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2
Abstract: The metaverse has been evolving the internet-based education represented by e-learning.
Metaverse technology is currently being developed as a platform centered on content-based informa-
tion industries. It can be classified into four categories: augmented reality, lifelogging, mirror worlds,
and virtual worlds. Although current research finds that the potential of the metaverse is not small in
the education world, and metaverse technology is already being used in the sports world, concrete
applications have not been investigated. The main aims of this study, which started with this purpose,
can be summarized as follows. The metaverse environment is still in its rudimentary stage, and its
use related to physical education subjects is only at the game level. In the future, the utilization of the
metaverse by physical education subjects will be possible in universities only when more specialized
technology is grafted into various sports. Ultimately, this study contributes to expanding the scope
and depth of follow-up research by offering basic data showing the direction of metaverse-based
physical education.

Keywords: physical education; metaverse technology; platform; e-learning

1. Introduction

Due to the coronavirus pandemic that broke out in 2019, we currently live in a con-
tactless society, and numerous efforts are being made to return to the contact society that
existed before 2019 [1]. It would not be an exaggeration to say that we are currently living in
a “new normal” era, mixing contact and contactless interaction. In education, the metaverse
concept of using education combined with technology (Edu+Tech) is spreading throughout
the education world due to the prolonging of the coronavirus or corona-variant era, and
the acceleration of the fourth industrial revolution. Some schools have used the metaverse
to hold entrance ceremonies and orientations, and also for communication, and knowledge
transfer and sharing. As studies show, various attempts to use the metaverse in modern
society are being made in various fields [2]. In physical education, where practical classes
are mainly used, the means of overcoming this problem should be explored in depth. Using
Edu+Tech in the field of education can help to solve these problems to some extent. In other
words, it is possible to solve difficult problems posed by online learning by incorporating
the metaverse into physical education subjects.

Meanwhile, South Korea’s Ministry of Education has recommended that university
classes be switched to non-face-to-face online formats in consideration of the number of
corona-infected patients [3]. When the number of infected patients decreased to some
extent, the government recommended proceeding with offline classes, online classes, or
mixed types of classes. Here, most of the professors and learners insisted on contact classes
at the beginning of the coronavirus pandemic, but after experiencing two or three years
of online classes, they recognized significant advantages, and by the time they felt that
the coronavirus pandemic was more or less over, the number of professors and learners
involved in online classes had increased [3,4]. However, the problem is that the types of
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online classes described above are limited to classes related to theories. When the class is
concerned with practical skills, online classes are not easy to deliver [5,6].

The metaverse is a driving force in the evolution of internet-based education, pre-
viously represented by e-learning. Metaverse technology is currently being developed
as a platform centered on content industries, such as games [7]. The use of metaverse
technology in physical education could solve the following problems. First, the metaverse
should provide interactive technology with a high sense of reality in the virtual world.
Second, facilities that can enhance the sense of presence in augmented reality should be
provided. Third, content should be provided that can simulate the movements performed
in actual sports. At present, it is necessary to preemptively prepare a plan to respond
to the learning demands of physical education in the “new normal” era, and improve
educational efficiency. Therefore, in this paper, the concept of the metaverse is summarized,
and the characteristics of each metaverse platform type are investigated in terms of their
applicability in the practical classes of physical education. Additionally, based on these
findings, by presenting a task-oriented physical education model that integrates four types
of metaverse technology, this study intends to suggest a direction for metaverse-based
physical education as a new alternative to non-face-to-face physical education. In addition,
this study explored whether the four metaverse technologies can be used as a physical
education curriculum.

2. Metaverse Technologies

Metaverse is a compound word comprising “meta” and “universe”. Meta is a Greek
word meaning “transcendence or more”. Meanwhile, “universe”, which means “world”,
refers to the actual world we live in. With the recent development of artificial intelligence-
based technology, the imagined goals of mankind from about 30 years ago are being
made into realities that we can experience, and the metaverse continues to develop as an
expanded integrated space that connects the real world and the virtual world. Developers
have avoided the dichotomous approach of viewing the metaverse as an alternative or
opposite to the real world, as set out in the 2007 Metaverse Roadmap of the Acceleration
Studies Foundation (ASF). Instead, it is understood as the junction, nexus, and convergence
of the real world and the virtual world or virtual reality, thereby facilitating conceptual
development. Recently, a view has emerged that the metaverse and the virtual world are to
be regarded as the same concept, but the general view is that the real world and the virtual
world are fused [8,9]. Table 1 summarizes the types of metaverses.

Table 1. The definitions of four metaverse types.

Classification Definition Reference
It is a technology that enhances work efficiency by augmenting
Augmented . . o7 . . : .
. virtual information in real space in real time and allowing users to Kesim & Ozarslan, 2012 [10]
Reality . . . . .
interact with the augmented virtual information.
Lifelogging Itisa tec.hnology th.at captures, stores, an.d depicts everyday Gurrin & Smeaton, 2014 [11]
experiences and information about objects and people.
Virtual It refers to a specific environment or situation or the technology
Realit itself that is like reality but is not real, created by Wohlgenannt Simons & Stieglitz, 2020 [12]
y artificial technology.
It is a representation of the real world in digital form. It attempts to
Mirror map real-world structures in a geographically accurate way. It .
Worlds offers a utilitarian software model of real environments and Che & Lin & Hu, 2011 [13]

their workings.

Metaverse is a new paradigm that will replace the post-internet era, and it is being
defined in various ways by various researchers and organizations. In the metaverse, as
defined by the ASF (2007), the concept of “convergence of a virtually enhanced physical
reality and a physically permanent virtual space” is accepted as the most common. In
addition, it is defined as “a 3-dimensional (3D) virtual space where social and economic
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activities like the real world are used”, or “a new world and digitized earth contained in
digital media such as smartphones, computers, and the Internet that cannot be limited to
the virtual world” [14]. Other scholars define the metaverse as “a 3D-based virtual world
in which daily activities and economic life are conducted through an avatar representing
me in the real life”, and “the virtual and reality interact” [15]. It is also defined as a world
in which social, economic, and cultural activities take place in an advancing world, creating
value [16].

In Figure 1, a quadrant-based metaverse type is introduced; the horizontal axis repre-
sents the relationship between “Technology” and “User”, and the vertical axis represents
the relationship between “Technology” and “Reality” [9].
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Figure 1. Four Types of Metaverses.

The horizontal axis is a standard that shows the degree to which the external environ-
ment is reflected, and of user immersion intensification (intimate), as shown in Figure 1. On
the other hand, the vertical axis shows a criterion for distinguishing between the augmenta-
tion of reality, which is a space in which information is implemented, and simulation in the
virtual world. According to this standard, the horizontal axis is divided into external and
intimate elements, and the vertical axis is divided into augmentation and simulation. That
is, it can be classified into four categories: augmented reality, lifelogging, mirror worlds,
and virtual worlds.

3. Physical Education in a Metaverse Environment

In the current physical education field, interest in and demand for teaching and
learning activities based on virtual reality or augumented reality have been increasing,
and are currently being developed [11,12]. Among metaverse technologies, virtual reality
education has achieved considerable publicity via the installing and supporting of “virtual
reality sports classrooms” in several schools by the Ministry of Culture, Sports and Tourism
of Korea two to three years ago. In addition, sports games using augmented reality—for
example, screen golf, tennis, baseball, table tennis, yoga, dance, etc.—can be used as a
means of instruction in physical education activities. On the other hand, the lifelogging
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method records and manages physiological changes in the human body using a smart
watch; wheras the mirror world is a model in which, for example, several people are riding
bicycles together on one screen.

Based on this, metaverse physical education classes are being practiced using artificial
intelligence (golf, table tennis, e-sports), and are also exploiting the internet of mole (soccer,
football, yachting) and big data (baseball, outdoors, basketball) [17]. In particular, the
practice is spreading to physical education via virtual and augmented reality (basketball,
skiing, surfing, rafting, etc.) and cloud subjects (F1, American football, baseball, e-sports).
Case studies using mobiles (smart stadiums, mobile games) and the blockchain (living
sports platforms, game prediction, sports media, etc.) have also been reported [18,19].
Table 2 shows the current level of technological development using the metaverse across
the world [20,21].

Table 2. The functions, necessary tools, and examples according to four metaverse types.

Classifications Definitions Examples
Mg Spors eyl e sl lormation oy speripes 6 Tl ang Chien 227
Lifelogging inormation,cmotions,and bemaviors diree or through a device Egliston & Carter, 2021 [19]

A il poris worddl xpand sl sports sties nd sl g e hien, 202217
iy A lndod tchlogy il s e physa ot g v i, 219

For metaverse technology to be used effectively, a knowledge information delivery
system in the internet environment must be in place, and information technology capabili-
ties such as artificial satellite information networks must be developed beyond 5G or higher
networks. In addition, devices that can show virtual reality comparable to actual reality
must be developed. The advantages of augmented reality, lifelogging, and virtual reality
are that they can be used even in a small space, knowledge can be shared quickly between
instructors and learners, and costs can be low, because there is no intermediate margin such
as distribution or transportation. The advantages of the mirror world are similar to those of
the above three metaverse types, but here, the capacity for knowledge sharing between the
instructor and the learner is unknown. The disadvantages of augmented reality, lifelogging,
and virtual reality are that the purchase cost of the device is high, and the technical part
is not easy to understand. On the other hand, in addition to these disadvantages, the
mirror world also presents the disadvantage that it can only operate optimally when a
computerized information network of 5G or higher is established.

Virtual reality technology related to physical education has already been successful in
VR boxing, VR tennis, and VR table tennis. In addition, augmented reality technologies
such as screen golf, screen tennis, and screen baseball can be used as physical education
curriculums. In particular, among metaverse technologies, lifelogging can be widely
used in exercise physiology and training fields; while the mirror world also allows a
professor and a large number of students to ride bicycles together and teach correct exercise
methods on one screen. Figure 2 shows examples of augmented reality, lifelogging, mirror
worlds, and virtual worlds within the physical education context, assessed according to the
metaverse standards.
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Figure 2. Four Types of Physical Education Areas of the Metaverse.

4. Practical Classes of Physical Education by Metaverse Types
4.1. Augumented Reality and Physical Education Practice

Augmented reality is a technology that enhances work efficiency by augmenting
virtual information in real time and space [10,22]. It allows learners to interact with the
augmented virtual information, as shown in Figure 3.

e Screen Golf e Screen baseball

Figure 3. Practical physical education in augmented reality.

Screen golf (Figure 3a) is a game in which a ball that remains on the 18th hole is hit
with a golf club into each hole, just like in real golf. In a real golf game, the ball is hit with
the golf club from the 1st to the 18th hole. The person who hits the ball the lowest number
of times is the winner. A normal golf course is about 6-7 km long and takes 3—4 h to walk,
but screen golf takes about 1-2 h per person, because there is no walking distance. Like in
a real golf course, screen golf, with a total of 18 holes, consists of 9 out-course holes and
9 in-course holes. There are two par 3 holes (short holes), five par 4 holes (middle holes),
and two par 5 holes (long holes) for every nine holes in the first half and second half. The
standard number of strokes is 72 strokes when 18 holes are used. If a learner scores three
less than the number of holes, this is called an “Albatross”; two less than the number of
holes is an “Eagle”; one less than the number of holes is a “Birdie”; and if their score is
equal to the standard number of holes, it is a “par”. On the other hand, a score of one over
the number of holes is called a “Bogey”, two over is called a “Double bogey”, three over
is a “Triple bogey”, and four over is called a “Quadruple bogey”. In Korea, due to the
availability of screen golf, golf is becoming very popular, and its use is expected to be very
high in physical education.
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4.2. Lifelogging and Physical Education

A typical example of lifelogging is a smart watch. The smart watches released to date
usually function independently or as a peripheral device linked to a smartphone. Since this
device is in the shape of a wristwatch, the screen size is limited, so the input/output envi-
ronment is limited. However, as it is wearable and carried in close contact with the wrist,
the physiological information of the human body (heart rate, blood pressure, metabolic
consumption, body temperature, electrocardiogram and so on) is always acceptable [11]. It
is also possible to send a signal to the user as a haptic output through tactile senses such as
vibration. In addition, since it is fixed on the wrist, the smart watch’s information can be
read without using any hands, compared to smartphones that require at least one hand to
use. However, since humans are highly dependent on visual information, it is a general
assessment that the weaknesses outweigh the strengths, and that it will be widely usable as
a fully fledged smart device only if there is a breakthrough in user-interface development,
or a change in idea. Lifelogging is a method of augmenting the inner world [23]. In the
world of lifelogging, many learners use smart devices to record their daily lives on the
internet or on smartphones, as shown in Figure 4.

,,,,, .

157/30Mn

it T ‘
L

Figure 4. Practical physical education in lifelogging.

A culture of analyzing, recording, organizing, storing, and sharing information on
lifestyles through various forms of data generated from daily activities is currently spread-
ing. This daily digitization has the advantages of productivity, flexibility, relationship
orientation, and customization [24]. As shown in Figure 4b, Nike+ is a representative
example of a lifelogging technology applied to enable daily exercise. Nike+ is used to
motivate running and achieve goals by measuring and recording the distance, time, and
calories burned through the Nike+ sensor attached to the sneaker. In addition, the Nike+
running technology allows users to share their routes and records with other users [14].
In addition, Nike+ has developed a run club, providing running courses and customized
running programs.

Introducing augmented reality technology, the wearing of goggle-like glasses offers a
virtual partner, such as a “Ghostpacer” that runs with the learner [25]. This can be used as
a very effective exercise tool to continuously practice exercise, or control exercise intensity.
It can be used to introduce a virtual partner to suit the learner’s condition and adjust their
records, increasing motivation with the same effect as running with another person.

4.3. Virtual Reality and Physical Education

The virtual world is a type of simulation of the internal world. It uses virtual reality
technology, which includes sophisticated 3D graphics, avatars, and instant communication
tools, so that learners feel that they are completely immersed in a virtual world. In the
post-coronavirus crisis period, Korea is trying to cope with continuing outdoor sports
activities using virtual reality technology to avoid the effects of fine dust and bad weather.
The virtual reality technology is a virtual reality system that allows sports activities to be
performed while watching a screen, such as with screen golf in the classroom. In a situation
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where sports activities cannot be performed due to restrictions on outdoor activities, most
learners can still enjoy sports activities within virtual reality just as they would actually
play soccer or baseball. Virtual reality sports are sports that allow users to experience the
effects of real exercise within an augmented reality system in a virtual world. As described
above, screen golf, baseball, tennis, badminton, table tennis, horseback riding, and yoga
(shown in Figure 5) may be taught in the same way as in actual physical education practice.

Figure 5. Practical physical education in virtual reality.

4.4. Mirror Reality and Physical Education

The mirror world is a type of simulation of the external world, and refers to informa-
tionally enhanced virtual models or reflections of the real world [15,16]. The mirror world
is a metaverse that transfers the appearance, information, and structure of the real world to
a virtual world, as shown in Figure 6.

Figure 6. Practical physical education in the mirror world.

Rather than being the same as reality, it is as an efficient expansion of reality [20]. The
mirror world is made possible by lifelogging technologies such as mapping, modeling and
geospatial tools and sensors, and location recognition technology that connects real and
virtual spaces. Map information based on GPS, various data extracted from the real world,
and mapping technologies that connect them make the mirror world possible. Most of the
technologies corresponding to the mirror world are linked with maps such as Google Maps
and Naver Maps [14]. A learner can also search for the nearest exercise facility, check its
location, and make a reservation. In addition, they can prepare in advance as if they had
already visited the desired place.

The mirror world, which is being used in various fields in society and industry as a
result of recently developed technology, serves as a medium that makes it easy for humans
to accept their avatar in the metaverse as a familiar and comfortable personality, without
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any sense of alienation. Therefore, it can be easily used in a singular curriculum in the field
of physical education.

5. Discussion

This study was initiated to explore whether the four metaverse technologies can
be applied as a physical education curriculum. At this early stage, many metaverse
technologies related to the field of physical education are already being used in the game
industry and real life (smart watch, screen golf, etc.). The early metaverse was intended for
consumption-oriented economic activities such as the trading of items provided by service
providers. Currently, metaverse technology use is evolving in the direction of increasing
the connection between production and consumption in the real economy, such as when
users develop and produce games and items. This is true not only in the education field,
but also in the field of physical education, where practical skills must be emphasized. The
technological types of the metaverse have been developed independently so far [26], and
it seems that each type is gradually breaking down boundaries and evolving into a new
type of service, rather than them being clearly separated. Moreover, a new environment for
the visualization of information in the virtual world can interact in real time with the real
world [27].

Highlighting the trend toward big data, artificial intelligence, blockchain and other
digital technologies becoming a multi-agent collaboration, one study noted a top-level
design was further developed by the government, a resource allocation optimized by enter-
prise, and safety awareness raised at the individual level [28]. Thomason (2021) suggested
that metaverse technology will change health care methods in the future, and furthermore
will lead to collaborative working and education; as well as in clinical care, wellness, and
monetization [29]. These developments are attracting attention as the metaverse is increas-
ingly used for education and commercial use. Virtual reality, augmented reality, the mirror
world, and mirror reality are being comprehensively fused with technologies such as big
data, artificial intelligence, and 5G networks; and “extended reality” is emerging.

To smoothly undertake physical education classes in a non-face-to-face environment
such as the metaverse, many aspects still have to be resolved. To make this a reality,
physical education teachers need to develop professional education skills that can utilize
Edu+tech [30,31]. An online role-playing game, which is an example of a metaverse
technique, can also be used in an educational environment [32,33]. According to the results
of a study using this technique, the learning achievements and educational satisfaction
of the students who took part in the online role-playing game were higher than those
of the students who took the face-to-face class. Educational satisfaction and academic
achievements in the metaverse environment were analyzed by prior knowledge, learning
motivation, and network environment [34,35]. A research report further stated that the
immersiveness and effectiveness of learning can be increased through the presence of
content, which is the core of virtual reality technology. Moreover, more opportunities
may arise to design physical education classes using the metaverse platform, such as ‘in
“Gather Town”, and share the information obtained or provided through repeated case
studies [36]. These studies will make it possible to improve learners” immersion in the
task through realistic physical education experiences, and they can be expected to improve
the usefulness of learning and educational satisfaction, as well as interest in the class.
Meanwhile, the effectiveness of motor learning for students after physical education class
using the metaverse needs to be explored. Moreover, students’ physical activity levels after
metaverse physical activity should be evaluated. In the future, metaverse technology will
further evolve and advance into automation technology. In response, one study concludes
that the success of Al in various fields and development of information technology will
lead to the convergence of the sports industry and Al In particular, the authors reported
that traditional physical education is currently undergoing qualitative changes, and the
demands to incorporate artificial intelligence and the metaverse into physical education
are becoming more and more evident [37]. In any case, in order for the latest metaverse
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technology and future Al technology to be combined and fully utilized in the field of
physical education, appropriate professional development needs to be provided to teachers
with all levels of experience in the education field [38].

After addressing the characteristics of the metaverse related to the physical education
curriculum, the following can be concluded. First, the possibility of realizing the metaverse
increases when not only the instructor and the designer, but also the learners, who are
participants, have a worldview that has been created and is expanded together. In other
words, in the space created by the instructor, the learner is an active user who independently
consumes, produces, and spreads content, and they must become a user. Second, the
metaverse should be able to expand itself by creating content for both instructors and
learners. Third, the production of content and its consumption through digital currency
must be developed within the metaverse. Fourth, as an extension of daily life, activity
in the metaverse is not a one-time occurrence, but a continuous action, and users of the
virtual world and the real world need to give and receive to influence the experience.
Finally, virtual reality and the real world should be connected in the metaverse, and a link
established between the instructor and the learner within the metaverse. That is, learners
must transcend time and space to obtain information from the instructor through the
metaverse, and the learner should provide the instructor with positive or negative feedback
on the content received in the metaverse. Only then will the metaverse be able to provide a
sense of real existence and presence.

Augmentation systems create environments that make one feel as if one is playing
a real game. They are designed so that athletes can train as if undertaking physical ed-
ucation classes in the classroom. They have made it possible to experience the pleasure,
interest, emotion, and effect of actual exercise. On the other hand, an exploratory study
on the development of metaverse sports room content concluded that physical education
classes should develop content that is difficult to teach in the field of physical education.
Recently, virtual reality sports room content has been evolving to advance human imagery
ability and improve exercise performance [12,13,39]. In other words, virtual reality can
be used to accelerate exercise ability, refine motor skills, and make the emotional satis-
faction derived from interest and pleasure feel real. Sports in the metaverse have been
developed by the sharing of feedback regarding situational judgments in real-world reality.
In addition, the participants took part in the sport in virtual reality, with consideration of
their previous practical experience, pleasure, interest, and emotion. Ultimately, physical
education classes in the metaverse era will be developed while maintaining the “practice
and practice”-centered online framework The roles of teachers at this point will have to
change, from leaders and judges to collaborators and helpers. Furthermore, the role of
the student should not be one-sided, but rather they should be seen as a leader who leads
their own learning, immersing themselves in physical education classes and learning on
their own.

6. Conclusions

Through this review paper, the following conclusions and suggestions have been
derived for the use of the metaverse in physical education under the current situation. First,
in the space created by the instructor in the metaverse, learners must become active users
who independently consume, produce, and spread content. Second, instructors should be
able to professionally produce and transmit physical education content to learners. Third,
it is necessary to develop various content related to physical education. Fourth, it should
be remembered that daily life in the metaverse is a continuous action, and users in the
virtual world and real world must give and receive to influence outcomes. Fifth, a link
must be established between the instructor and the learner in the metaverse. In relation
to these five points, the metaverse environment is still in its developmental stage, and
its use in physical education is only at the game level. In the future, physical education
using metaverse technology will be possible in universities only when more specialized
technology is incorporated into various sports. Ultimately, this paper will help expand
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the scope and depth of follow-up research, offering basic data showing the directions of
development in metaverse-based physical education.
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