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ABSTRACT 

This paper aims to study the concept of the metaverse as reflected in the Three-Body game in the TV series The 

Three-Body Problem, as well as the current development status of the metaverse in the real world. Firstly, the Three-Body 

game in The Three-Body problem is analyzed and explained to uncover the underlying metaverse knowledge. Then, 

through a literature review, the implementation and application scenarios of the metaverse in various industries are inves-

tigated from the databases Web of Science and Scopus, using keywords such as “metaverse”, “Three-Body”, “virtual 

world”, “virtual reality games”, and “human-computer interaction”. Nearly 10,000 relevant articles were retrieved, and 

20 articles were selected for in-depth qualitative and quantitative analysis. Subsequently, the content of the literature is 

summarized from three aspects: the current development status of the metaverse, advancements in virtual reality technol-

ogy, and advancements in human-computer interaction technology. The application status and technological progress of 

the metaverse in various industries and the existing technological limitations are discussed. By extending the concept of 

the metaverse from science fiction, this paper provides research ideas for the future development of the metaverse. 
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1. Introduction

A few years ago, Liu Cixin, a science fiction 

writer, conceived the concept of the “metaverse” in 

his The Three-Body Problem series of works[1]. With 

the rising popularity of the concept of the 

“metaverse”, people once again focus on this 

groundbreaking domestic science fiction work, The 

Three-Body Problem[2–4]. In the world of The Three-

Body Problem, humans on Earth struggle to survive 

against the technologically advanced Trisolarans, 

who are located four light-years away. Earth’s civili-

zation is pushed to the brink and is forced to take ex-

treme measures to mutually destroy each other. This 

work depicts an imaginary world, a broad concept of 

the metaverse[5–7]. The survival and development of 

civilizations require vast resources, and conflicts 

arise among civilizations as they compete for re-

sources, resulting in fierce interstellar wars. In each 

independent metaverse, there are unique settings and 

narratives[8]. Science fiction works are based 

on boundless scientific imagination and do not nec-

essarily have to be grounded in scientific principles; 

their content can be completely unscientific[9]. 

Therefore, science fiction works may contain fantas-

tical elements, such as describing how a magician 

uses magic to observe and analyze technological 

products like airplanes. However, the author’s under-

standing of characters, societies, civilizations, and 
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species in the work is limited by specific histori-

cal backgrounds and scientific levels. The metaverse, 

however, is a virtual space constructed using scien-

tific technology existing in people's imaginations[10-

12]. 

Another aspect contributing to their shared de-

velopment is the high degree of congruence between 

the core technologies and foundational support of the 

science fiction industry and those of the metaverse. 

Communication computational power and block-

chain technology are essential to the success of the 

metaverse, which uses virtual reality (VR), digital 

twins (DTs), and immersive interaction to unite the 

real and virtual worlds[13,14]. Specifically, the 

metaverse of the Three-Body is remarkably similar 

to the metaverse now being investigated and imple-

mented[15–17]. The idea of a “metaverse”, first intro-

duced in the novel Snow Crash, has become more 

popular worldwide due to technological advance-

ments and the growth of the science fiction indus-

try[18]. The scientific fiction industrial chain, which 

consists mostly of science fiction films, TV series, 

games, and immersive entertainment, is a typical ap-

plication and scenario of the metaverse[19–21]. There-

fore, hastening the shift from cultural industry to the 

digital economy and facilitating the upgrade and it-

eration of building metaverse cities can be 

achieved by encouraging the integration and devel-

opment of science fiction and the metaverse[22, 23]. As 

such, it is practically relevant to inquire into the cur-

rent state of study into the metaverse as a result of 

The Three-Body Problem simulation. 

This paper analyzes the scenarios and technolo-

gies contained in the game, starting from the Three-

Body game in The Three-Body Problem. The terms 

“metaverse”, “Three-Body”, “virtual world”, “vir-

tual reality game”, and “human-computer interaction” 

were used to locate approximately 10,000 relevant 

publications in the literature databases Web of Sci-

ence and Scopus. Twenty substantive research re-

sults were selected for in-depth reading to delve 

deeper into the mysteries of the metaverse. These re-

sults were chosen after we eliminated studies with 

conflicting or ambiguous findings, those without 

replication, and those that were too broad in scope or 

had the same title. Some of these publications were 

also read with the help of the Google Scholar plat-

form to give a reference for the future development 

of the metaverse by summarizing the present state of 

research on the topic in widely studied areas like 

gaming and entertainment. 

2. The metaverse in the Three-Body

Problem

The Three-Body Problem, a popular new TV se-

ries in China, has captured the attention of many sci-

fi readers and viewers[24,25]. In the TV series, the 

Three-Body organization develops a game called 

“The Three-Body” with the aim of helping Earth-

lings understand the Three-Body world[26]. Since the 

game’s Three-Body star systems digitally mirror the 

real-world orbits of those stars, it clearly fits the 

metaverse criteria[27–29]. In addition to being a 

crowdsourced game, this Three-Body game lets us-

ers investigate the secrets of the sun’s motion in the 

Three-Body metaverse on their own or with others[30]. 

The game provides players with a metaverse to ver-

ify the Three-Body Theory, which is the theory of the 

motion of the three suns. The motion trajectories of 

the three suns in the game should be read from the 

historical records of the Three-Body world rather 

than generated through formulas. If there were al-

ready formulaic patterns, then the Three-Body game 

would not need to verify the patterns of the three 

suns[31–33]. In addition, the TV series also indicates 

that the Three-Body world has no regularities, so the 

plot of the Three-Body game can only be generated 

from historical records. Figure 1 illustrates some of 

the game visuals shown in the TV series. 

Figure 1 shows some game visuals from the TV 

series The Three-Body Problem. It can be observed 

that entering the Three-Body game requires auxiliary 

equipment, similar to the familiar VR/augmented re-

ality (AR) game equipment used today. The user en-

ters the game and automatically shifts into immer-

sion mode, similar to the soul travel to the game. It 

might be seen as a way for players to experience VR, 
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where their emotions are reflected in their physical 

form. In The Three-Body Problem, the celestial mo-

tion patterns are verified through representative tech-

nologies from different stages of human history. 

Each failed verification results in the downfall of a 

civilization. Eventually, mathematicians deduce that 

the Three-Body Theory has also failed through evo-

lutionary computation, further confirming the cha-

otic nature of the Three-Body world. It is clear that 

even the most basic mystically based predictions do 

not necessitate the adoption of metaverse technology 

when seen through the lens of the validation capabil-

ities of the Three-Body game for modeling the 

Three-Body Theory. Yet, there are more obstacles to 

overcome when putting Mozi’s mechanical predic-

tions into practice in the metaverse because of the 

unique modeling challenges posed by the 

metaverse’s operational environment. 

(a) (b)

(c) (d)

Figure 1. The Three-Body game scene in The Three-Body 

Problem (a. game background; b. Three-Body metaverse; 

c. humans enter the game screen; d. the role of humans in

the game).

In addition, when the timeline of The Three-

Body Problem reached the Qin Dynasty, von Neu-

mann asked Qin Shihuang to borrow 30 million war-

riors to build a “computer”. Each individual picks up 

two balls, one red and one white, to represent the bi-

nary principle of 1, 0. According to this rule, the 30 

million army constitutes the central processing unit, 

memory, external memory, and bus. The human 

“computer” composed of Qin Shihuang’s 30 million 

armies is undoubtedly the most difficult. It is equiv-

alent to forming a computer in the metaverse, that is, 

simulating a computer from the bottom. The pace of 

progress in many human endeavors would be consid-

erably accelerated if a metaverse existed that could 

replicate computer architecture. The TV series sug-

gests that the Three-Body game is a digital duplicate 

of our own reality since the human “computer” in the 

game truly occurred in the Three-Body World. The 

inventiveness of the author is on full display in all 

these story devices. Still, they also force us to reeval-

uate the path of our metaverse’s future evolution and 

point the way toward new avenues of inquiry that 

could one day lead to its physical embodiment. 

The game envisioned by Liu Cixin in his novel 

The Three-Body Problem is now the domain of pro-

fessional game designers[34,35]. Initially, this novel 

gained popularity among a relative niche group of 

science fiction literature enthusiasts, but later it grad-

ually grew into a major intellectual property, with ad-

aptations into various forms such as animation, radio 

drama, and movies, as shown in Table 1. 

Table 1. Adaptations of The Three-Body Problem (incomplete statistics) 

Years Type Director/Producer 

2014 Movie The Three-Body Problem I Zhang Fanfan 

2015 Animation Waterdrop - Three Body II: Dark Forest Wang Ren 

2015 
Fan-made anima-

tion 
My Three-Body Problem Li Zhenyi 

2016/2019 Stage show 
Three-Body problem, Three-Body Problem II: Dark 

Forest 
Lotus Lee Future Drama Studio 

2019 Radio drama The Three-Body Problem Himalayas 

2021 Animation The Three-Body Problem 
Station B, Three-Body Uni-

verse, Art and Painting Kaitian 

2021 TV drama The Three-Body Problem Tencent Video 

2021 TV drama The Three-Body Problem Netflix 
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3. Application progress of the

metaverse

3.1. Connotation and development history of 

metaverses 

Science fiction writer Neal Stephenson of the 

United States used the term “metaverse” in his 1992 

novel Snow Crash[36,37]. The concept of the 

metaverse is a science fiction hypothesis about the 

future of humanity and was translated as “超元域” 

when the novel was introduced in China[38]. As a re-

sult of this hypothetical setting in science fiction, 

many have taken an interest in learning more about 

the metaverse and envisioning its potential realiza-

tion through technical methods. The term “metaverse” 

is no longer restricted to the confines of cyberpunk 

fiction’s cyberspace[39,40]. The convergence of 

metaverse and real-world economies is made possi-

ble by advancements in blockchain technology and 

non-fungible tokens (NFTs)[41]. For example, players 

who are skilled at playing games in science fiction 

novels may not be well-known in real life, just like 

the character settings in “Ready Player One”. None-

theless, these players can amass sufficient riches 

through NFTs gained in games and even alter their 

financial standing in the real world. 

The term “metaverse” has not yet been given a 

definitive, standardized definition. According to 

Baidu, it is defined as “a virtual world that is linked 

and created through technological means, mapped 

and interacted with the real world, and possesses a 

new type of social system in the digital living space” 
[42]. Wikipedia defines the metaverse as “a communal 

virtual shared space formed by the merger of aug-

mented physical reality and virtual space”[43]. The 

definitions of “mate” and “verse” on Baidu and Wik-

ipedia, respectively, make it clear that both terms 

have the same meaning: “beyond” and the 

“space” built in the “digital space”[44]. Therefore, 

from a translation perspective, “mateverse” does not 

necessarily imply “universe” or “cosmos” in the tra-

ditional sense, but from the perspective of the “tran-

scendence” and “transformation” reflected in the 

digital world it creates, it is indeed a new form of the 

spatial domain[45]. In addition, it is more widely ac-

cepted by society due to the fact that the term 

“metaverse” easily triggers interest in the industry, 

has a sense of science fiction, and has strong com-

munication effects. Figure 2 depicts the ecological 

architecture of the metaverse. 
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Figure 2. Example of the metaverse ecological structure. 

From a technical point of view, the metaverse 

can be viewed as an amalgamation of several tech-

nologies. Immersive experiences, efficient and con-

venient procedures, spatial mapping of digital items, 

empowered freedom for editing, secure and depend-

able transactions, etc., are only some of its many no-

table qualities[46]. In terms of individual technology, 

VR technology tries to move the real world into vir-

tual space; AR technology tries to put the virtual 

world into reality; DTs technology tries to copy all 

the physical existence of the real world; Internet and 

the Internet of Things (IoT) technology tries to 

closely connect people with people, people with 

things, and things with things. The goals of cloud 

computing, artificial intelligence (AI), and fifth-gen-

eration (5G) wireless technologies are as follows: (1) 

global integration of dispersed computer resources; 

(2) machine learning and cognition on par with hu-

mans; (3) high-speed, low-latency data transfer.

Blockchain technology guarantees the safety of dig-

ital assets due to its immutability and privacy prop-

erties. The foundation of “metaverse” technology is

laid by combining these technologies. Figure 3 com-

pares the structure of the metaverse with that of the
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International Organization for Standardization (ISO). 
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Figure 3. Metaverse vs. seven ISO layers. 

The device layer, the communication layer, the 

cloud layer, the virtual cloud layer, the data space 

layer, the DTs layer, and the perception layer are only 

a few of the layers that make up the metaverse. To 

store actual data and software, many system integra-

tors employ virtualized cloud services, such as those 

offered by Amazon Web Services and Google Cloud 

Platform. Implementing an open data framework re-

lies heavily on the data space layer, which defines the 

metaverse’s ontology. The DTs layer ensures the per-

sonalized and unique aspects of the metaverse, cre-

ating individual experiences. The perception layer 

will provide a setting in which a number of services 

can be seamlessly integrated into the landscape. 

The creators and users of the metaverse require 

a certain level of technical know-how, a high degree 

of imagination, creativity, and the use of human sub-

jectivity and initiative. On the one hand, the 

metaverse’s logical integration of science and tech-

nology represents the crystallization of human sub-

jectivity in the form of technological progress and 

awareness advancement. On the other hand, human 

subjective initiative is also required for the ongoing 

enhancement and evolution of the metaverse’s tech-

nological content. The items in the metaverse 

are based on things that are used in human activity in 

the actual world. Although the metaverse creates a 

virtual space in form, ultimately, virtual space is still 

an extension of the human world and remains within 

the scope of the human world. 

3.2. Application status of the metaverse in 

various industries 

The metaverse is actually the integration of the 

digital world and the physical world, digital life and 

social life, digital assets and physical assets, digital 

economy, and the real economy, as well as digital 

identity and real identity[47]. The key to the develop-

ment of the metaverse is integration, and it is not just 

a virtual space. The metaverse, a potentially limitless 

future notion, is already being used in a wide range 

of fields, from gaming and manufacturing to retail 

and education to live entertainment and tourism. 

Games 

Essentially, the digital realm of the metaverse 

can be viewed as the progenitor of open-world 

games[48]. In the past decade, massive open-world 

games have emerged as a key trend in the evolution 

of the digital entertainment sector. These games al-

low players to find their own unique style of play be-

cause of features like branching storylines, open 

worlds, and non-player actors with high levels of in-

telligence. The metaverse brings a sense of reality 

from real life into the game, where virtual game 

items and currency are real-world assets. Tokens in 

the game’s economy provide players the freedom 

to build their own regions and can even be used to 

alter the game's mode and future development. For 

example, a pet trading and battling game called Axie 

Infinity on the Ethereum blockchain has introduced 

a “Play-to-Earn” model, allowing rural residents in 

the Philippines to earn money in the game and help 

many unemployed individuals during the pan-

demic[49,50]. The core of Axie Infinity is the “Axies”, 

which are pets with various body parts to choose 

from, including aquatic, beast, plant, and reptile parts, 

each with different rarity levels such as common, 

rare, super rare, and legendary[51]. Axies can be com-

posed of different combinations of body parts, mak-

ing them highly variable and usually very rare[52]. 
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Decentraland is a 3D VR platform where land 

can be owned as virtual assets and freely devel-

oped by owners, including real-life buildings such as 

casinos, financial centers, and shopping centers[53]. 

Roblox is a large platform that supports multiplayer 

online game creation, where users can freely create 

games according to their personal preferences, de-

sign their own items, and create different types of 

games[54–56]. However, the development of metaverse 

games is not as simple as imagined. Video game pro-

duction often involves using automation technology 

to generate content, bind animations, set map light-

ing, and script behaviors. Automation of program-

ming and artistic functions is increasingly integrated 

into game engines, in combination with other soft-

ware applications in the 3D production ecosystem, 

laying the foundation for platform companies to po-

sition themselves as future metaverse. The re-

search by Chia discusses the automation of 

metaverse game engines as platform tools for design-

ing and simulating interactive 3D worlds inside and 

outside of games, highlighting the impact of engines 

on game creators and game research, covering mul-

tiple fields such as game development, entertainment 

media, architecture, engineering, construction, and 

manufacturing[57]. The aforementioned games all 

showcase the powerful imaginative scenes that hu-

mans can achieve in the metaverse. 

Industrial manufacturing 

The Industrial Metaverse is an industrial eco-

system that deeply integrates new information and 

communication technologies, such as extended real-

ity (XR) and DTs, with the physical industrial econ-

omy[58]. In an interview, NVIDIA’s Chief Executive 

Officer claimed that using the metaverse would 

help businesses cut costs and boost efficiency[59]. The 

metaverse production workshop enhances the accu-

racy and speed of factory design and production 

achieves the goals of cost savings and efficiency im-

provement. Enterprises can simulate factory produc-

tion processes, plant growth, and even simulate real-

world power grid operations in the metaverse, 

thereby reducing waste of raw materials and gaining 

economic benefits. Among them, Omniverse is an 

open metaverse platform developed by NVIDIA, de-

signed specifically for virtual collaboration and real-

istic real-time simulation. The platform’s virtual fac-

tory integrates planning data and applications for the 

entire process while also providing real-time collab-

oration and strong compatibility[60]. 

Omniverse is an open metaverse platform that 

allows for the simultaneous creation of content by 

several users, allowing them to build and simulate 

content that follows the rules of physics in a shared, 

virtual 3D world that is highly similar to the actual 

world[61]. This platform is seeing increasing use in 

the manufacturing sector, with examples including 

the port industry. It has the potential to drive real-

time operations in a dynamic, data-driven fashion 

and encompasses the full cycle of cargo handling, 

port operations, storage, and shipping[62]. A 5G envi-

ronment can also fully simulate people, vehicles, ob-

jects, regulations, and the environment in a port’s in-

dustrial equipment situation. For instance, BMW 

used Omniverse to construct digital plants in which 

engineers, designers, and experts from all over the 

world may work together in the same environment to 

perform intricate activities like product planning, de-

sign, and simulation. 

Remote office/video conferencing 

Due to the spread of the Corona Virus Disease 

2019 (COVID-19) pandemic, theater and performing 

artists need to find creative and safe solutions to con-

tinue their work. Online video conferencing tools 

and VR platforms seem to be promising opportuni-

ties for exploring new ways to connect art with audi-

ences[63]. At the same time, traditional remote work 

also faces some challenges, such as a lack of real-

time interaction and low communication efficiency. 

Metaverse, on the other hand, offers virtual office 

spaces that provide a “face-to-face” manner of work-

ing, which has garnered significant interest. For ex-

ample, Google has introduced the “Project Starline” 

initiative, aiming to visualize remote interactions 

three-dimensionally, allowing participants to ob-

serve chat partners from different angles and engage 
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in physical or eye contact communication[64]. Face-

book has also launched Horizon Workrooms, a re-

mote collaboration tool that enables colleagues wear-

ing VR devices to communicate face-to-face in the 

same virtual meeting room, breaking down the barri-

ers of screens[65]. 

Shopping 

Technologies such as VR, AR, and digital sim-

ulation are helping to reshape the landscape of online 

e-commerce, and the application of metaverse in the 

retail sector is also foreseeable[65]. In the metaverse, 

the creation of shopping centers and the simple oper-

ation of one-click ordering allow consumers to com-

plete shopping and consumption in a game-like ex-

perience. Furthermore, the metaverse has the 

potential to break free from the form and functional-

ity of physical stores, injecting more imagination 

into the digital shopping experience. The immersive 

technology of the metaverse provides a better space 

and medium for the retail e-commerce scene, con-

stantly upgrading the consumer experience. For ex-

ample, Gucci has partnered with Roblox to launch a 

virtual exhibition called “The Gucci Garden Experi-

ence”, where players can appreciate and purchase 

virtual items[66]. Tmall has also introduced a 3D ver-

sion of Tmall Home Decoration City, providing con-

sumers with a 360° display of furniture and home 

decoration effects to help users browse different 

styles of decoration designs and make decisions[67]. 

In addition, online retail platforms may deploy vari-

ous metaverse virtual showrooms to facilitate con-

sumers’ understanding of products. For instance, 

Zhang et al. developed a game theory model to study 

the strategic interaction between intermediaries and 

third-party sellers when deploying virtual show-

rooms. The results showed that both cost-specific 

and product-specific factors influence the equilib-

rium of virtual showroom deployment. A decrease in 

development costs may lead to a shift in the equilib-

rium strategy of whether to deploy virtual show-

rooms[68]. Moreover, due to the ongoing pandemic 

preventing consumers from frequenting beauty 

counters, L’Oréal is currently promoting Modiface 

AR technology to help customers try out makeup 

products, such as lipstick shades and hair colors, 

through their smartphone cameras[69]. 

Education and teaching 

The field of education holds the most promise 

for the metaverse[70]. The term “university” refers 

to both higher education institutions and the 

metaverse, and there is a natural parallel and cover-

age between the metaverse and education. Humanity 

has entered a historical stage where “life is learning, 

and learning is life”. The metaverse provides the 

largest space and the best technological foundation 

for this. For example, open universities are very suit-

able in the metaverse, as it frees everyone from the 

constraints of physical campuses. Metaverse class-

rooms are full of imagination, where traditional 

teachers are no longer limited to classrooms and ex-

isting teaching tools. Graphics and formulas in a 

math class can be constantly combined and changed 

in geometric space, and the process of the 

metaverse’s birth and development can be presented 

right in front of the students. Students can even 

watch the rise and fall of dynasties with historical 

figures such as Qin Shi Huang in the metaverse, 

which are all changes that the metaverse brings to 

education. 

For instance, Lee and Hwang chronicled the ef-

forts of future English teachers to create VR materi-

als for use in K-12 digital textbooks. They examined 

how these materials were connected to metaverse 

platforms to promote flexible, lifelong education[71]. 

To address the limitations of conventional ap-

proaches to remote practice education, Lee et al. pre-

sented a system that brings VR and metaverse tech-

niques into the classroom. Besides, they developed 

an aircraft maintenance simulation metaverse based 

on the proposed system and conducted an experi-

ment comparing this system with video training 

methods[72]. On both knowledge tests, the group that 

used the suggested system outperformed the group 

that watched training videos. The presence question-

naire results corroborated the participants’ reports of 

the metaverse system’s physical presence, lending 

credence to the practicality of the proposed system. 

It is evident that the metaverse allows students to 

have a more intense immersion experience in the 
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teaching, unlike simple video instruction, which en-

hances students’ interest and helps them to immerse 

themselves in the theoretical knowledge in the class-

room[73]. 

Travel 

The ability to travel will be another significant 

use for the metaverse. It’s difficult to see the world’s 

most famous landmarks and ancient ruins due to the 

limited availability of traditional travel options, es-

pecially during peak holiday seasons. Tourists 

will be able to “take depart without delay” by just 

donning VR glasses and viewing 3D views of space 

that have been digitally captured and shown in the 

cloud. Various explanations and simulated interac-

tions help tourists gain an immersive experience be-

yond real tourism. For example, Matterport, a com-

pany specializing in 3D viewing, has launched the 

five ancient ruins of Egypt through VR technology. 

Once launched, it has been loved by everyone. With-

out crossing the border, tourists can immersively 

visit the relics of Egypt and learn about the historical 

allusions. With the use of Matterport, Tchomdji et al. 

created a metaverse in which users can observe 3D 

models of academic structures and real-time tours of 

their interiors. Users can view the 3D model of the 

university's infrastructure from afar on the website 

after it has been uploaded for real-time display[74]. As 

Disney’s CEO put it, “the metaverse is Disney’s fu-

ture”[75]. Disney has not revealed the specifics of 

their foray into the metaverse, but by doing so, they 

were able to build an entirely new metaverse. For in-

stance, visitors to the virtual Disneyland can interact 

with numerous Disney characters in the form of their 

digital selves, engaging in conversations, dances, 

and games. This suggests that Disney World is, in 

fact, the “most tranquil spot in the multiverse”. 

Table 2 summarizes the platforms and technologies 

utilized in the various metaverse applications.

Table 2. Metaverse application progress 

Field Name Technology type Progress 

Game 

Axie Infinity 
Pet trading and fighting 

games 

Play-to-Earn mode, players design their own pet 

image 

Decentraland Virtual platform 
Virtual assets support the owner in creating arbi-

trarily 

Roblox 
Multiplayer online sandbox 

game creation platform 

Players design their own items, create different 

types of games 

Industrial manu-

facturing 
Omniverse Industrial metaverse 

(1) Multiple people co-create content on the plat-

form

(2) Full-cycle operation simulation supported by

DTs

(3) Virtual Factory Collaborative Manufacturing

Telecommut-

ing/video con-

ferencing 

Google’s “Project Star-

line” program 

Google’s “Project Starline” 

program 

(1) 3D remote interaction

(2) Observing the chat object

(3) Eye-body interaction

Facebook launches 

Horizon Workrooms 
Remote collaboration 

Face-to-face communication in virtual conference 

rooms 

Shopping 

“The Gucci Garden Ex-

perience” Virtual Exhi-

bition 

Virtual shopping Exhibit and shop virtual items 

3D Tmall Home Im-

provement City 

An immersive experience of 

home improvement environ-

ment 

360° presentation of furniture decoration effect 

Travel Matterport 

3D viewing Remote Tour of University Buildings 

Virtual Disney 
Players talk, dance, and play games with various 

Disney characters 
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Metaverse redefines the relationship between 

people and space. Pathways to the metaverse are be-

ing established with the help of technologies like AR, 

VR, cloud computing, 5G wireless, and blockchain, 

all offering interactive means of mixing virtuality 

with reality. This transformation is changing and dis-

rupting various industries in our daily lives. 

AR is a new technology that integrates virtual 

elements into the real world through a camera. It is 

commonly used in games like Pokemon GO and Mi-

crosoft HoloLens. Virtual Reality (VR) is an interac-

tive 3D environment that enables users to experience 

a virtual world. In the metaverse, VR can be used to 

explore star systems and analyze material structures. 

Cloud computing is a model that shares computing 

resources and information to provide services. In the 

metaverse, it can store big data, remote sensing im-

ages, and metaverse research information, helping 

scholars understand and study the universe better. 5G 

wireless is a new mobile communication technology 

that can provide good network coverage and connec-

tivity. In the metaverse, 5G technology can help 

launch satellites to collect information about the uni-

verse. Blockchain is a distributed recording and stor-

age technology that creates verifiable databases 

through a P2P network. In the metaverse, blockchain 

can record information about the universe, such as 

interstellar travel, to help document the universe's 

history. This can enable future scholars to explore the 

connections between countless star systems 

4. Advances in VR technology in the

4D metaverse

As the country’s scientific and technological in-

frastructure has improved, VR has found its way into 

more and more aspects of everyday life in China. Es-

pecially after the advent of the metaverse in 2021, 

VR has become an integral part of everyday life and 

a crucial entry point into the metaverse. Several cit-

ies and even countries are paying close attention to 

this pattern[76]. “When you put on VR headsets and 

AR glasses, you are not simply watching infor-

mation, but rather being involved in it”, Mark Zuck-

erberg said of the metaverse. “You feel like you’re 

with other people, doing things like dancing or fit-

ness exercises”. Yet, it remains unverified if the cur-

rent metaverse VR research stage can reach such a 

condition. Figure 4 depicts several notable research 

accomplishments in the realm of VR in the 

metaverse and their underlying software framework. 

Graphical 

calculation

Secondary 

development

Peripheral 

hardware 

interface

Business 

Response

Data 

processing

Logical 

control

Virtual reality 

underlying 

software 

development

Process simulation

Process analysis

Digital City

Flight simulation

Experimental

 data

Industrial design

Medical Digital

 Virtual Human

Large 

screen system

Stereoscopic 

display

Artistic modeling

3D rendering

Figure 4. The underlying software framework of VR in the 

metaverse. 

In spite of the proliferation of blockchain-based 

metaverse platforms, it is still unclear whether or not 

XR technology can significantly increase labor effi-

ciency and production in the metaverse economy. 

Players’ need for social interaction necessitates that 

workplace technology in the metaverse supports im-

mersive job training, remote work, and virtual work 

meetings, as noted by Durana et al.[79]. Performance 

indicators for virtual work, remote workforce, and 

distant collaborative work can all benefit from the 

use of VR and text analysis techniques. Thus, Haw-

kins showed how a VR-based recruitment tool inte-

grates sensory immersion, affective data, voice bio-

metrics, and cognitive computing systems in a 3D 

digital world, workplace technology, and research in 

deep learning computer vision algorithms to facili-

tate virtual workforce training and skill development 

in an immersive metaverse environment[80]. 
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In the field of healthcare, VR rehabilitation in 

the metaverse has shown significant potential in as-

sisting various rehabilitation exercises, providing 

opportunities for clinical research, assessment, and 

intervention. Schweitzer and Rizzo noted that stu-

dents with attention deficit hyperactivity disorder 

can benefit from the immersive experience of VR 

classrooms in the metaverse by learning to better reg-

ulate their impulsivity and attention deficit-related 

social difficulties[81]. Physiological measurements 

can be used in addition to clinical interviews and 

questionnaires to track patients’ mental and physical 

health. In addition, Koo1 noted that the Seoul Na-

tional University Hospital in South Korea has used 

metaverse and AR technologies to train surgeons in 

the treatment of lung cancer. More than two hundred 

thoracic surgeons from Asian countries took part in 

this training program, which involved experiencing 

VR scenarios on laptops or VR headsets and debat-

ing surgical techniques with their peers. This new ap-

proach to training is a major advancement in the his-

tory of medical education[82]. 

The appeal of the metaverse is not limited to the 

field of medicine; it is present in other areas of edu-

cation as well. The scientific community, for instance, 

has been making attempts to aid governments around 

the world in their pursuit of environmental education. 

A revolutionary architecture of metaverse-based, 

fully immersive, three-dimensional VR for teaching 

about water resources was proposed by Lo and 

Tsai[83]. Students use this framework to enter an im-

mersive environment in which they can experiment 

with and interact with 3D multimedia content in the 

metaverse while running specialized Android appli-

cations on a headset. By shaking their heads or mov-

ing interactive markers, students can trigger interac-

tive actions such as replaying video segments, 

playing consecutive video clips, displaying text an-

notations, and completing questions relating to the 

course topics on soil and water conservation. Big 

data analysis of student work helps to enhance edu-

cation by validating this study as a promising new 

multimedia education system. 

Digital retail products and AR shopping tools 

may be able to improve computational efficiency by 

integrating customer information, context awareness, 

and brand recognition measures, as evidenced by the 

growing popularity of blockchain-based metaverse 

platforms. Metaverse stores offer a different level of 

customer assistance than their 2D counterparts 

(which are typically menu-driven). By conducting 

focus groups and key event methodologies with cur-

rent users of metaverse retail stores, Gadalla et al. 

provided a methodology for improving the service 

quality of 3D metaverse stores for retailers[84]. Ad-

ams meantime investigated and synthesized 

metaverse applications of customer behavior, AR 

technology, and immersive visualization systems. By 

analyzing the customer’s path to purchase, it is clear 

that we can better understand the role that tailored 

purchasing experiences play in acquiring virtual as-

sets[85]. In addition, Han et al. offered a means of 

evading the VR experience, which allows users to 

spend several hours at a time inside a computer-gen-

erated world and engage with information while be-

ing protected from the harsh realities of the actual 

world outside. Such risky speculation adds intrigue 

and allure to the metaverse[86]. 

Although the metaverse allows for highly per-

sonalized avatar interaction, it does have several 

downsides, most notably in the areas of privacy and 

identity security. Cybercriminals may gain access to 

users’ avatars, digital assets, and personally identifi-

able information when they enter the metaverse us-

ing VR human-machine devices. Therefore, Tran et 

al. introduced a specific vein recognition method for 

VR human-machine devices in metaverse to prevent 

identity theft. They also developed a vein recognition 

system based on convolutional neural networks and 

anti-aliasing techniques, which is more secure in per-

sonal verification compared to other manu-

ally-based biometric features such as fingerprints 

and palm prints[87]. Kozinets followed established 

methodological criteria and applied logic to con-

struct a scope, definition, and assembly of a new kind 

of web photography (immersive web photography) 

for study into immersive technology. Three signifi-

cant practical limits to developing high-quality web 

photography are limited time, finances, and research-

ers’ limited skill sets. These restrictions expose 
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metaverse users to potential privacy breaches when-

ever they interact with others[88]. 

While the metaverse’s wearable technology has 

great promise for facilitating user contact with highly 

configurable digital avatars, addressing users’ emo-

tional requirements remains challenging. This results 

from a collection of customer optimization strategies, 

aesthetic design features and criteria, and the com-

plexity of understanding user preferences, enabling 

product functionalities, and other considerations. 

Kwok and Tang proposed a complex optimization 

technique called the fuzzy multi-criteria decision-

making method, which uses fuzzy-based hybrid ana-

lytic hierarchy process and integral-based ap-

proaches to determine the key factors and design pa-

rameters of VR headsets to understand customer 

preferences and the technical requirements of engi-

neering product shells, allowing the headset to meet 

the demands of the visualized metavehicle[89]. Shin 

explored how user perception is generated and exe-

cuted in an extended context, focusing on how user 

internalization and embodied experiences affect user 

experiences. According to the study’s findings, users 

influence the metaverse based on their own levels of 

visibility[90]. The metaverse becomes a structural el-

ement that influences and limits user behavior, yield-

ing useful information for device design. 

VR is undeniably a new spatial computing tech-

nology that collects and analyzes information about 

its users (including their bodies and their interface 

with hardware). Concerns regarding who will gain 

from VR as a data-intensive technology and where 

possible risks of data dissemination may lie are de-

veloping, as they have with previous kinds of digital 

media. The case of Facebook’s Oculus VR, the in-

dustry standard in VR and a key component of their 

metaverse goals, was examined by Egliston and 

Carter[91]. In this scenario, it is stated that the data-

intensive nature of VR creates problems such as 

power imbalances, the possible worsening of income 

disparity, algorithmic biases, and new kinds of digi-

tal exclusion. 

Table 3 lists the technical results of the above 

research. 

Table 3. Advances in VR technology in the metaverse (partial results display) 

Author Type Technical achievements Limitations 

Kozinets[88] Immersive Webcam 

Comprehensive research on AR, VR, and 

metaverse phenomenological service ex-

perience 

The rapidly changing environment and 

scarce time resources cannot be fully 

satisfied 

Pan et al.[96] Virtual digital human 
Photoscan technology and Unreal Engine 

5 Metahuman 
Single-player type 

Gadalla et al.[84] Virtual shopping 

Human contact, emotional expressive-

ness, virtual experimentation, and fantasy 

production 

Insufficient test cases and unsatisfac-

tory stability 

Alpala et al.[78] 
Digital factory 

metaverse 

(1) Display audio and video presentations

(2) Multi-user team collaboration custom

configuration

(3) High-quality textured realistic scenes

(1) User avatars cannot be customized

(2) Not fully applicable to low-end

computers

(3) The performance in the real envi-

ronment needs to be verified

Tran et al.[87] 

Metaverse VR hu-

man-machine device 

vein recognition 

(1) Human-machine device finger vein

recognition method

(2) Finger Vein Recognition System

(3) The accuracy rate increased to 97.66%

Not available for all wearables 

Kwok and 

Tang[89] 
Wearable device 

Optimization of earphone parameters by

fuzzy multi-criteria decision-making

method

Lack of robustness of the product 

Lo and Tsai[83] 
Metaverse 3D VR ar-

chitecture 

(1) 3D VR multimedia content interaction

(2) Shake your head to move the interac-

tive sign

There is no specific verification of the 

learning effect. 

Koo[82] 
Metaverse medical 

training 

(1) Multi-person interaction

(2) Restoration of real surgical scenes

(3) Panoramic live broadcast of VR cam-

eras

It cannot be used universally, requires 

sufficient hardware support, and the ef-

fect of a broader range of personnel par-

ticipation needs to be verified. 
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In light of the aforementioned findings, we can 

say that the metaverse is a digital metaverse where 

DTs of people, places, and things coexist virtually. 

VR and AR are crucial for the realization of a true 

metaverse. The metaverse, however, is not restricted 

to VR. Devices that use AR technology and those 

that connect to the Internet are both essential to mak-

ing the metaverse a reality. The metaverse is a virtual 

environment that may be accessed in a number of 

different ways. There has been development and suc-

cess in many other industries, including medicine, 

gaming, entertainment, education, and even online 

trade. The metaverse is a free, online, 3D virtual 

realm where users can meet and engage with others 

through the use of personalized digital characters 

called "avatars." In the virtual world, users have the 

option to purchase virtual currency, props, and even 

digital assets of their very own. This reflects that us-

ers can experience a level of immersion in the 

metaverse comparable to that in the real world; how-

ever, perfect solutions to the legal, privacy, transmis-

sion, and property security concerns associated with 

this experience are still lacking and are still being ex-

plored. 

The current state of VR in the metaverse, as ev-

idenced by a number of recent successes, makes it 

possible for users to enter the metaverse via wearable 

devices and for numerous users to communicate and 

engage with one another. Users can use gestures to 

control virtual characters and even replicate the ex-

periences of those characters. VR technology has 

various potential applications, but it has gained the 

most notoriety in the entertainment sector. In contrast, 

the metaverse can be considered a more developed 

form of a 3D internet, and its effects on people’s pro-

fessional and personal lives are likely to be more far-

reaching. 

5. Advances in human-computer in-

teraction technology in the 5-Di-

mensional metaverse

From what has been uncovered, it can be said 

that the metaverse is a 3D virtual world that can be 

accessed by means of VR gear or web browsers. Us-

ers are able to navigate this environment by using 

gaze, speech, and feedback controls[92]. Users of VR 

hardware can experience the inner workings of this 

simulated environment. In the metaverse, individuals 

can engage in a wide range of activities, from con-

ducting business to enjoying entertainment and even 

going on vacation. Developments in the field of hu-

man-computer interaction have accompanied every 

game-changing invention in the digital economy’s 

history. Figure 5 depicts these developmental stages 

of human-computer interaction. 
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Figure 5. Evolution process of human-computer interac-

tion mode. 

The exponential growth of AI and XR has re-

vealed that the nature of the human-computer con-

nection is shifting from gradual evolution to radical 

reconstruction. Human-machine interaction, interac-

tion scenarios, and interaction experiences have 

all been rethought in light of the metaverse notion. 

Recent advancements in areas like human-com-

puter interaction, the IoT, cloud and edge compu-

ting, blockchain, non-fungible tokens, and high-per-

formance computing infrastructure have spawned a 

plethora of novel use cases for both XR and the 

metaverse[93]. Future advancements in multi-access 

networks, 6G technology, and the implementation of 

AI will make it possible to serve billions of users and 

create a shared metaverse that blends the virtual and 

real worlds into one seamless experience. The evolu-

tion of human-computer interaction may be 

loosely broken down into three stages: the personal 

computer Internet era, the mobile Internet era, and 

the metaverse era. The shift of interaction modes and 

devices is one of the most significant expressions of 
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the new human-computer interaction. As technology 

continues to evolve and develop, human-computer 

interaction modes are constantly enriched and up-

graded in terms of content and scenarios. The follow-

ing sections will analyze specific application cases in 

conjunction with the literature. 

In the previous paragraph, the advancement of 

VR technology has paved the way for the develop-

ment of wearable devices, enabling somatic sensa-

tions and bringing more comprehensive perception 

and feedback in the metaverse-based virtual society. 

Based on these findings, Sun et al. presented a haptic 

perception and haptic feedback environment with 

multimodal sensing and feedback capabilities[94]. 

This unified setup features vibrators and nickel-chro-

mium alloy heaters for haptic feedback through vi-

bration and thermal haptic sensation and fric-

tion-based and thermoelectric sensors for haptic and 

temperature awareness. Through friction-based hap-

tic sensors, this new human-computer interface can 

accomplish high-resolution continuous finger mo-

tion tracking, allowing for exceptional gesture/object 

recognition performance based on AI analysis. An 

interactive metaverse platform with cross-space per-

ception capability has been successfully realized 

through the integration of multimodal perception and 

feedback capabilities. It sallows users to have face-

to-face immersive virtual social experiences, much 

like the characters in The Three-Body Problem trans-

mitting their in-game sensations to their real-world 

selves. 

Le et al. noted that in addition to wearable de-

vices, the interaction interface of the metaverse is 

also an important device[95]. A minimalist, low-power, 

and multimodal non-contact interaction interface 

has been created through the integration of comple-

mentary data from humidity sensors in micro-elec-

tro-mechanical systems and sensors based on friction. 

In this research, a friction-based sensor based on two 

annular aluminum electrodes was developed to facil-

itate the rapid recognition of multidirectional finger 

movements by the interface. Experiments using the 

proposed interaction interface have been success-

fully applied to a game control interface for manipu-

lating virtual cars in VR space and a password input 

interface for high-security 3D passwords. The latter 

uses the resonance frequency change of the humidity 

sensor and the output voltage waveform of the fric-

tion-based sensor. The results showed that this novel 

multimodal non-contact interaction interface has 

vast promise in a wide variety of future metaverse 

applications. 

There has been a rise in the popularity of pro-

jection-based display environments. There is little 

effect on human-computer interaction or user-to-user 

communication/collaboration modes because these 

systems are typically only used in laboratories or for 

other specialized applications. In contrast, metaverse 

systems allow for an unlimited number of projectors 

to automatically self-calibrate, drastically reducing 

the complexity of both installation and upkeep. To 

further improve system scalability and encourage 

collaboration among metaverse users, the metaverse 

also enables unique communication paradigms. 

Multi-sensory technologies, for instance, make it 

possible for people to share and learn from each oth-

er's sensory experiences online. Panagiotakopoulos 

et al. discussed the commercial uses of sensory Inter-

net and 6G, which add to the closeness of multi-sen-

sory experiences in the real world, and described the 

practical applications of this technology in digital 

communication, marketing, and well-being[96]. In ad-

dition, they advocate for a mutually beneficial part-

nership between the Internet of Senses and the 

metaverse, with 6G acting as an essential catalyst for 

future multi-sensory experiences. 

In this regard, Lv et al. examined the use of DTs 

models to transfer tangible and intangible real-world 

objects to the metaverse from multiple perspec-

tives[97]. For instance, the metaverse provides a new 

way for elderly people to evade the constraints of re-

ality and engage in continuous and consistent social 

activities to combat loneliness. Using metaverse-re-

lated technologies and human-computer interaction 

tools, Liang et al. developed a framework for a vir-

tual social center for the elderly and designed a pro-

totype system based on this framework[98]. Case 

study data from a prestigious medical center corrob-

orated the findings, demonstrating that the elderly 
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who had used the virtual social center reported con-

siderably higher levels of psychological health than 

their counterparts who had not. These results were 

supported by data from a case study conducted at a 

renowned medical center, which showed that elderly 

people who had utilized the virtual social center also 

reported significantly higher levels of psychological 

health than their non-using peers. Children with au-

tism spectrum disorders who took part in the study 

were given access to a metaverse-based social skills 

training program developed by Lee et al.[99]. Once 

every week for 60 minutes for a total of four weeks, 

the treatment group will engage in the study team's 

metaverse-based social skills training program. 

These findings provide credence to the promise of a 

metaverse-based relational skills education and en-

richment program for helping autistic youngsters 

learn social skills. 

Nowadays, human-computer interaction in 

computational materials science is mainly achieved 

through encoding in software or neural networks, 

with the latter being used in the realm of education 

and training. The global spread of the COVID-19 ep-

idemic has led several nations to embrace video con-

ferencing software platforms for distance education. 

The emergence of the metaverse as a potential an-

swer to this problem lies in the hybrid physical-digi-

tal space it creates. There should be a concerted ef-

fort across several fields to digitize human 

intelligence. For this purpose, Gao et al. developed a 

metaverse framework for materials science compu-

tation. In this system, humans, data from experi-

ments, and theoretical models can all work to-

gether[100]. This metaverse platform allows users to 

optimize their interactions with water, delving into 

water's features, including its liquid and solid phases, 

and creating new potential water fields and novel ice 

polycrystals. Access to such a platform would 

surely be a major catalyst for a paradigm shift in 

computational materials science by providing inval-

uable insights for its future growth. 

In their proposal, Arif and Hayati suggested us-

ing a metaverse-based mathematics teaching me-

dium outfitted with a Learning Management System 

(LMS) that dynamically adjusts topic selection in ac-

cordance with students' individual skill sets[101]. The 

Unity game engine was used to create an educational 

system that aids the LMS in making topic selec-

tions by delivering recommendations based on a 

number of parameters. In this teaching methodology, 

scenes are represented by beams, cubes, prisms, and 

pyramids. The findings of the pre-test and post-test 

reveal that the LMS successfully carries out its du-

ties by adaptively picking topic scenes based on stu-

dents’ performance. This suggests that skillfully im-

plementing gamification aspects into metaverse 

design can increase student engagement and aid in 

the retention of course materials. 

Wang et al. proposed recommendations for vir-

tual-physical hybrid classroom configurations 

to bring together students and teachers in a shared 

educational metaverse to facilitate real-time syn-

chronization of large numbers of participants and ac-

tivities in physical mixed reality (MR) classrooms 

and virtual remote VR platforms[102]. This human-

computer interaction approach attempts to transform 

traditional physical classrooms into virtual physical 

network spaces, creating a new social network where 

learners and educators are connected on an unprece-

dented scale. Jovanovi and Milosavljevi presented a 

fresh platform with supplementary tools for develop-

ing educational experiences in virtual worlds, allow-

ing them to circumvent the restrictions imposed by 

the COVID-19 epidemic[103]. Using the Mannien ma-

trix, they evaluated and assessed the implemented 

VoRtex prototype against well-known virtual world 

platforms in order to determine how well each one 

supports collaborative learning activities in virtual 

environments. 

In the field of aircraft maintenance, metaverse, 

and MR offer significant opportunities for interac-

tion with virtual aircraft (DTs). Using a deep learning 

voice interaction module, Siyaev and Jo presented 

MR education and training for Boeing 737 smart 

glasses aviation maintenance, enabling trainee engi-

neers to command virtual assets and workflows us-

ing their voice[104]. They used a convolutional neural 

network architecture to handle auditory features, and 
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they recognized commands and languages by learn-

ing and classifying mixed requests in English and 

Korean and delivering related feedback[105]. By pro-

posing a voice interaction module, this novel human-

computer interaction solution improves teaching and 

training in aircraft maintenance metaverses by allow-

ing for intuitive and efficient control of operations 

and facilitating enhanced engagement with virtual 

objects in MR. Table 4 summarizes the recent devel-

opments in human-computer interaction inside the 

metaverse. 

Table 4. Progress of human-computer interaction technology in the metaverse (partial achievement display) 

Author Type Technical achievements Limitations 

Liang et al.[98] 
Metaverse virtual social plat-

form 

Virtual social hub reduces 

loneliness and depression in 

older adults 

Elderly people have limited 

ability to operate. 

Wang et al.[102] Educational metaverse 

Real-time synchronization of 

participants and activities in 

MR classrooms and virtual 

learning spaces 

Ability to operate concurrently 

with users who do not have a 

larger capacity 

Gao et al.[75] 
Metaverse computing plat-

form for materials science 

Unifying Human Intelligence, 

Experimental Data, and Theo-

retical Simulations 

How to ensure the stability of 

generated crystals in the virtual 

environment. 

Siyaev and Jo[104] 
Aircraft maintenance 

metaverse 

(1) Smart Glasses Aircraft

Maintenance

(2) Bilingual mixed request

processing

Recognition of other languages 

is not covered. 

Arif and Hayati[101] Teaching system 

Mathematics teaching

metaverse combining gamifi-

cation elements

Theme scene assignment accu-

racy is low. 

Jovanović and Mi-

losavljević[103] 
Teaching platform 

VoRtex platform for online

teaching (virtual classroom, in-

telligent agent, interactive

open space)

It can’t fully realize the same 

feeling as the virtual character. 

Sun et al.[94] 
Multimodal sensing percep-

tion and haptic feedback loop 

An interactive metaverse with

cross-spatial awareness
To be verified by more cases 

Lee et al.[99] 

Multimodal non-contact hu-

man-computer interaction in-

terface 

The game control interface for

manipulating the car and the

three-dimensional password

input interface successfully

completed the interaction.

Applications in the metaverse 

need to be proven. 

The social impact of the metaverse’s growth is 

expected to outweigh that of the mobile Internet by a 

wide margin. The fundamental goal of human-com-

puter interaction in the metaverse stage is to improve 

the realism of user experiences. In this phase, efforts 

are directed toward expanding the capabilities of VR, 

AR, and tracking systems so that consumers can 

have more natural and realistic interactions with 

products. Later on in the metaverse’s development, 

mass-produced, anthropomorphic, interactive vir-

tual beings will penetrate the real world via human-

computer interaction. There will be widespread man-

ufacturing of interactive machines. Digital avatars 

allow users to serve as agents in a variety of circum-

stances, allowing them to interact with and influence 

other characters. Future possibilities of human-com-

puter interaction will involve three-dimensional in-

formation exchange in the virtual world and hybrid 

places that combine elements of the actual and vir-

tual worlds. This means that the potential for fields 

like gaming, education, exhibits, industrial manufac-

turing, design planning, and public services will ex-

pand to include more sophisticated forms of human-

computer interaction than are currently possible. 

6. Potential future research direc-

tions in the metaverse field

The metaverse is a complex and rapidly evolv-

ing concept that encompasses various cutting-edge 
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technologies, including artificial intelligence, 

DTs, blockchain, cloud computing, augmented real-

ity, robotics, brain-computer interfaces, and 5G. The 

metaverse’s ecosystem comprises foundational tech-

nology support, front-end device platforms, and 

scene content entry points. Three key attributes de-

fine the metaverse: spatiotemporal (including time 

and space), human-machine (including virtual peo-

ple, natural people, and robots), and economic value 

(based on blockchain). 

The speed of metaverse development in differ-

ent industries varies significantly, with those closely 

related to the metaverse’s three attributes developing 

faster. This includes games, exhibitions, education, 

design and planning, healthcare, industrial manufac-

turing, government public services, and more. In the 

future, all industries will need to adapt to the 

metaverse’s unique attributes. 

Currently, there are four narrative logics for 

metaverse companies in the market, including virtual 

and real fusion, decentralized transactions, free cre-

ation, and social collaboration. Major technology 

companies rely on existing advantages to lay out the 

metaverse field. There are three main modes: focus-

ing on core components and basic platforms, accel-

erating the research and development of metaverse-

related hardware; focusing on business models and 

content scenes, exploring metaverse-related applica-

tion scenarios; and government-driven corporate en-

try. 

South Korea is one of the most active countries 

in promoting the development of the metaverse in-

dustry. Its capital, Seoul, has announced plans to be-

come the first city government to join the metaverse. 

Meanwhile, the development of the metaverse indus-

try in South Korea is mainly led by relevant govern-

ment departments, guiding and promoting compa-

nies such as Samsung, Hyundai, and LG to form the 

“Metaverse Alliance” to establish a national 

metaverse development platform. 

However, the global development of the 

metaverse industry is uneven, and companies need to 

strengthen their technological capabilities. The 

metaverse still faces challenges in many fields, in-

cluding security, education, talent development, re-

gional development balance, and technology in-

breeding. For example, how to achieve trusted 

minimum authorization under zero-trust security 

technology in the metaverse, how to apply real-world 

privacy computing, and how to adapt talent and basic 

education to the development of the metaverse tech-

nology industry. 

7. Conclusions

Several multi-interface metaverse ecosystems 

are forming gradually in response to diverse new de-

mands. The profound shifts in people’s jobs and lives 

that metaverse will bring are only beginning to show 

themselves. Case studies of metaverse development 

in sectors as varied as gaming, teleconferencing, ed-

ucation, commerce, manufacturing, and travel are 

the focus of this paper. This paper also explores the 

current state of VR and human-computer interaction 

technology in the metaverse, highlighting develop-

ments, roadblocks, and inevitabilities in this study 

area. From the viewpoint of technological advances, 

the rise of new technologies such as big data, cloud 

computing, AI, 5G connectivity, and blockchain in 

the Internet era has shifted the focus from isolated 

innovation to widespread participation. As more and 

more technologies are incorporated, metaverse ap-

plications are maturing. The metaverse is still in its 

infancy from a business model standpoint, so there is 

a lot of room for creativity in the market. Big names 

in tech as well as startups with fresh ideas, have en-

tered the race. The scope of the metaverse has 

grown beyond its original use cases in the realms of 

gaming, entertainment, and social applications, with 

growing evidence of its implementation in fields in-

cluding medicine, teaching, and manufacturing. The 

period of data has arrived, and while it may be prem-

ature to term this the metaverse era, there’s no deny-

ing it. Data serves both the backbone and algorithmic 

support for both AI and blockchain. However, the 

metaverse is a virtual world constructed by data, and 

once issues such as virus intrusion or account theft 
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occur, it will have serious consequences. Therefore, 

data security remains a top priority. Consequently, a 

sustainable development ecosystem must be estab-

lished for the future of the metaverse, which neces-

sitates rejecting the bubble and proliferation, laying 

a solid foundation in the initial stage, gradually im-

proving various structures and frameworks, and sys-

tematically solving many challenges. 

Conflict of interest 

The authors declare no conflict of interest. 

References 

1. Wang F, Qin R, Wang X, et al. Metasocieties in

metaverse: Metaeconomics and metamanagement

for metaenterprises and metacities. IEEE Transac-

tions on Computational Social Systems 2022;

9(1): 2–7.

doi: 10.1109/TCSS.2022.3145165.

2. Gaffric G, Peyton W. Liu Cixin’s Three-Body tril-

ogy and the status of science fiction in contempo-

rary China. Science Fiction Studies 2019; 46(1):

21–38.

doi: 10.5621/SCIEFICTSTUD.46.1.0021.

3. Burger B. Math and magic: Nnedi Okorafor’s

Binti trilogy and its challenge to the dominance of

Western science in science fiction. Critical Stud-

ies in Media Communication 2020; 37(4): 364–

377.

doi: 10.1080/15295036.2020.1820540.

4. Smith TB. The anthropocene in Frank Herbert’s

Dune Trilogy. Foundation 2021; 50(140): 62–75.

5. Şavkay C. Myth and fantasy in Margaret At-

wood’s Maddaddam trilogy. Hacettepe Üniversi-

tesi Edebiyat Fakültesi Dergisi 2019; 36(2): 244–

252.

doi: 10.32600/huefd.434008.

6. Chow J. Zoo-Optics: Mutant ethology and nonhu-

man visualities in VanderMeer’s Southern Reach

Trilogy. Science Fiction Studies 2022; 49 (3):

532–549.

doi: 10.1353/sfs.2022.0051.

7. Hildenbrand F, Hammer HW. Three-body hyper-

nuclei in pionless effective field theory. Physical

Review C 2019; 100(3): 034002.

doi: 10.1103/PhysRevC.100.034002.

8. Gao J, Hua Y. On the English translation strategy

of science fiction from Humboldt’s linguistic

worldview—Taking the English translation of

Three-Body Problem as an example. Theory and

Practice in Language Studies 2021; 11(2): 186–

190.

doi: 10.17507/tpls.1102.11.

9. Dyson SB. Images of international politics in Chi-

nese science fiction: Liu Cixin’s Three-Body

Problem. New Political Science 2019; 41 (3):

459–475.

doi: 10.1080/07393148.2019.1636567.

10. Kshetri N. Web 3.0 and the metaverse shaping or-

ganizations’ brand and product strategies. IT Pro-

fessiona 2022; 24 (02): 11–15.

doi: 10.1109/MITP.2022.3157206.

11. Buchholz F, Oppermann L, Prinz W. There’s more

than one metaverse. i-com 2022; 21(3): 313–324.

doi: 10.1515/icom-2022-0034.

12. Almarzouqi A, Aburayya A, Salloum SA. Predic-

tion of user’s intention to use metaverse system in

medical education: A hybrid SEM-ML learning

approach. IEEE Access 2022; 10: 43421–43434.

doi: 10.1109/ACCESS.2022.3169285.

13. Ljungholm DP. Metaverse-based 3D visual mod-

eling, virtual reality training experiences, and

wearable biological measuring devices in immer-

sive workplaces. Psychosociological Issues in

Human Resource Management 2022; 10(1):

64–77.

doi: 10.22381/pihrm10120225.

14. Huggett J. Virtually real or really virtual: Towards

a heritage metaverse. Studies in Digital Heritage

2020; 4(1): 1–15.

doi: 10.14434/sdh.v4i1.26218.

15. Cao X. The multiple bodies of the Three-Body

Problem. Extrapolation 2019; 60(2): 183–I.

doi: 10.3828/extr.2019.12.

16. Qin L. Strategies for translating chinese collo-

quial expressions into english in science fiction: A 

case study of English version of the Three-Body

Problem. International Journal of Education and

Humanities 2023; 6(1): 196–200.

doi: 10.54097/ijeh.v6i1.3091.

17. Deng G, Goh SS. Star effect and indirect capital

preponderance: A case study of The Three-Body

Trilogy. Translation and Translanguage in Multi-

lingual Contexts 2022; 8(2): 186–205.

doi: 10.1075/ttmc.00091.den.

18. Damar M. Metaverse shape of your life for future:

A bibliometric snapshot. Journal of Metaverse

2021; 1(1): 1–8.

19. Zhao S, Peng Q. Anthropocentrism in 2001: A 

space odyssey and the Three-Body Problem.

Comparative Literature Studies 2020; 57(3): 454–

463.

doi: 10.5325/complitstudies.57.3.0454.

20. Yang C, Lu B, Wang Y. A brief analysis of the

English translation version of Ken Liu’s The

Three-Body Problem based on the theory of func-

tional equivalence. International Journal of Social

Science and Education Research 2021; 4(10): 81–

86.

21. Erney HG. Ecological science fiction with Chi-

nese characteristics. MOSF Journal of Science

Fiction 2021; 5(1): 80–92.

17

https://doi.org/10.5621/SCIEFICTSTUD.46.1.0021
https://doi.org/10.1080/15295036.2020.1820540
https://doi.org/10.32600/huefd.434008
https://doi.org/10.1353/sfs.2022.0051
http://dx.doi.org/10.17507/tpls.1102.11
https://doi.org/10.1080/07393148.2019.1636567
https://doi.org/10.1109/MITP.2022.3157206
https://doi.org/10.1515/icom-2022-0034
https://doi.org/10.14434/sdh.v4i1.26218
https://doi.org/10.3828/extr.2019.12
http://dx.doi.org/10.54097/ijeh.v6i1.3091
https://doi.org/10.1075/ttmc.00091.den
https://doi.org/10.5325/complitstudies.57.3.0454


From Three-Body game to metaverse 

22. Şahin Ifo, Çiftçi Te. Metaverse’de gerçekleştirilen

işlemlerin vergilendirilmesi (Turkey) [Operations

performed in metaverse]. Fiscaoeconomia 2022;

6(2): 677–698.

doi: 10.25295/fsecon.1104368.

23. Hwang GJ, Chien SY. Definition, roles, and po-

tential research issues of the metaverse in educa-

tion: An artificial intelligence perspective. Com-

puters and Education: Artificial Intelligence 2022;

3: 100082.

doi: 10.1016/j.caeai.2022.100082.

24. Erney HG. Ecological science fiction with Chi-

nese characteristics. MOSF Journal of Science

Fiction 2021; 5(1): 80–92.

25. Long SZ. Paratextual translation strategies of the

English version of the Three-Body Problem. Lec-

ture Notes on Language and Literature 2022; 5(1):

18–22.

doi: 10.23977/langl.2022.050105.

26. Morrison MA. Baoshu: The Redemption of Time:

A Three-Body Problem Novel. World Literature

Today 2019; 93(4): 107–108.

27. Loebbert F, Plefka J, Shi C, et al. Three-body ef-

fective potential in general relativity at second

post-Minkowskian order and resulting post-New-

tonian contributions. Physical Review D 2021;

103(6): 064010.

doi: 10.1103/PhysRevD.103.064010.

28. Wu Y. Globalization, Science Fiction and the

China Story: Translation, dissemination and re-

ception of Liu Cixin’s works across the globe.

Critical Arts 2020; 34(6): 56–70.

doi: 10.1080/02560046.2020.1850820.

29. Dories J. Decentring anthropocentric narcissism:

The Novum and the EcoGothic in Cixin Liu’s The

Three-Body Problem and Ball Lightning. SARE:

Southeast Asian Review of English 2022; 59(1):

110–127.

30. Huang Y. The reincarnated giant: An anthology of

twenty-first-century Chinese science fiction. Chi-

nese Literature Today 2019; 8(1): 146–147.

doi 10.1080/21514399.2019.1618160.

31. Steiner P. Modern hard SF: Simulating physics in

virtual reality in Cixin Liu’s “The Three-Body

Problem”. Lublin Studies in Modern Languages

and Literature 2022; 46(3): 57–66.

doi: 10.17951/lsmll.2022.46.3.57-66.

32. Junker N. Chinese science fiction literature: Can

it do for China what K-Pop and Manga do for Ko-

rea and Japan?. Asia in Focus: A Nordic Journal

on Asia by Early Career Researchers 2019; (7):

24–33.

33. Fang K. Rethinking the orwellian imaginary

through contemporary Chinese fiction. Surveil-

lance & Society 2019; 17(5): 738–742.

doi: 10.24908/ss.v17i5.13458.

34. Jian L, Li H. On Chinese science fiction: Selected

essays and critical pieces in English, 2015–2020.

Science Fiction Studies 2021; 48(3): 537–555.

doi: 10.1353/sfs.2021.0061. 

35. Zhang S. Nationalist allegories in the post-human

era. CLCWeb: Comparative Literature and Cul-

ture 2021; 22(4): 19.

doi: 10.7771/1481-4374.3719.

36. Mystakidis S. Metaverse. Encyclopedia 2022;

2(1): 486–497.

doi: 10.3390/encyclopedia2010031.

37. Kim J. Advertising in the metaverse: Research

agenda. Journal of Interactive Advertising 2021;

21(3): 141–144.

doi: 10.1080/15252019.2021.2001273.

38. Gursoy D, Malodia S, Dhir A. The metaverse in

the hospitality and tourism industry: An overview

of current trends and future research directions.

Journal of Hospitality Marketing & Management

2022; 31(5): 527–534.

doi: 10.1080/19368623.2022.2072504.

39. Arpaci I, Karatas K, Kusci I, et al. Understanding

the social sustainability of the Metaverse by inte-

grating UTAUT2 and big five personality traits: A 

hybrid SEM-ANN approach. Technology in Soci-

ety 2022; 71: 102120.

doi: 10.1016/j.techsoc.2022.102120.

40. Lee JY. A study on metaverse hype for sustainable

growth. International Journal of Advanced Smart

Convergence 2021; 10(3): 72–80.

41. Ante L. The non-fungible token (NFT) market

and its relationship with Bitcoin and Ethereum.

FinTech 2022; 1(3): 216–224.

doi: 10.3390/fintech1030017.

42. Barrera KG, Shah D. Marketing in the Metaverse:

Conceptual understanding, framework, and re-

search agenda. Journal of Business Research 2023;

155: 113420.

doi: 10.1016/j.jbusres.2022.113420.

43. Zauskova A, Miklencicova R, Popescu GH. Vis-

ual imagery and geospatial mapping tools, virtual

simulation algorithms, and deep learning-based

sensing technologies in the metaverse interactive

environment. Review of Contemporary Philoso-

phy 2022; 21: 122–137.

doi: 10.22381/RCP2120228.

44. Bansal G, Rajgopal K, Chamola V, et al.

Healthcare in Metaverse: A survey on current

metaverse applications in healthcare. IEEE Ac-

cess 2022; 10: 119914–119946.

doi: 10.1109/ACCESS.2022.3219845.

45. Suh W, Ahn S. Utilizing the metaverse for learner-

centered constructivist education in the post-pan-

demic era: An analysis of elementary school stu-

dents. Journal of Intelligence 2022; 10(1): 17.

doi: 10.3390/jintelligence10010017.

46. Ahn SJ, Kim J, Kim J. The bifold triadic relation-

ships framework: A theoretical primer for adver-

tising research in the metaverse. Journal of Adver-

tising 2022; 51(5): 592–607.

doi: 10.1080/00913367.2022.2111729.

47. Seok WH. Analysis of metaverse business model

18

https://doi.org/10.25295/fsecon.1104368
https://doi.org/10.1016/j.caeai.2022.100082
https://dx.doi.org/10.23977/langl.2022.050105
https://doi.org/10.1080/02560046.2020.1850820
https://doi.org/10.1080/21514399.2019.1618160
http://dx.doi.org/10.17951/lsmll.2022.46.3.57-66
http://dx.doi.org/10.24908/ss.v17i5.13458
https://doi.org/10.3390/encyclopedia2010031
https://doi.org/10.1016/j.techsoc.2022.102120
https://doi.org/10.3390/fintech1030017
https://doi.org/10.1016/j.jbusres.2022.113420
https://doi.org/10.3390/jintelligence10010017


Lv 

and ecosystem. Electronics and Telecommunica-

tions Trends 2021; 36(4): 81–91. 

doi: 10.22648/ETRI.2021.J.360408. 

48. Wiederhold BK. Metaverse games: Game changer

for healthcare?. Cyberpsychology, Behavior, and

Social Networking 2022; 25(5): 267–269.

doi: 10.1089/cyber.2022.29246.editorial.

49. Dowling M. Is non-fungible token pricing

driven by cryptocurrencies? Finance Research

Letters 2022; 44: 102097.

doi: 10.1016/j.frl.2021.102097.

50. Bao H, Roubaud D. Recent development in

fintech: Non-fungible token. FinTech 2021; 1(1):

44–46.

doi: 10.3390/fintech1010003.

51. Dowling M. Is non-fungible token pricing

driven by cryptocurrencies? Finance Research

Letters 2022; 44: 102097.

doi: 10.1016/j.frl.2021.102097.

52. Golf-Papez M, Heller J, Hilken T, et al. Embrac-

ing falsity through the metaverse: The case of syn-

thetic customer experiences. Business Horizons

2022; 65(6): 739–749.

doi: 10.1016/j.bushor.2022.07.007.

53. Müller R. Rechtsprechung zur vermietung von

virtuellem land und implikationen für das

metaverse am beispiel vom decentraland (German)

[Case law of virtual land lease and its implication

to metaverse in decentraland’s example]. Um-

satzsteuer Rundschau 2022; 71(8): 281–289.

doi: 10.9785/ur-2022-710802.

54. Rospigliosi PA. Metaverse or simulacra? Roblox,

minecraft, Meta and the turn to virtual reality for

education, socialization and work. Interactive

Learning Environments 2022; 30(1): 1–3.

doi: 1080/10494820.2022.2022899.

55. Meier C, Saorín J, de León AB, et al. Using the

Roblox video game engine for creating virtual

tours and learning about the sculptural heritage.

International Journal of Emerging Technologies

in Learning (iJET) 2020; 15(20): 268–280.

doi: 10.3991/ijet.v15i20.16535.

56. Han J, Liu G, Gao Y. Learners in the Metaverse:

A systematic review on the use of roblox in learn-

ing. Education Sciences 2023; 13(3): 296.

doi: 10.3390/educsci13030296.

57. Chia A. The metaverse, but not the way you think:

Game engines and automation beyond game de-

velopment. Critical Studies in Media Communi-

cation 2022; 39(3): 191–200.

doi: 1080/15295036.2022.2080850.

58. Lee J, Kundu P. Integrated cyber-physical systems

and industrial metaverse for remote manufactur-

ing. Manufacturing Letters 2022; 34: 12–15.

doi: 10.1016/j.mfglet.2022.08.012.

59. Cheng R, Wu N, Chen S, et al. Will metaverse be

next internet? Vision, hype, and reality. IEEE Net-

work 2022; 36(5): 197–204.

doi: 10.1109/MNET.117.2200055.

60. Liu L, Song X, Zhang C, et al. GAN-MDF: An

enabling method for multifidelity data fusion.

IEEE Internet of Things Journal 2022; 9(15):

13405–13415.

doi: 10.1109/JIOT.2022.3142242.

61. Özenir İ. Metaverse ve üretim: Metaverse'ün

üretime etkileri (Turkey) [Metaverse and produc-

tion: metaverse influence of Metaverse on pro-

duction]. Erciyes Akademi 2022; 36(2): 559–573.

doi: 10.48070/erciyesakademi.1073659.

62. Mourtzis D, Panopoulos N, Angelopoulos J, et al.

Human centric platforms for personalized value

creation in metaverse. Journal of Manufacturing

Systems 2022; 65: 653–659.

doi: 10.1016/j.jmsy.2022.11.004.

63. Baía Reis A, Ashmore M. From video streaming

to virtual reality worlds: An academic, reflective,

and creative study on live theater and performance

in the metaverse. International Journal of Perfor-

mance Arts and Digital Media 2022; 18(1): 7–28.

doi: 10.1080/14794713.2021.2024398.

64. Jin K. Virtual technology in the real world of

COVID-19. XRDS: Crossroads, The ACM Mag-

azine for Students 2022; 28(2): 79–79.

doi: 10.1145/3495271.

65. Zhang Y, Fiore AM, Zhang L, et al. Impact of

website design features on experimental value and

patronage intention toward online mass customi-

zation sites. Journal of Fashion Marketing and

Management: An International Journal 2021;

25(2): 205–223.

doi: 10.1108/JFMM-11-2019-0261.

66. Rosete MEF, Prado G. A experiência do cliente no

projecto de design de interiores da Gucci Garden

Galleria (Portuguese) [Customer experience of

Gucci Garden Galleria interior design project].

DAT Journal 2022; 7(3): 90–103.

doi: 10.29147/datjournal.v7i3.650.

67. Feng L, Ng GW, Ma L. A review of an interactive

augmented reality customization clothing system

using finger tracking techniques as input device.

In: Alfred R, Lim Y, Haviluddin H, et al. (editors).

Computational Science and Technology: 6th IC-

CST 2019; 2019 Aug 29–30; Kota Kinabalu. Ber-

lin: Springer Link; 2020. p. 457–467.

68. Zhang T, Li G, Tayi GK. A strategic analysis of

virtual showrooms deployment in online retail

platforms. Omega 2023; 117: 102824.

doi: 10.1016/j.omega.2022.102824.

69. Berman B, Pollack D. Strategies for the success-

ful implementation of augmented reality. Busi-

ness Horizons 2021; 64(5): 621–630.

doi: 10.1016/j.bushor.2021.02.027.

70. Tlili A, Huang R, Shehata B, et al. Is Metaverse in

education a blessing or a curse: A combined con-

tent and bibliometric analysis. Smart Learning

Environments 2022; 9(1): 1–31.

doi: 10.1186/s40561-022-00205-x.

71. Lee H, Hwang Y. Technology-enhanced education

19

https://doi.org/10.1016/j.frl.2021.102097
https://doi.org/10.3390/fintech1010003
https://doi.org/10.1016/j.frl.2021.102097
https://doi.org/10.1016/j.bushor.2022.07.007
https://doi.org/10.9785/ur-2022-710802
https://doi.org/10.3390/educsci13030296
https://doi.org/10.1016/j.mfglet.2022.08.012
https://doi.org/10.1109/JIOT.2022.3142242
https://doi.org/10.48070/erciyesakademi.1073659
https://doi.org/10.1016/j.jmsy.2022.11.004
https://doi.org/10.1145/3495271
http://dx.doi.org/10.29147/datjournal.v7i3.650
https://doi.org/10.1016/j.omega.2022.102824
https://doi.org/10.1016/j.bushor.2021.02.027


From Three-Body game to metaverse 

through VR-making and metaverse-linking to fos-

ter teacher readiness and sustainable learning. 

Sustainability 2022; 14(8): 4786. 

doi: 10.3390/su14084786. 

72. Lee H, Woo D, Yu S. Virtual reality metaverse

system supplementing remote education methods:

Based on aircraft maintenance simulation. Ap-

plied Sciences 2022; 12(5), 2667.

doi: 10.3390/app12052667.

73. Yu JE. Exploration of educational possibilities by

four metaverse types in physical education. Tech-

nologies 2022; 10(5): 104.

doi: 10.3390/technologies10050104.

74. Tchomdji LOK, Park SJ, Kim R. Developing vir-

tual tour content for the inside and outside of

a building using drones and matterport. Interna-

tional Journal of Contents 2022; 18(3): 74–84.

75. Gao Y. Research on the Disney’s IP brand-build-

ing process and shaping tactics. Journal of Educa-

tion, Humanities and Social Sciences 2022; 5: 81–

88.

doi: 10.54097/ehss.v5i.2886.

76. Dincelli E, Yayla A. Immersive virtual reality in

the age of the Metaverse: A hybrid-narrative re-

view based on the technology affordance perspec-

tive. The Journal of Strategic Information Sys-

tems 2022; 31(2): 101717.

doi: 10.1016/j.jsis.2022.101717.

77. Pan Y, Kim K, Lee J, et al. Research on the appli-

cation of digital human production based on pho-

toscan realistic head 3D scanning and unreal en-

gine metahuman technology in the metaverse. The

International Journal of Advanced Smart Conver-

gence 2022; 11(3): 102–118.

doi: 10.7236/IJASC.2022.11.3.102.

78. Alpala LO, Quiroga-Parra DJ, Torres JC, et al.

Smart factory using virtual reality and online

multi-user: Towards a metaverse for experimental

frameworks. Applied Sciences 2022; 12(12):

6258.

doi: 10.3390/app12126258.

79. Durana P, Krulicky T, Taylor E. Working in the

metaverse: virtual recruitment, cognitive analyt-

ics management, and immersive visualization sys-

tems. Psychosociological Issues in Human Re-

source Management 2022; 10(1): 135–148.

doi: 10.22381/pihrm101202210.

80. Hawkins M. Virtual employee training and skill

development, workplace technologies, and deep

learning computer vision algorithms in the im-

mersive metaverse environment. Psychosociolog-

ical Issues in Human Resource Management 2022;

10(1): 106–120.

doi: 10.22381/pihrm10120228.

81. Schweitzer JB, Rizzo AS. Virtual Reality and

ADHD: Clinical assessment and treatment in the

metaverse. The ADHD Report 2022; 30(3): 1–9.

doi: 10.1521/adhd.2022.30.3.1.

82. Koo H. Training in lung cancer surgery through

the metaverse, including extended reality, in the 

smart operating room of Seoul National Univer-

sity Bundang Hospital, Korea. Journal of Educa-

tional Evaluation for Health Professions 2021; 18: 

33–33. 

doi: 10.3352/jeehp.2021.18.33. 

83. Lo SC, Tsai HH. Design of 3D virtual reality in

the metaverse for environmental conservation ed-

ucation based on cognitive theory. Sensors 2022;

22(21): 8329.

doi: 10.3390/s22218329.

84. Gadalla E, Keeling K, Abosag I. Metaverse-retail

service quality: A future framework for retail ser-

vice quality in the 3D internet. Journal of Market-

ing Management 2013; 29(13–14): 1493–1517.

doi: 1080/0267257X.2013.835742.

85. Adams D. Virtual retail in the metaverse: Cus-

tomer behavior analytics, extended reality tech-

nologies, and immersive visualization systems.

Linguistic and Philosophical Investigations 2022;

(21): 73–88.

doi: 10.22381/lpi2120225.

86. Han DID, Bergs Y, Moorhouse N. Virtual reality

consumer experience escapes: Preparing for the

metaverse. Virtual Reality 2022; 26(4): 1443–

1458.

doi: 10.1007/s10055-022-00641-7.

87. Tran NC, Wang JH, Vu TH, et al. Anti-aliasing

convolution neural network of finger vein recog-

nition for virtual reality (VR) human–robot equip-

ment of metaverse. The Journal of Supercompu-

ting 2023; 79(3): 2767–2782.

doi: 10.1007/s11227-022-04680-4.

88. Kozinets RV. Immersive netnography: A novel

method for service experience research in virtual

reality, augmented reality and metaverse contexts.

Journal of Service Management 2023; 34(1):

100–125.

doi: 10.1108/JOSM-12-2021-0481.

89. Kwok CP, Tang YM. A fuzzy MCDM approach to

support customer-centric innovation in virtual re-

ality (VR) metaverse headset design. Advanced

Engineering Informatics 2023; 56: 101910.

90. Shin D. The actualization of meta affordances:

Conceptualizing affordance actualization in the

metaverse games. Computers in Human Behavior

2022; 133: 107292.

doi: 10.1016/j.chb.2022.107292.

91. Egliston B, Carter M. Critical questions for Face-

book’s virtual reality: Data, power and the

Metaverse. Internet Policy Review 2021; 10(4):

1–23.

doi: 10.14763/2021.4.1610.

92. Hancock K. Geospatial mapping and remote sens-

ing technologies, spatial cognition and visual per-

ception algorithms, and virtual navigation and

ambient scene detection tools across the block-

chain-based metaverse. Analysis and Metaphysics

2022; (21): 227–243.

20

https://doi.org/10.3390/su14084786
https://doi.org/10.3390/app12052667
https://doi.org/10.3390/technologies10050104
http://dx.doi.org/10.54097/ehss.v5i.2886
https://doi.org/10.1016/j.jsis.2022.101717
https://doi.org/10.3390/app12126258
https://doi.org/10.1521/adhd.2022.30.3.1
https://doi.org/10.1016/j.chb.2022.107292
http://dx.doi.org/10.14763/2021.4.1610


Lv 

doi: 10.22381/am21202214. 

93. Kim HK, Jeong H, Park J, et al. Development of

a comprehensive design guideline to evaluate the

user experiences of meal-assistance robots con-

sidering human-machine social interactions. In-

ternational Journal of Human–Computer Interac-

tion 2022; 38(17): 1687–1700.

doi: 10.1080/10447318.2021.2009672.

94. Sun Z, Zhu M, Shan X, et al. Augmented tactile-

perception and haptic-feedback rings as human-

machine interfaces aiming for immersive intera-

tions. Nature Communications 2022; 13(1): 5224.

doi: 10.1038/s41467-022-32745-8.

95. Le X, Shi Q, Sun Z, et al. Noncontact human–ma-

chine interface using complementary information

fusion based on mems and triboelectric sensors.

Advanced Science 2022; 9(21): 2201056.

doi: 10.1002/advs.202201056.

96. Panagiotakopoulos D, Marentakis G, Metzitakos

R, et al. Digital scent technology: Toward the in-

ternet of senses and the metaverse. IT Profes-

sional 2022; 24(3): 52–59.

doi: 10.1109/MITP.2022.3177292.

97. Lv Z, Xie S, Li Y, et al. Building the metaverse by

digital twins at all scales, state, relation. Virtual

Reality & Intelligent Hardware 2022; 4(6): 459–

470.

doi: 10.1016/j.vrih.2022.06.005.

98. Liang H, Li J, Wang Y, et al. Metaverse virtual so-

cial center for the elderly communication during

the social distancing. Virtual Reality & Intelligent

Hardware 2023; 5(1): 68–80.

doi: 10.1016/j.vrih.2022.07.007.

99. Lee J, Lee TS, Lee S, et al. Development and ap-

plication of a metaverse-based social skills train-

ing program for children with autism spectrum

disorder to improve social interaction: Protocol 

for a randomized controlled trial. JMIR research 

protocols 2022; 11(6): e35960. 

doi: 10.2196/35960. 

100. Gao Y, Lu Y, Zhu X. Mateverse, the future mate-

rials science computation platform based on

metaverse. The Journal of Physical Chemistry

Letters 2022; 14: 148–157.

doi: 10.1021/acs.jpclett.2c03459.

101. Arif YM, Hayati HN. Learning material selection

for metaverse-based mathematics pedagogy me-

dia using multi-criteria recommender system. In-

ternational Journal of Intelligent Engineering and

Systems 2022; 15(6): 541–551.

doi: 10.22266/ijies2022.1231.48.

102. Wang Q, Tang L, Wang Y. Potential applications

of the metaverse in higher English education.

Open Journal of Social Sciences 2023; 11(1):

450–459.

doi: 10.4236/jss.2023.111031.

103. Jovanović A, Milosavljević A. VoRtex Metaverse

platform for gamified collaborative learning.

Electronics 2022; 11(3): 317.

doi: 10.3390/electronics11030317.

104. Siyaev A, Jo GS. Towards aircraft maintenance

metaverse using speech interactions with virtual

objects in mixed reality. Sensors 2021; 21(6):

2066.

doi: 10.3390/s21062066.

105. Brik B, Moustafa H, Zhang Y, et al. Guest edito-

rial: Multi-access networking for extended reality

and metaverse. IEEE Internet of Things Magazine

2023; 6(1): 12–13.

doi: 10.1109/MIOT.2023.10070411.

21

https://doi.org/10.1002/advs.202201056
https://doi.org/10.1109/MITP.2022.3177292
https://doi.org/10.1016/j.vrih.2022.06.005
https://doi.org/10.1016/j.vrih.2022.07.007
https://doi.org/10.1021/acs.jpclett.2c03459
http://dx.doi.org/10.22266/ijies2022.1231.48
http://dx.doi.org/10.4236/jss.2023.111031
https://doi.org/10.3390/electronics11030317
https://doi.org/10.3390/s21062066
https://doi.org/10.1109/MIOT.2023.10070411



