to play the right note at the right time (Figure 13).

Figure 13. PianoVision (VR Lowdown, 2024)

There are also some applications for creatively building models, art creation, and fun games
in mixed reality. For example, Track craft, LEGO Brick Tales, First Encounters, Figment
VR. Users can create or interact with virtual things that actually incorporate the real-life
furniture and features in the real room (Figure 14), such as driving little virtual cars from the

sofa to the table, painting the walls, etc.

Figure 14. First Encounters

Users do not need to worry about whether they will take up room space, whether they need

to clean up the room after entertainment, or even spend any materials to create some works.
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4 Discussion

This chapter delves into the practical implications of the metaverse and the limitations of the
study.

4.1 Practical implications

Practice shows that the metaverse is currently developing well in many fields, such as sports,
escape rooms, art galleries, travel, concerts, sports events, MR leisure activities and so on.
It allows people to break through physical boundaries and realize real or surreal things in the
virtual world. Some activities in the real world are limited by the number of participants,
cost, distance, venue space, and weather, but these limitations can be overcome in the
metaverse. This enables users to challenge things in the virtual world that are difficult or
impossible to achieve in real life. This ability to overcome real-world limitations highlights

the transformative potential of the Metaverse to enhance and diversify the human experience.

Although the metaverse provides people with immersive experiences and improves their
lives, it still cannot replace many activities, especially those involving interaction with the
real environment. Furthermore, regarding the experience of the Meta Quest 3, its battery life
is only about 2 hours, and the charging time is about 2.5-3 hours, which significantly limits
its daily usage time. Cybersickness caused by long-term wearing also makes it difficult for
users to wear it for a long time. Despite the virtual image quality of the Meta Quest 3 is clear
enough to achieve an immersive effect, its Passthrough feature still lacks clarity in terms of

image quality, although it does not affect the use of most functions.

4.2 Known limitations of the study

This study has some limitations, which limit the completeness of the results. First, the
practice only used the Meta Quest 3 for testing. Since different models of headsets vary in
functionality, the test results only reflect the functions of the Meta Quest 3. Meanwhile, there

may be differences in performance between devices of the same model, so the analysis of
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battery life, charging time, and image quality only represents the performance of the tested
device. Besides, because only one headset was available, the application experience was
primarily focused on visual and auditory aspects, which leads to limitations in the multi-
sensory experience. Typically, the user experience of the metaverse involves subjective
feelings. However, since practice did not conduct extensive user surveys in this part, the

study has aimed to provide a detailed description from an objective perspective.
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5 Conclusion

This study explores the modern positive experience opportunities of various applications
provided by the metaverse and identify the main challenges metaverse are meeting. To
achieve these objectives, study uses literature review and real-life practice to conduct

research.

Through literature review, the author analysed current status of VR escape rooms, VR
tourism, virtual galleries and large-scale events, and identify the main limitations and
challenges in the metaverse. VR escape rooms, with their flexibility, scalability, hyper-
reality, and personalized experience, provide users with an immersive and unique experience,
solving the limitations of traditional escape rooms in terms of venue, content form, and
theme selection. Virtual galleries provide a new mode of artistic creation, appreciation and
purchase, breaking the traditional art form. The development of Metaverse in multi-sensory
experience also brings more possibilities for the development of VR in galleries and
museums. Virtual tourism offers a sustainable alternative to traditional travel by reducing
environmental impact and providing visitors with the opportunity to remotely visit cultural
and natural sites. This approach can help people better protect fragile ecosystems, promote
cultural exchange, and stimulate economic growth, making it a viable solution for the future
of tourism. Virtual worlds improve safety and reduce risk at large events by eliminating the
physical dangers associated with crowds. It also significantly enhances the experience of
mass events such as concerts and sports games through immersive and interactive virtual
environments. Audiences around the world are able to participate in the event up close with
family and friends. Although Metaverse has brought a lot of convenience and improved
people’s lives to a great extent, there are still some limitations. Cybersickness, technical
challenges, limited social interaction, privacy concerns, and the digital divide are significant
barriers to the metaverse. Addressing these issues is crucial for ensuring an inclusive, secure,

and immersive user experience.

In the practice of this study, Meta Quest 3 VR headset was chosen as the experimental tool.
The practice mainly tested the performance of the equipment and the user experience of the
metaverse applications in VR sports, videos, Virtual Reality escape rooms, virtual galleries,

virtual tourism, mass events, and MR leisure activities. The experiment shows that metaverse
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can improve user experience in different fields by eliminating various physical conditions,
but it cannot completely replace people's real life, especially in the interaction with the real
environment. In addition, the cybersickness caused by long-term use of experimental
equipment and its battery life and charging capacity also limit its usage time, which may
have a great impact on people’s virtual experience. However, the experiment also has some
limitations. Due to limited conditions, study did focus on the Meta Quest 3 device, so the
experience of using the device performance only represents Meta Quest 3 in the vision. The
experience of using various applications in the metaverse can only be described from the
visual effect, lacking other multi-sensory descriptions. In addition, the practice does not
collect the feelings of a large number of users. The user experience of the practice cannot
collect subjective feelings but tries to describe the user experience from an objective

perspective.

With the development of the metaverse, its impact on people's lives will become increasingly
significant. In the near future, research could still contribute more into the studies of social
interactions and technology development (Usmani et al., 2024), how metaverse experience
and drivers for citizen participation (Palacin et al., 2020) could be combined and e.g.
considering physical assets fleet level management knowledge (Kinnunen et al., 2019), how
one could push the high level asset management operational process into virtual worlds too?
All in all, this paper summarizes the development of the metaverse, the benefits it brings to
various applications, and the challenges it faces. To promote the transformative development
of metaverse on people’s lives in the future, it is necessary to further research and optimize
its technical performance and improve the user experience of devices to realize its

comprehensive positive impact on society.
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