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ABSTRACT
In the era of the Web of Things, the Metaverse is expected to be
the landing site for the next generation of the Internet, resulting in
the increased popularity of related technologies and applications in
recent years and gradually becoming the focus of Internet research.
The Metaverse, as a link between the real and virtual worlds, can
provide users with immersive experiences. As the concept of the
Metaverse grows in popularity, many scholars and developers be-
gin to focus on the Metaverse’s ethics and core. This paper argues
that the Metaverse should be centered on humans. That is, humans
constitute the majority of the Metaverse. As a result, we begin this
paper by introducing the Metaverse’s origins, characteristics, re-
lated technologies, and the concept of the human-centric Metaverse
(HCM). Second, we discuss the manifestation of human-centric in
the Metaverse. Finally, we discuss some current issues in the con-
struction of HCM. In this paper, we provide a detailed review of the
applications of human-centric technologies in the Metaverse, as
well as the relevant HCM application scenarios. We hope that this
paper can provide researchers and developers with some directions
and ideas for human-centric Metaverse construction.
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1 INTRODUCTION
With the development of the Web of Things, the Metaverse [14, 55,
57] is a new type of Internet application and social form. It integrates
many new technologies, such as data science [21, 22, 61], artificial
intelligence (AI) [12, 48], the Internet of Things [41, 56], blockchain
[20], cloud computing [58], augmented reality (AR) [3], virtual re-
ality (VR) [49], and digital twins [19], etc. It creates a virtual world
that maps to the real world. In general, the Metaverse is regarded
as a fully immersive, hyperspace, self-sustaining virtual space that
integrates physical, human, and digital elements. By closely com-
bining the virtual world with the real world, users can use digital
avatars in the Metaverse to have a unique experience. Metaverse
is recognized as an evolving paradigm of the next-generation In-
ternet after the web, and its different participants are enriching its
meaning in their own ways.

The Metaverse is immature and in its infancy. It involves many
technologies in a wide range and takes time to realize them step by
step. How to build a Metaverse nowadays becomes an important
problem that needs to be solved [32]. In our opinion, the develop-
ment and even survival of the Metaverse are human-centric [40].
In other words, the Metaverse always serves humans, and it will
lose its meaning without the existence of human beings. For exam-
ple, the construction of the Metaverse needs to take into account
human experience [23]; the operation of the Metaverse requires
the organization and participation of human beings; although the
Metaverse is a virtual world, it still needs to consider the various
rights of human beings, and it needs to fight against crimes [40],
etc. Since the conception and ideas of the Metaverse come from hu-
man beings, the Metaverse needs to follow the principle of putting
people first. In fact, the beginning of Metaverse opened up products
and services that connect the virtual world and the real world, and
this is about serving human beings. Metaverse is the product of
the interconnection between the virtual world and the real world,
and it is also a tool for human beings to explore the world and
communicate with each other in the world.

The construction and development of the Metaverse ought to
follow the human-centric principle [63], and the specific perfor-
mance is as follows. Firstly, the Metaverse should be humanized
and people-oriented. At its core, the Metaverse is humane and
should be dedicated to helping others, not extending the interests
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of entrepreneurs and system designers. The development of the
Metaverse should start with human experience and determine how
the world should work [42]. There are companies whose short-term
profit motives may conflict with this vision, which is unhealthy
and unsustainable. Secondly, the operation of the Metaverse must
be based on the group’s standards. The owners of the Metaverse
must be people instead of a corporation. The Metaverse advocates
for people to be able to create rather than just consume [47]. For
companies seeking long-term growth, this is a must and should be a
guideline. Thirdly, accessibility and inclusion are imperatives in the
Metaverse. Thirdly, the Metaverse should be a victory for diversity,
equity, and inclusion (DEI) [70]. The Metaverse enables anyone to
participate in various activities in it, and not only those with status
and money can enjoy it, which is a vision for the future Metaverse.
In other words, people regardless of skin color, nationality, industry,
status, or gender can freely discuss and communicate in the future
Metaverse. If the future Metaverse can be human-centric, it will
have considerable potential. As long as technologies are sufficient
to support the functioning of the Metaverse, the Metaverse enables
them to span distances in this virtual world [45].

Contributions: We are convinced that the essence of the Meta-
verse is to create a human-centric future social ecology that inte-
grates the virtual and real worlds, or to create a human-centric
Metaverse (HCM). We believe that the human-centric Metaverse
remains a powerful force for long-term positive changes now and
in the future. This research focuses on the opportunities for HCM.
The main contributions of this paper are as follows.

• We discuss why we should be human-centric and introduce
the concept of the human-centric Metaverse. We also intro-
duce and discuss the characteristics and key technologies of
the Metaverse. This is the first review for HCM.

• We summarize how the technology of the Metaverse embod-
ies human-centricity and then introduce the key technolo-
gies of the HCM in detail. Furthermore, how the technologies
could improve to make the Metaverse more human-centric
is discussed in-depth.

• We detail the application scenario of the HCM in reality. Ad-
ditionally, some open problems of the human-centric Meta-
verse are highlighted, as well as some opportunities.

• Finally, we give a conclusion to this paper and set out our
future vision for HCM.

Organization: The rest of the paper is organized as follows. In
section 2, we briefly describe the Metaverse’s concept, character-
istics, and technical support. Then, in Section 3, we put forward
the human-centric Metaverse, including why it should be human-
centric and what is the human-centric Metaverse. In Section 4,
we present the human-centric concept in the Metaverse technol-
ogy. Section 5 summarizes the application scenarios of the human-
centric Metaverse in reality. Then, in Section 6, we discuss the
problems facing the construction of the human-centric Metaverse.
Finally, we summarize the entire paper in Section 7.

2 METAVERSE
"Metaverse"1 was first proposed by Neal Stephenson in the cy-
berpunk science fiction book Snow Crash in 1992. In this novel,
1https://en.wikipedia.org/wiki/Metaverse

the Metaverse is a virtual cyberspace parallel to the real universe,
where everyone can experience it immersively through their net-
work avatars. Metaverse is composed of two roots, Meta and verse
[63]. Meta means transcendence in Latin, and the verse is taken
from the universe, which means beyond the present universe, that
is, the future universe. At the moment, the Metaverse is the post-
reality universe, a perpetual and persistent multiuser environment
merging physical reality with digital virtuality [43], and it is the
trend of Internet development in the future. The Metaverse is a new
norm of network platform that integrates social networking, public
services, intelligent manufacturing, medical health, education, and
other functions [20]. It is also a unity of information technology,
a comprehensive technical form with blockchain, artificial intel-
ligence, VR/AR technology, digital twins, and other technologies
as the underlying architecture [42]. Its existence is not to separate
from reality but to emphasize a new form of the Internet that is
symbiotic between the virtual and the real and human-centric [24].

2.1 Characteristics of the Metaverse
As a new Internet application, theMetaverse integrates various new-
era technologies, combining multiple disciplines and industries.
Specifically, the Metaverse shows unique characteristics from the
following perspectives:

1) Immersion: Immersion is the key to breaking the real and
virtual walls between theMetaverse and the real world. With the de-
velopment of AR, VR, and other technologies, computer-generated
virtual space can allow users to immerse themselves psychologi-
cally and emotionally. In the future, people will receive information
through hearing, vision, touch, and perceive the world in the Meta-
verse through the third dimension of touch [16, 17, 38].

2) Hyper spatio-temporally: It is a term used for existence in
both space and time [54], which refers to breaking the limits of
both time and space. However, the Metaverse is a virtual network
world parallel to the real world [44], where users can experience
different lives in different time and space latitudes.

3) Sustainability: Numerous enterprises and developers jointly
construct the Metaverse’s common underlying standards and value
norms [62]. It has the characteristics of high liberalization and
decentralization. The bankruptcy of individual enterprises or the
withdrawal of creators will only affect the survival of part of the
independent small world in the Metaverse. The construction and
development of the platform will not be delayed and will continue
to develop indefinitely in an open-source and transparent way.

4) Closed economic system: It indicates that the Metaverse
maintains a closed economic loop and a consistent value system
with a high level of independence [63]. In the Metaverse, the value
of users’ production and work activities will be confirmed in the
form of the unified currency of the platform [6]. This currency can
be used to consume content on the Metaverse platform and can
also be exchanged for legal tender in real life at a certain ratio.

2.2 Key Technologies of the Metaverse
Metaverse is the combination of the real world, the virtual world,
and human society. To build it, many different software and hard-
ware technologies must be used in a wide range of ways. There
are six key technologies, including blockchain, human-computer
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interactivity, electronic games, artificial intelligence (AI), network
and computing technology, and the Internet of Things (IoT). Key
technologies evolved with the development of the Metaverse. Pre-
vious studies [41, 44] believe that there are four categories of key
technologies in the Metaverse: communication computing infras-
tructure, fundamental common technology, virtual reality object
connection, and virtual reality space convergence.

Communication computing infrastructure. 1) Communica-
tion technology: Real-time transmission and real-time interaction
are essential because the Metaverse is immersive and low-latency
[58]. 5G has a huge bandwidth, low latency, and excellent depend-
ability [1], making it feasible for real-time communication within
the Metaverse. As the newest kind of connectivity, 6G is capable of
incredibly quick transmission. Users in the Metaverse can get better
input faster thanks to 5G and 6G, resulting in a more immersive
experience [35]. 2) Internet of things (IoT): In the Metaverse, the IoT
acts as an information bridge between the real and virtual worlds
[? ]. Users can interact with the real and virtual worlds in real-time
thanks to IoT [51]. Because interactive objects equipped with sen-
sors and smart terminals can quickly collect, transmit, and process
data, the Metaverse provides users with an instant and smooth
interactive experience. 3) Other technologies: Cloud computing has
efficient computing capabilities, while edge computing provides
data computing services at the edge of the network, providing low-
latency services. Quantum communication can ensure the security
of Metaverse communication [44].

Fundamental common technologies. 1) Artificial intelligence
(AI): It is an intelligence that can imitate human intelligence for
learning and creation. AI accesses enough data and calculates
rich knowledge through appropriate algorithms. Previous stud-
ies [41, 44, 67] believe that one of the roles of AI in the Metaverse is
to generate digital content, and AI technologies such as computer
vision, natural language processing (NLP), and speech recognition
are responsible for it. 2) Other technologies: Avatar is the digital
avatar of users in the Metaverse, which captures our appearance
characteristics and reproduces them in the Metaverse. The spatio-
temporal-based algorithm determines the time passage of the posi-
tioning and movement of the user space in the metaverse, helping
the Metaverse run more efficiently [41].

Virtual reality object connection. 1) Blockchain: It is a chain
composed of information blocks generated in chronological order
[50, 73]. Blockchain truly realizes the decentralization of informa-
tion, and the data is difficult to tamper with. Therefore, blockchain
creates a trust mechanism, so that each user can create their own
identity, social relationships, and personal property in the Meta-
verse. "Peer-to-peer" transmission can also make the assets and
belongings in the Metaverse flow safely and reliably between users,
helping the Metaverse to realize social and economic systems. In
the Metaverse, blockchain is applied to transactions, copyright
confirmation, etc. 2) Other technologies: Identity modeling is the
embodiment of the user’s personal data and personality in the
Metaverse. Social computing is to analyze social interaction and
development from social behavior [41]. Decentralized technologies
including distributed computing, storage, and distributed databases,
serve the social relations in theMetaverse. Among them, blockchain
makes distributed computing and storage safe and reliable [41].

Virtual reality space convergence. 1) Human-computer inter-
action (HCI): HCI is the entrance to the Metaverse, which includes
virtual reality technology (VR), augmented reality technology (AR),
and mixed reality technology (MR). When the users wear VR head-
sets, VR replaces the sound and picture of the real world with those
of the digital world, and thus the rich digital audio-visual experi-
ence provides users with an immersive experience. Through device
identification and software calculations, AR makes digital images
and sounds superimposed on those of the real world, and then users
receive the final visual and auditory sensation. MR is a combination
of AR and VR [46]. Digital objects and real objects coexist, and
interactions between them also exist. 2) Video games: Currently,
video games are the most intuitive embodiment of the Metaverse,
and they serve as a prototype of the Metaverse [44]. The real-time
rendering of video games applies to the user avatar to make it real-
istic, and the game engine helps with image development, making
immersion [41]. 3) Other technologies: include brain-computer in-
teraction (BCI), which collects brain signals, analyzes features, and
then outputs feedback, so the output is determined by the users’
intentions [41]. The feedback can even be a stimulation signal to the
brain, allowing users to generate various sensory experiences [34].
Holographic image generates three-dimensional imaging visible to
the naked eye, free of headsets [44]. The process of BCI is as shown
in Figure A2.

3 HUMAN-CENTRIC METAVERSE
3.1 The Proposal of HCM
In order to mitigate the existing or potential negative impacts of
the practical application of AI, Stanford University, the University
of California, Berkeley, and other universities have respectively
established human-centric AI (HAI) research institutions. This rep-
resents the official introduction of the concept of HAI. The HAI
concept emphasizes that AI research and development should ben-
efit human beings and be ethical [8, 36]. Yu [68] proposed that "the
Metaverse is a human-centric future amphibious social ecology".
He believes that the Metaverse combines virtuality and reality, and
thus it could greatly broaden the scope of human exploration. By
using "digital clones", human beings can explore in virtual space
without being limited by time and space, create the experience,
and realize value. Therefore, we can believe that the Metaverse
is human-centric. This is the original proposal for the concept of
"human-centric Metaverse" (HCM).

3.2 Why Metaverse Should be Human-centric
At present, there is a global trend toward the Metaverse, and the
concept of a human-centric Metaverse has been proposed [68]. The
question we should consider carefully is: Why should theMetaverse
be human-centric? The specific reasons are as follows.

One of the elements of the Metaverse is immersion, which shows
that the Metaverse is supposed to serve people’s feelings [30]. If one
day the Metaverse is put into use, in order to make users willing to
spend time and effort in the Metaverse, it is necessary to let users
have a sense of immersion, so that they can obtain entertainment,
make friends, learn something, and gain real-world experience just
like in the real world.
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The Internet entrepreneur at Tencent said that all technologies
must ultimately serve people. Almost all the development of tech-
nologies stems from humans’ yearning for a better life, so the real-
ization of technologies should meet human needs. The executive
director of the Metaverse Industry Committee said, "The idea of
Metaverse originated from people’s pursuit of a happy life, so it
was created to serve people and make life more convenient." Yu et
al. [69] believe that the Metaverse is people’s imagination of the
ultimate medium, and humans are the measure of the medium, so
humans should be at the core of the Metaverse. Because the user’s
"digital avatar" in the Metaverse has a comprehensive connection
with the user’s senses, the users have the subjective initiative in
the Metaverse. This establishes the subjectivity of human beings in
the Metaverse.

The key to the rise and sustainability of the Metaverse is whether
it can create a new way of production, life, and cognition for human
beings. In other words, human feelings limit the scope of application
of the Metaverse. Therefore, the development of the Metaverse
should meet human needs and bring a better life to human beings
[4]. The Metaverse should be human-centric, whether this is due
to the features of immersion in the Metaverse, the nature of it as a
medium, or the necessities of the Metaverse’s evolution.

3.3 What is a Human-Centric Metaverse?
As shown in Figure 1, the human-centric Metaverse (HCM) should,
in our opinion, include human, technological, application, and ethi-
cal aspects. Details are provided below.

Decentralization

Human Value

Human-Centric 
Metaverse

Human

Technology Application

As an aid

Serve human

Own by human Individualization

Interactive

Network

AI

Ethic

Interdisciplinary appoach

Effective development practice

Meaningful human control

Figure 1: Human-centric Metaverse

1) Human aspects: HCM refers to the Metaverse owned by
users or humans, not by some companies. This Metaverse advocates
the will and interests of people, not just the interests of people or
companies that promote the design of systems. In other words, the
human-centricMetaverse is aMetaverse that takes the realization of
human value as the precondition for the realization and sustainable
development of the Metaverse and regards the improvement of
human progress and well-being as the first principle.

2) Technology aspects:HCM is an organic combination of differ-
ent human-centered technologies. To truly be the ultimate medium,
the Metaverse should become an infinitely explorable reality. There-
fore, Metaverse needs various technologies to achieve a rich sen-
sory experience, a low-latency network, and a real social life. It also
needs to reduce costs to become a service that everyone can accept.

3) Application aspects: HCM is an application mode that fo-
cuses on reality while supplementing it with virtual reality. It is
not a virtual world separate from reality. HCM is combined with
various real-world application scenarios, with humans as the main
body, and views the ability to build a virtual world as a tool to help
people realize various unimaginable experiences in the real world.

4) Ethical aspects: HCM is to develop an ethical and responsi-
ble Metaverse by combining interdisciplinary methods, effective
development practices, and other methods and utilizing meaningful
human control to ensure the rights and interests of fairness, human
privacy, ethics, human decision-making power, and other aspects
in the development of human-centric Metaverse.

The core of HCM is human. Through the mutual support of
humans, technology, application, and ethics, HCM can build a world
that focuses on human services and always supports the user expe-
rience [72]. This Metaverse gives people the right to create, not just
consume. It creates a more accessible, more flexible, more experi-
ential, and more effective surreal scene for human beings through
the mixed reality of virtual and real integration. In this Metaverse,
everyone is the creator and god of their world. The Metaverse can
change people’s minds and carry out various personalized opera-
tions. That is, all services of the Metaverse are carried out around
the subject of human beings.

The characteristics of HCM. In our opinion, there are several
characteristics of HCM. i) Highly accessible and inclusive. The HCM
is the second home created for all and is highly inclusive, which
means that theMetaverse can accept the landing and use of all kinds
of people. Whether the person is healthy or not, the service of the
Metaverse is accessible to them. In addition, everyone, whether
healthy or disabled, will be affected by digital accessibility. The
HCM has a richer and better digital access mechanism. For example,
a single controller designed for the disabled without one hand will
also play a significant role when one of the two handheld controllers
is affected. ii) Be able to understand user behavior fully. In the
Metaverse, everyone will have their own personal role, and people
will transmit and show different virtual scenes of the Metaverse. In
order to ensure user experience, the HCM needs to understand this
new user behavior and expectation deeply. The HCM can better
maintain the human-centric user experience by learning, predicting,
and integrating human behavior and reasonably allocating the
technology and resources of the Metaverse [5].

4 KEY TECHNOLOGIES OF HCM
The Metaverse is realistic and immersive, giving people the same
realistic experience as the real world. But beyond the real world,
people are free to explore and create in the Metaverse [68]. As
shown in Figure A3, the Metaverse can use various technologies to
achieve full-sensory simulation, and real-time interaction, as well
as diverse choices.
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4.1 Sensory Feedback
VR, AR, brain-computer interaction (BCI), and holographic projec-
tion are responsible for providing sensory feedback to users.

1) Audio-visual feedback: VR and AR devices can cover the
user’s hearing and vision, bringing audio-visual immersion. Holo-
graphic projection can generate virtual three-dimensional images
visible to the naked eye. Users can interact with the Metaverse more
conveniently without wearing heavy equipment.

2) Other sensory feedback: BCI can also simulate nerve im-
pulses by sending electrical signals to the brain, giving people a
sensory experience. Meanwhile, BCI can successfully monitor the
user’s thoughts and actively assist the user in completing what they
want to do and how to do [34].

3) What can be improved: It is worth noting that the current
VR and AR technologies have only achieved audiovisual simulation.
To truly take the concept of a human-centric Metaverse a step
further, BCI should also be implemented to allow users to have
a sense of touch and taste in the Metaverse, so as to achieve the
user’s full sensory simulation [34, 68].

4.2 Faster and Better Experience
The Metaverse is an immersive environment, and users should have
real-time interactions with digital items and dynamic communica-
tion [27]. So whether the Metaverse is "fast" enough determines
whether users can have a good immersion.

1) Communication technology: At present, the minimum stan-
dard of communication technology required by Metaverse is 5G.
With low latency, network services will not suffer from slow con-
tent loading, video freezing, and other unsmooth phenomena like
4G networks. 6G can achieve extremely fast transmission and is
expected to help realize the real interconnection of everything and
provide a network foundation for the Metaverse [58].

2) Computing: Cloud computing provides powerful computing
capabilities, while edge computing provides low-latency computing
services, and the combination of the two in the Metaverse can ob-
tain low-latency and powerful computing capabilities. This enables
faster data transmission in the Metaverse, offering users a real-time
immersive experience [10].

3) The Internet of Things: Thanks to 6G and the internet of
things (IoT), in the future Metaverse, human life will benefit from
intelligent interaction anytime, anywhere [37]. Such interactions
allow users to more easily use tools to solve problems in the Meta-
verse. These prove that the Metaverse is human-centric.

4) What can be improved: However, in order to enable IoT
technology to truly bring users smooth and real interactions, efforts
are still needed in data collection and transmission. It relies on
more convenient interactive devices with better sensors, such as
nanosensors [44]. Besides, 5G is not fast enough for the Metaverse
[34], while 6G transmission capacity is greatly improved, and it
may meet the standard of the Metaverse.

4.3 Users’ Social Interaction
Technologies such as avatars, identity modeling, blockchain, and
social computing serve users’ social interaction.

1) User’s avatar: Avatars are digital avatars of users in the Meta-
verse. 3D scanning technology is now available to make avatars

that reflect the appearance of people as realistically as possible.
Rigorous identity modeling allows user data to more accurately
reflect the characteristics of users, providing a basis for users’ social
interaction in the Metaverse. Besides, the GAN can automatically
generate a 2D virtual avatar [34], allowing users to choose a virtual
avatar according to their preferences.

2) Real-time interaction: The real-time rendering technology
of video games can also be applied in the Metaverse. Real-time ren-
dering [41] of the user’s avatar to make it more realistically reflect
the user’s demeanor and movements, making the communication
between users more real and full of immersion.

3) Social computing: Social computing [44] studies the social
development trend of the Metaverse by collecting users’ data so that
the Metaverse can better serve people. The blockchain [67] creates
a trust mechanism, which enables the huge amount of user data in
the Metaverse to be properly preserved. Blockchain also ensures the
safe flow of messages and digital items (such as digital currency) in
the Metaverse, providing security for users’ social relationships and
economic systems. If quantum communication can be implemented,
the communication between users will become more secure, and
the concept of human-centric will go further.

4) Economic: Metaverse will deploy transaction methods for
users. It will be built on the basis of the blockchain, and users can
use cryptocurrencies that are connected with real-world currencies
to produce or consume in the Metaverse [67]. Cryptocurrencies will
become the mainstream payment method in the Metaverse [32].
And the decentralization of blockchain makes the virtual assets and
the identities of users reliable [67]. Blockchain and cryptocurrencies
can guarantee the development of commerce in the Metaverse,
allowing users to create economic value.

5) What can be improved: In the Metaverse, lots of users are
trading every second, which means blockchain nodes need to pro-
cess a large number of transactions in a short time. As a result,
related improvement should be introduced [67]. Cryptocurrencies
are poorly regulated, and they can be used anonymously or even
avoid censorship, which allows criminals to take advantage of them
and also makes cryptocurrencies a new means of fraud [39].

4.4 People’s Acceptance
Because Metaverse is the landing site for the new generation of
the Internet [41], its cost and services must be acceptable to the
general public, as most people spend a significant amount of time
on the Internet every day.

1) Lower cost: The game engine is the core technology of video
games, it makes the development of the game unnecessary to start
from scratch, and thus reduces a lot of repetitive work. The appli-
cation of the game engine in the Metaverse can make it easier to
create beautiful and realistic pictures, and reduce the cost of image
development [44]. What’s more, after accepting massive user data
and machine learning, AI can independently generate virtual world
content, and this can greatly reduce the cost of users in the Meta-
verse. It makes the Metaverse cheaper to implement and increases
its acceptance among users.

2) Better service: As one of the key technologies of Metaverse,
AI technology can be used to create digital humans and generate
content. Digital humans can serve as guides in the Metaverse, and
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by using NPL, digital humans can understand complicated con-
versations regardless of users’ accents or backgrounds [25], thus
promoting the Metaverse in the world.

3) More options and easier life: As the Metaverse grows, peo-
ple spendmore time in theMetaverse, so users beautify their avatars
as much as possible, making them look nice and attractive [32].
Avatar is the digital avatar of users, so digital decorations and cloth-
ing are easier to realize than those in the real world. Eliminating
the time cost of makeup and the money cost of buying beautiful
clothes in reality, avatars in the Metaverse will be very attractive
to users. In the future, users can even create hyperreal items easily
with the help of AI, and this undoubtedly can provide users with
more choices [25].

4) The mixed reality: The mixed reality provides easier lives
and equal opportunities for users. In the Metaverse, user avatars
will be able to teleport [43] without restriction. Imagine that one
day in the office, a good idea occurred in your mind, and you could
immediately have a meal with entrepreneurs from other countries,
within a few seconds. This saves a lot of money and time on trans-
actions, making life easier. At the same time, the mixed reality of
the Metaverse makes many remote services possible. At that time,
it will be possible for users to have equal opportunities for work
and education regardless of location. For example, social mixed
reality in the Metaverse can contribute to the democratization of
education [43].

5) What can be improved: It should be noted that AI is users’
tool to create, and thus ethic issues should be examined by Meta-
verse managers and users to reduce risks [25]. In general, AI should
be cheap to meet users’ acceptance.

5 KEY APPLICATIONS OF HCM
Under the influence of the global epidemic, people’s work modes
and living and entertainment styles have changed significantly
due to the COVID-19 control policy, from offline physical offices
and entertainment to online virtual [13]. Through virtual and real
integration, the Metaverse has the potential to profoundly alter
the organization and operation of the existing society. It is not a
substitute for real life. However, it will create a new way of life
with virtual and real two dimensions, hastening the birth of a new
social relationship of online and offline integration and providing
new vitality to the actual economy from the virtual dimension. As
a result, the Metaverse is in an early stage of development and has
a wide range of applications.

As shown in Figure A5, the Metaverse has a wide range of ap-
plications. These application scenarios also contain the concept of
human-centric. Details are present in the following subsections.

5.1 Education Metaverse
In the post-epidemic era, theMetaverse gradually showed its unique
role in education. In natural science and mathematics, Metaverse
can provide technical support. Metaverse can be used for language
learning and communication in the arts and humanities. In the
field of archaeology, the use of Metaverse can also provide students
with independent virtual mining opportunities [7, 60]. In this kind
of educational application, the concept of being human-centric or

student-centered is embodied. The Metaverse uses augmented real-
ity technology to make the virtual classroom more vivid, enabling
students to experience unique experiences. For example, the Crus-
cope’s virtual-tee as shown in Figure A4(a), can enable students
to examine the body interior, just like in the anatomy room. By
using virtual world technology to create virtual classes, students
can take classes online without going out. For example, the video
conferences systems such as Zoom, Teams, Tencent Conference,
and the classroom map in various 3D maps of Zepeto2 play the role
of the classroom in the post-epidemic era and realize remote non-
face-to-face teaching [31]. The human-centric Metaverse serves
students by using augmented reality, artificial intelligence, and
other technologies to make learning more vivid, convenient, and
comprehensive.

The Metaverse gives learners more opportunities to experience,
explore, learn, teach, cooperate, and interact with others in the new
world [26]. In the Metaverse, learners can learn in a virtual and
dangerous environment, experience the real world that they usually
have no chance to access, learn various knowledge and skills that
cannot be learned in the real world due to objective reasons, and
learn content that is irrelevant to their profession or specialty. The
foundation for realizing this is the Metaverse, which is supported
by the technology of the Metaverse and centered on the concept of
human-centric and student-centered.

5.2 Medical Metaverse
In medicine, the Metaverse also builds scenes and provides various
services around people. Among them, virtual reality technology pro-
vides adequate support for disaster medicine [65]. The construction
of post-disaster scenarios through virtual reality technology will
help medical workers cope with this chaotic environment calmly
and efficiently and will not shrink their skills because of the rarity
of such events so that medical workers can face various disaster
scenarios easily. In clinical medicine, as shown in Figure A4(b),
the intense immersion of the Metaverse can allow experts to con-
duct real-time remote guidance through the online construction
of surgical scenes [59]. Through the Metaverse, time and space
constraints have been broken, enabling experts from all over the
world to brainstorm and face problems and challenges together. The
use of the Internet of Things technology and the embedded devices
that integrate information and objects give the Metaverse excellent
development potential in medical care [53, 66]. For example, the
UK has developed wireless sensor networks. Sensors embedded in
cabinets, shoes, and other places can help the elderly when neces-
sary. Applying Metaverse technology in surgery simulation, patient
care, health management, and other aspects can effectively improve
patients’ experiences. In addition, the HCM also plays a massive
role in the education of medical students [29]. Using AR and VR
technology [2], medical students can enter the human body. By
building natural scenes, medical students can have a comprehensive
perspective and immersive operation experience [59]. In the above
applications, doctors, nurses, patients, and medical students are all
roles that people play in the medical field. The Metaverse is the
embodiment of the human-centric concept by providing different
services around different roles in different fields.

2https://web.zepeto.me
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5.3 Tourism Metaverse
The arrival of the epidemic has powerfully hit the tourism industry.
Moreover, the traditional tourism industry also has some common
problems. For example, the travel route of tourists is determined
passively, and there is no incentive to encourage tourists to continue
to browse, and it is challenging to promote other industries [64].
However, the popularity of the Metaverse and the human-centric
concept have brought some changes to the tourism industry, which
has spawned another way of tourism, that is, smart tourism [18].
Smart tourism means regarding tourists as the center, and then
we can enjoy the fun of tourism without leaving our homes, by
using artificial intelligence, big data, and other related technologies
of the Metaverse3. For example, in the travel of scenic spots and
historic sites, enhancing cultural heritage sites through immersive
MR and AR experiences can add value to the whole user’s participa-
tion, especially in combination with customization based on each
customer’s preferences, experience, and interaction with historical
projects in the real world [9].

Figure A4 (c) shows this specific application The Natural History
Museum has changed the form of the fossil exhibition through the
applications of AR. Through the application, visitors can cover the
mobile phone on the fossil and see the animals "resurrected in situ",
and the background related to the fossil will also be vividly dis-
played. Similar technologies will be applied to exhibitions in scenic
spots. Try to imagine that the ancient buildings or historical figures
in front of us become vivid and interact with us enthusiastically.
We can even travel in space by using Metaverse’s technology. In the
real world, space travel is an expensive business activity. However,
in the Metaverse, we can achieve immersive space travel through
virtual technology [71] and customize our interstellar travel.

The human-centric Metaverse provides a solution for the tourism
industry, featuring real-time, spatial, immersive, customized, 3D
rendering, and dynamic interaction. However, the combination of
the two is not limited to the use of 3D rendering equipment such
as XR to promote scenic spot projects but also needs to use the
multidimensional digital virtual environment and open cultural
and creative ecology of the universe to build an inclusive, free
development, tourist-centered tourism virtual world, and achieve
all-round service and industrial innovation.

5.4 Industrial Metaverse
As shown in Figure A4(d), Huang et al. cheated people worldwide
with a 14-second digital double4, at the NVIDIA press conference.
This 14 seconds clip is a successful marketing of the Industrial
Metaverse. The industrial Metaverse was born from the industrial
internet. The industrial internet is a combination of physical equip-
ment and information technology [52]. However, the industrial
Metaverse is the integration of the Metaverse and industry, which
closely integrates the real physical and virtual digital worlds5. Meta-
verse uses its unique hyper spatio-temporal characteristics to realize
virtual verification design, plan and optimize the manufacturing
process of the product life cycle, and solve the problems of the long

3https://en.wikipedia.org/wiki/Smart_tourism
4https://blogs.nvidia.com/blog/2021/08/11/omniverse-making-of-gtc/
5https://www2.deloitte.com/cn/en/pages/technology-media-and-
telecommunications/articles/metaverse-report.html

product test cycle and unstable manufacturing process. In addition,
the industrial Metaverse pays more attention to the collaboration
between virtual and real space. It emphasizes mapping and broad-
ening the operations that can be realized by the physical industry
in the virtual space, guiding the efficient operation of the physical
industry through the collaborative work and simulation operations
in the virtual space, empowering all links and scenes of the industry,
enabling industrial enterprises to achieve the goal of reducing costs
and improving production efficiency, promoting efficient collabo-
ration within and between enterprises, helping the high-quality
development of industry, and realizing the further upgrading of
intelligent manufacturing. In the era of the industrial Metaverse,
most physical products purchased by consumers come with digital
twins connected to the Internet of Things in real time and forever.
All kinds of physical information and consumer opinions in the
process of product use can be fed back in real-time to brand owners,
research and development institutions, manufacturers, and other
stakeholders in real-time through this digital twin, and those can
be combined to improve and perfect the product [28].

The industrial Metaverse is centered on three main entities: prod-
ucts, businesses, and consumers. It realizes the human-centric con-
cept and propels the industry to new heights by leveraging com-
prehensive digitalization, the support of blockchain production
relations, immersive communication, and the power of ubiquitous
AI technologies.

6 OPEN PROBLEMS AND OPPORTUNITIES
It is undeniable that this is the most subversive and innovative
era. The intergenerational cycle of the new generation of informa-
tion technology innovation with digitalization, networking, and
intelligence as its core has been significantly shortened, and the
application potential has been released in a fission way, which is
triggering the scientific and technological revolution and industrial
transformation at a faster speed, a broader scope, and a deeper
degree. However, despite the incredible pace of change, there are
still many challenges for realizing the human-centric Metaverse.

Cooperation. In order to realize the human-centric concept,
there is a lack of effective interdisciplinary collaboration. For ex-
ample, the personnel in charge of various technologies in the Meta-
verse lack the knowledge reserves of other disciplines. A more
effective communication language between different technologies
is also required. More effective cross-disciplinary collaboration
methods are also required. For example, some human-computer
interaction professionals continue to use traditional methods for
non-AI systems when developing AI systems, despite widespread
acceptance of appropriate methods from other disciplines. Further-
more, some people interpret the term "human-centric" differently.
For example, many AI developers believe that the problems that
cannot be solved by human-computer interaction, are now solved
by AI technology, so the human-computer interface does not need
to consider user experience, and professionals such as those in
human-computer interaction frequently participate in the project
after the product requirements of the AI project are defined. Their
collaboration frequently fails, resulting in the project’s failure. As
shown in Figure A7, we believe that we can solve the problem of
cooperation from three aspects: organization, society, and team.
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Network and computing power. The immersive experience
of the Metaverse can not be separated from the support of com-
puter graphics and image computing power, nor can it be separated
from low-latency network services. At the same time, it also needs
strong AI computing power and ubiquitous network connections
[11]. The ability of networks and computing power directly deter-
mines the depth and breadth of the application of the Metaverse.
However, there are still many problems with computing power and
the network. i) The problem of network and computing resources.
The network technology system and architecture are built around
people, and the computing technology system and architecture
are built around data, which means that there are differences be-
tween the two systems at the beginning of construction. ii) The
contradiction between ubiquitous networks and low-latency net-
works. Low-delay networks require a direct connection at both
ends of communication nodes as much as possible, while ubiqui-
tous networks require systematic design. If all flat mesh networks
are used to achieve ubiquitous full coverage, the cost of network
construction, operation, and maintenance will be huge.

Interactive technologies. There are many users playing in the
Metaverse at the same time, so real-time interaction between users
and virtual objects and multi-user interactions must be realized,
and such interactions should be consistent for all users. The users’
experience may be ruined because the processing of dynamic events
may cause delays or the information received by users is difficult
to synchronize [34]. VR headsets are currently relatively heavy,
and wearing them for an extended period of time can easily cause
shoulder and neck strain. Furthermore, VR devices frequently cause
nausea and motion sickness, and likely psychologically make users
outliers. Through interactive technologies, lawbreakers may cause
physical and mental harm to users. Due to the immersion of the
interaction technologies of the Metaverse, malicious programs can
implant uncomfortable virtual content, such as dizzying pictures or
violent pictures, thereby affecting the user’s feelings [33]. Because
of the immersion, violent incidents in the virtual world will provide
users with traumatic experiences without causing physical harm
[43]. In another case, if a malicious user in the AR world makes a
startling gesture towards other users, this may distract the users
from what they are doing, causing an accident [33].

Privacy and security. Metaverse provides users with immer-
sive experiences that are based on data collected from the real
world. Sensors attached to users can monitor and collect a vast
amount of physical and biometric data that might be sensitive to
the users, such as their personal aspects and sexual preferences.
The Metaverse collects and transmits personal information almost
constantly during the unprecedented immersion and interactiv-
ity by using sensors to scan and monitor the users’ surroundings.
In such a case, the risk of privacy violation has increased signif-
icantly [15, 63]. Data collection and data sharing by interactive
devices (such as AR) pose a great privacy risk [43, 63]. According to
the study [63], Metaverse managers may collect the user’s biometric
information on the terminal device worn by the user, such as eye
movement, facial expression, brain wave, and so on, and then meet
the user’s expectations based on this information, bringing users
more extreme immersion. This information may be shared among
Metaverse companies to improve Metaverse services. However, the
relevant storage, protection, destruction, and other processes have

not been perfected, and there is a hidden danger of being stolen.
Identity theft is possible in the Metaverse. Hackers can use system
flaws to commit identity theft, exposing private data such as assets,
passwords, and social lives to hackers. Not only that, after success-
ful identity theft, hackers can even use the user’s avatar to steal
more privacy from the user’s relatives and friends.

Digital ethics. Although digital ethics is not dissimilar to tra-
ditional ethics, there are risks associated with large-scale unin-
tentional or intentional unethical behavior. With the uncontrolled
technological development of the Metaverse, the previous studies
mostly highlighted the co-existing opportunities and threats for
humanity. Given the potential scale of impact, it is necessary to start
exploring ethical questions in the Metaverse. Forming and dissemi-
nating new socio-humanitarian rationality is a necessary condition
for the successful development of the Metaverse, which will ensure
control over the actions and activities of users. For example, users
should not be distinguished based on their ethnicity, language, reli-
gion, socioeconomic status, or other factors, so that everyone can
express their rights in the Metaverse. Meanwhile, algorithms should
not create prejudice based on erroneous connections made by an
unethical individual. Thus, identifying discrimination in algorithms
is a crucial and required effort. A well-managed Metaverse should
comply with ethical standards to extend the reach of its services in
the next generation of the Internet.

7 CONCLUSION
In this paper, we briefly describe the Metaverse’s relevant concepts,
characteristics, and technical support. In addition, the concept of the
human-centric Metaverse is proposed. Specifically, we introduce
the concept of human-centric, what is the human-centric Meta-
verse, and why the Metaverse should be human-centric. Further,
we detail the concrete embodiment of the human-centric concept
in the Metaverse technology, the combination, and application
of the human-centric Metaverse and reality. Finally, we discuss
and summarize the challenges faced by the current human-centric
Metaverse construction. We hope this paper can inspire more open
research in the field of Metaverse, promote the deep implementa-
tion of the human-centric concept in the Metaverse, and provide
researchers with new ideas for the development of the Metaverse
and the iteration of the new Internet.
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A APPENDIX

Brain-Computer Interaction
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Figure A2: The process of brain-computer interaction.
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Figure A3: Key technologies of human-centric Metaverse.

(a) Cruscope’s Virtuali-Tee (b) Surgery in Metaverse

(c) Fossil exhibition: reproduction of life (d) NVIDIA: digital double

FigureA4:Human-centricMetaverse in education [31],Med-
ical6, Tourism7 and Industry8.
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Figure A5: The applications of Metaverse.

3D scanning  Beautify avatar Digital clothing

Human avatar

Figure A6: User’s avatar9

Human-centric Metaverse

organization level

Social level

Interdisciplinary talents The government formulates 
favorable policies

Cross-industry and 
interdisciplinary projects

Team level

Based on people-centered organizational culture

Multidisciplinary 
team

Optimize HCM research 
and development

Interdisciplinary 
approach

Figure A7: Strategies for solving cooperation.

Definition Technologies Improvements

Sensory feedback Full sensory 
feedback bring 
immersion to users.

• XR: provide audio-visual feedback
• BCI: help to adjust to users' 

expectation

• To enable full immersion, it is 
necessary to realize taste and 
smell feedback

Faster and better 
experience

Faster transmission 
guarantee smooth 
experience. 

• Communication technologies: 
enable users to quickly 
communicate

• Computing technologies: guarantee 
efficient computing Services

• IoT: provide users with smooth 
interactions

• Faster speed: to guarantee 
network communication speed, 
6G need be introduced 

• Nanosensors: nanosensors can 
be studied and applied in the 
Metaverse to increase transfer 
speed 

Social interaction Rich and realistic 
social life offers 
users a sense of 
belonging in the 
Metaverse.

• Avatar: enable users to interact with 
others

• Real-time rendering: guarantee 
smooth interaction

• Social computing: to better support 
the society of the Metaverse

• Cryptocurrencies: enable users to 
trade in the Metaverse

• Improvements must be made to 
the blockchain, to avoid 
overloading blockchain nodes

• The regulation of 
cryptocurrencies should be 
improved

People's acceptance Lower cost and 
richer experience 
make more users 
to accept 
Metaverse.

• AI: independently generate digital 
content to lower the cost and 
produce digital human to guide 
users,  and serves as a tool for users 
to create

• Ethic issues: ethic issues about 
AI as a tool should be examined 
by Metaverse managers and 
users to reduce risks

• Lower cost: as a tool, the cost of 
AI should be lower.

Figure A8: Embodiment of human-centric in technologies.
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