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In the midst of going through a non-face-to-face society, most of human activities narrowed down to the
platform, restrictions on external activities are bringing the internal scalability of digital technology. Metaverse is
virtually shifting reality and increasing the possibility of utilization in various areas. However, researches linked to
the educational effects of metaverse, especially students with disabilities, are still an unknown area that lacks
exploration. This paper focuses on the fact that metaverse-education is widening educational fields that meets the
various needs of disabled students to realize social good and inclusive education, and communication effects such as
resolving barriers to interaction are prominent. As a research method, examining literature research papers linked to
AR/VR, metaverse with communication skills, interviews, articles, and columns by experts, and policy suggestions and
implications for the special education was conducted. Although the limitations of research are confirmed, significant
results are found on inclusive education, which provides educational maximizing effects and realizing human rights
through direct immersive experience reflecting the Cone of Experience Theory. Hopefully follow-up studies on
meta-edu for disabled students will be carried out in the future, and various interdisciplinary discussions are needed
to carefully observe inclusive policies and benefits so that the socially vulnerable are not excluded from technologies
in ICT society.
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1. Introduction

UNESCO (2021) says that the 2030 agenda for
sustainable development is inclusive educational
practice, which focuses on ensuring that no one falls
behind and provides special opportunities to create

a more inclusive and fair society. Sustainable
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Jinsoon Song

Educational Development is a lifelong learning
process that respects cultural diversity, enables
informed decision-making, responsible behavior
with knowledge, skills, values, and attitudes for a
fair society that empowers environmental integrity
and economic viability for the future generations.

It is the important agenda to implement policies of

* This is the paper funded by academic support from Dong-A University.
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inclusive education to reduce alienation and exclusion
of students with different learning preferences in an
educational system that meets their needs. Special
education reaches the comprehensive concept for the
handicapped, especially who are unable to adapt to
existing education systems due to a variety of
physical, psychological or emotional problems. Each
child should be guaranteed the right to be educated
according to individual learning needs (Lindsay, 2018).
The Ministry of Education in Korea revealed “2022
Revised Curriculum” that will promote the vision
of realizing inclusive education that encompasses
all and fostering self-directed innovative talents with
future capabilities. The education that supports
students’ individuality and diversity and develops the
ability to respond more flexibly to the rapidly changing
social environment will become more important in
the future(Korea Policy Briefing, 2022).
Advances in ICT have expanded their educational
scope to e-learning through various online platforms
(Lin et al.,, 2015) and provided various learning
experiences in various ways like ubiquitous learning
(u-learning), augmented reality(AR), virtual reality
(VR), mobile learning(m-learning) and gamification.
Similarly, the importance of human-robot interaction
(HRI) and the interaction between humans and
robots may appear in a direction which robots
affect human cognition, or on the contrary, human
cognitive changes affect robot control(Lee & park,
2021). Moreover, those are more frequently used in
the special education(Autism, or Asperger, ADHD
syndrome etc.) who are primarily disabled or require
a variety of teaching methods (Lin et al, 2015). In

particular, AR can combine and superimpose real
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objects and virtual objects with information, and
augmented information is not limited to vision but
can be applied to all five senses(Azuma et al, 2011).
Favoring a number of ways to engage students in
various emotional expression means, AR can be a
preferred developmental strategy in the inclusive
curriculum, behaviors, and learning processes (Sheey
et al, 2014). This thesis purposes the special
education with AR/VR (one of the techniques of
using Metaverse) is intended to be linked to the
utilization aspect of metaverse for disabled students.
Currently, researches on the use of metaverse in
education for disabled students lack empirical data
and are still in the process of introducing and
constructing educational resources. In order to
ensure understanding and validity of the subject of
the thesis, knowledge of technologies, terminologies
and devices, those will be sufficiently offered first
before discussing research methods. Chapter 2
examines the concept and versitility of metaverse
as a user interface for special education including
interoperability, examines The Cone of Experience
Theory which can explain the effectiveness of
direct and immersive experience. In Chapter 3, the
necessity of metaverse education(thererafter meta-edu)
for the communicative aspects of D.N.A. and
metaverse ecosystem is emphasized by citing
literature researches, expert interviews, articles and
columns, and the functional aspects of metaverse
for realizing social good. Chapter 4 presents the
limitations and implications of meta-edu. In
Chapter 5 is on policy suggestions. The conclusion

is in Chapter 6.
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(Table 1) Four Types of Metaverse Classified by ASF

are superimposed in real
space and interacted

experiences and information
about things and people

external environment
information

Sortation Augmented Reality Lifelogging Mirror World Virtual Reality
An environment in which | Technology to capture, Reflects the real world, |A Virtual World Built
Definition virtual 2D and 3D objects | store, and share daily but integrates and delivers | with Digital Data

Characteristics

Leverage location-based
technologies and networks
to create a smart environment

Use augmented technology
to record information about
objects and people

Leverage virtual maps,
modeling, and GPS
technology

Based on the interaction
activities between avatars
in which the user’s ego
is projected

Field of Smartphone, HUD for Wearables, devices, black | Map-based services Online multiplayer games
application | vehicle boxes

Pokémon GO, Digital Facebook, Instagram, Apple | Google Earth, Google Maps, | Second Life, Minecraft,
Use Cases | Textbook, Realistic Content | Watch, Samsung Health, | Naver Maps, Airbnb Roblox, zepetto

Nike Plus

2. User Interface for Disabled Students:

Metaverse

2.1. Definition and Utilization

Metaverse is a newly coined word that combines
the Greek prefix meta and universe, and is a higher
concept of virtual reality and augmented reality,
a system that extends reality to a digital-based
virtual world to enable all activities in virtual
spaces (Wiki). Adapted from Ernest Cline’s 2011
novel and inspired by Neil Stephenson’s 1992
science fiction novel Snow Crash, Metaverse is a
place where players interact with other players
representing avatars and experiences. The metaverse
is that the sense of reality of the virtual space is
maximized. This sense of reality is established by
stimulating the brain of users in the physical real
world. An important characteristic of virtual space

lies in the spatialization of the imagined, which

makes people believe that human imagination is
real, that is, a virtual space. The Acceleration Studies
Foundation(ASF), a non-profit technology research
group that first presented metaverse classification
criteria, classified metaverse according to whether
the service target is person-centered or environment-
centered by creating four types: AR, Lifelogging,
Mirror Worlds, and Virtual Worlds(see table 1).
Taking this interaction further than immersion
with 4 types above is combingother advanced
technologies such as the blockchain, Web 3.0 and
the next-gen internet technology. Those will provide
solutions for governance, value transfer, digital
evidence of ownership, and interoperability, to
name a few. The Metaverse is the network of 3D
virtual worlds where anybody anywhere can
interact in real-time to form an internet economy
that spans and links the digital and physical world.
Think of the Metaverse as an internet that you are

inside rather than one you are merely viewing
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from the outside. In there you can be who you
want to be, create what you want, where you want,
for whom you want, and how you want. This
complete freedom for creators will undoubtedly
lead to some fascinating experiences for which the
metaverse has the unique characteristics for like
persistence, synchronicity, availibility, interoperability,

economy, avarta etc(see Table 2).

2.2. Why is the metaverse importance :
as the interoperability in AR/VR

The metaverse is a vision of what many in the
computer industry believe is the next iteration of
the internet such as a single, shared, immersive,
persistent, 3D virtual space where humans experience
life in ways they could not in the physical world.
Some of the technologies that provide access to
this virtual world, VR headsets and AR glasses,
are evolving quickly. Other critical components of
the metaverse, like an adequate bandwidth or
interoperability standards, are probably years off or

might never materialize. Management consultancy

McKinsey & Company has bullishly predicted that
the metaverse economy could reach $5 trillion by
2030. E-commerceis expected to be the dominant
engine, with gaming, entertainment, education
and marketing in the metaverse also becoming
important sectors. Today, companies use the term
to refer to many different types of enhanced online
environments. These range from online video games
like Fortnite to fledgling virtual workplaces like
Microsoft’s Mesh or Meta’s Horizon Workrooms
to virtual dressing rooms, virtul classrooms and
virtual operating rooms. Rather than a single
shared virtual space, the current version of the
metaverse is shaping up as a multiverse: a multitude
of metaverses with limited interoperability as
companies jockey for position. The metaverse is a
digital ecosystem built on various kinds of 3D
technology, real-time collaboration software and
blockchain-based decentralized finance tools. Factors
like the degree of interoperability among virtual
worlds, governance, data-portability, and user interfaces

will depend on how the metaverse pans out. Lauren

(Table 2) Metavers characteristics

characteristics

explanation

ersistence . -
P there is continuity rather than a reboot.

The metaverse continues to exist regardless of time and place. When users come back to metaverse,

synchronicity

A consistent living experience that allows interactions between participants and the virtual environment

in real-time.
availability There will be no cap on concurrent users; hence everyone can be a part of metaverse.
interoperability Allows users to use their digital assets and items across their metaverse experiences.
economy Individuals and businesses will be able to invest, own, create and sell a wide range of goods and

services in exchange for value recognized by other participants.

https://smartvalor.com/ko/news/virtual-platforms-and-the-metaverse
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Lubetsky, senior manager at Bain & Company,
speaking in a session on the metaverse at the 2022
MIT Platform Strategy Summit, outlined three
possible scenarios: (D The metaverse remains a
domain of niche applications, used by consumers
for entertainment and gaming but stopping well
short of an all-encompassing virtual reality. (2) The
metaverse is controlled by large competing ecosystems
-- for example, Apple and Android meta worlds --
with limited interoperability. (3 The metaverse is
a dynamic, open and interoperable space, much
like the internet but in 3D(TechTarget, 2022).
Especially AR/VR technologies
important to the development and growth of the

considered

metaverse(Figure 1). VR is a simulated 3D
environment that enables users to interact with a
virtual surrounding in a way that approximates
reality as perceived through our senses. This
approximation of reality is now typically accessed
through a VR headset that takes over a user’s field

of vision. Haptics, including gloves, vests and

p High

Real-time Operation,
Multi-dimensional Interaction

Ensure Large-scale Users Stay Online

even full-body tracking suits, enable more lifelike
interaction with the virtual environment. AR is less
immersive than VR. It adds digital overlays on top
of the real world via a lens of some type. Users
can still interact with their real-world environment.
The game Pokémon Go is an early example of
AR. Google Glass and heads-up displays in car
windshields are well-known consumer AR products.
Gartner senior principal analyst Tuong H. Nguyen
told Lawton, adding that what we have now are
precursors or pre-metaverse solutions. At present,
many of the metaverse-like experiences offered by
gaming platforms such as Roblox, Decentraland
and Minecraft can be accessed through browsers
or mobile devices and a fast internet connection
(Techtarget, 2022)

2.3. Metaverse Education: The Cone of
Experience Theory and XR+D.N.A

The difficulty of face-to-face communication

due to the pandemic and the transition to an untact
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(Figure 1) Metaverse Technologies

https://www2.deloitte.com/cn/en/pages/technology-media-and-telecommunications/

articles/metaverse-report.html
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society are shifting to virtual world, and classes
using metaverse based virtual spaces are drawing
attention to the rapid expansion of non-face-to-face
education. Virtual space utilizing special education
can increase immersion and maximize learning
effects with realistic technology as an alternative
to overcoming the limitations of non-face-to-face
remote education. Using your avatar, it is basic to
take classes and ask questions in a virtual space. It
is possible to create content directly with production
tools and create a sense of realism with special
effects as well(University Intelligence, 2021). Esther
Ajao, TechTarget news writer, reported that enterprise
applications of the metaverse is slow but close,
that some hospitals are already using VR/AR to
train for common medical procedures in. Enterprises
are experimenting with metaverse applications in
the workplace that deployed during the pandemic
to support remote work. An early application of
metaverse technologies involves workplace training.
Especially Digital twin avatars will not only exist
on computer screens but will be rendered as
Al-powered holograms or holographic images that
are assigned tasks. A CEO, for example, could
activate an Al-powered hologram of himself to
engage with multiple stakeholder groups at once.
Moreover metaverse for work collaboration are
starting to add an element of realism to remote work
experiences. This includes setting up 3D rooms
where employees can collaborate(Forrester, 2022).

The new generation of VR headsets is the portal
to the metaverse. Head-mounted VR displays engulf
the senses and offer an unrivaled sense of embodied

presence. Users can move freely through a 3D
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scenario and interact with the world around them
with their hands, just like real life. VR technology
is mature enough that it’s no longer part of Gartner’s
Hype Cycle, and it is becoming affordable enough
(under $300) to address global capability gaps. An
internet connection is not even necessary for single-
player sessions. VR engages the brain’s motor
system and builds muscle memory. Just like a flight
simulator prepares pilots for emergency landings,
VR can train anything, from farming skills to fire
fighting. Skills that play to the unique strengths of
the metaverse include spatial training, such as
involving the hands and body for tasks that are too
dangerous, expensive, inconvenient, or simply
impossible to practice in real life. Other examples
include simulating scenarios for routine and abnormal
operations, emergency response, stressful workplace
situations, critical procedures, and high consequence
events(see Figure 2). All in a safe and controlled
environment that can then be repeated until it

becomes second nature(Worldbankgroup).

M TAVRLSC ML ETE bbUOAT]

== -

(Figure 2) Metaverse classroom

https://olc.worldbank.org/about-olc/education-meets-the-metaverse-
reimagining-the-future-of-learning

Edgar Dale, an American educator who developed

the Cone of Experience, also known as the Learning
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CONE OF EXPERIENCE
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DESIGN/PERFORM A PRESENTATION/EXPERIMENT

(Figure 3) Cone of Experience

https://elearningindustry.com/cone-of-experience-what-really-is

Pyramid, argued that audiovisual media should be
divided into abstraction and concreteness according
to the degree of experience, and abstraction increases
as it goes up, concrete increases as it goes down, and
school education should use various audio-visual
media and select and use media suitable for
learners’ levels. In general, it is effective to start
from a specific experience and gradually move to
an abstract experience, and more preferably, it is
possible to promote the formation of learners’
concepts by integrating and using specific and
abstract media. Therefore, it is explained that if a
learner can learn through the medium at the top on
the Cone of Experience, the physical time to learn
the learning material is shortened, and if the
medium at the bottom of the cone is used, successful
learning can be achieved. People remember 10%
of what they read and 20% of what they heard, but
90% of what they actually experienced(see Figure

3). What you have experienced in the metaverse
world can lead to empathy. For example, those
who experienced Homeless with virtual reality
have seen a significant increase in the consent rate
of residential support petitions since then, and
those who have experienced Manhattan helicopter
tours have seen a 190% increase in their actual
New York travel contract rate. Our society has
various problems such as disability, discrimination,
and social isolation. You can understand the other
person through the metaverse. Through understanding
and empathy, metaverse can be a driving force for
social innovation (Kyunghyang Newspaper, 2021).

In 2021, the government proposed the Korean
version of the Four New Deal, and. will invest the
a total of 12.7 trillion won in strengthening the
digital new deal project. D(Data) N(Network) A(A.I)
ecosystem, fostering industries and infrastructure

(SOC) for general untact environment.
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One of the reasons using Digital Twin is gaining
attention to the model and platform for effectively
collecting, simulating, analyzing, utilizing vast amounts
of real-time data in real space, using Al to solve
problems in metaverse, virtual reality etc. (Korea
Cultural Information Service, 2021). If the digital
twin based on ‘D.N.A.+ XR’ and the Cone of
Experience theory, the educational effect can be
expected for students with disabilities who are
socially vulnerable. By experiencing the other
person’s situation, it can provide an opportunity to
reduce social conflict, prejudice, and discrimination.
For example, prejudice and discrimination against
black and other races are unresolved challenges in
our society. If you put yourself in the person’s
shoes, you can understand the others. “Traveling
While Black” allows people to experience vertual
travel from a first-person perspective as black
people. Therefore, it is directly exposed and can
understand the discrimination and their thoughts.
As another example, in a project called ‘1000 cut
for Journey’ developed by Stanford University’s
Virtual Human Interaction Research Institute, A
15-year-old boy meets the police on his way to
play basketball with his friends and can learns how
he would feel if he was overpowered by polices.
Through this virtual experience, it is possible to
increase the understanding of discrimination, prejudice,
physical assault, and social exclusion that black
people experience. Experimental analysis from both
of those showed that white people’s racism and
prejudice against black people decreased significantly

(metaquest).
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3. Research methods and theoretical
frameworks

3.1. Inclusive education tool as the social
good practice

Around 240 million children worldwide are living
with disabilities who have ambitions and dreams
for the future. Therefore, high-quality education
is needed to develop potential abilities and to
maximize their potential skills. However, disabled
students are often overlooked in the policymaking
process, limiting their access to education and their
ability to participate in social, economic, social,
cutural and political life. To be discrimination,
stigma to them, and the day-to-day failure of
decision-makers to integrate disabled students into
school services regards as a lasting barrier to be
educated from their rights. The disability is one of
the most serious barriers in the worldwide(unicef,
2019). The inclusive education is to keep all students
being assigned to general education classes in their
region, no matter what difficulties they face, to
receive high-quality education, intervention, and
support to improve academic achievement through
core curricula(Alquraini & Gut, 2012). Schools and
classrooms should be operated on the premise that
they are useful places that guarantee essentially
equal learning rights for all regardless of disability.
The legal guarantee ensure that all students be
educated in the Least Restrictive Environment(LRE)
where a priority option to be included in general
education (Alquraini & Gut, 2012). However, the

prejudice against the disabled is still very serious.
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Although discrimination against the disabled is
legally prohibited, the level of public awareness of
the their human rights is very low. According to
survey by the Ministry of Health and Welfare,
only 13.9% of the people recognized that there is
the law against discrimination of the disabled in
2019. On-site adaptation training for adaptation
training for disabled students has more barriers
than in classroom. Foe example, it is common to
teach disabled and non-disabled children in the
same space from an early age in developed countries.
Jacques Mikurovic, director of INSHEA", said,
“France aims for inclusive education without
distinction between disabled and non-disabled, who
should take classes at general schools as much as
possible according to the degree of disability.” In
addition, Nathan Yates, a teacher at Cypress Primary
Special School in the U.S., said that the curriculum
of the class focuses on communication rather than
education for disabled and conducts in music and
fireld-trip classes all together(Dong-A Ilbo, 2019).
Inclusive education can be accomplished successfully
only by accepting, understanding, and paying attention
to each of student’s difference and diversity in
physical, cognitive, academic, social, and emotional
aspects. Sometimes students have special needs
such as language, physics, and emotional therapy,
but this doesn’t mean that they should be excluded
from regular curriculum. Therefore the purpose of
inclusive education is to provide fair opportunities
for all students to learn and develop their skills

needed and to grow on their willingness.

Education is one of the most significant
applications of the metaverse with great potential
in the coming future. The presence of the metaverse
can be served as a new educational environment
(Prieto et al., 2022, Rospigliosi, 2022). Therefore,
the metaverse in education can be regarded as an
educational environment enhanced by metaverse-
related technologies which fuse with the elements
of the virtual and the real educational environment.
It enables learners to use wearable devices to enter
the educational setting without being limited by
time and locations and allows them to use digital
identities to have real-time interactions with different
forms of items (avatars, intelligent NPCs, or virtual
learning resources). As a result, they can feel
present as if they are in a real-world educational
setting. From this standpoint, it can be seen that
applying the metaverse in education can unlock a
variety of fantastic learning experiences for learners.
The metaverse framework with potential core
stacks, including hardware, compute, networking,
virtual platforms, interchange tools and standards,
payments service, content, service, and assets, as well
as introduced its reasons in brief(Kang, 2021). The
metaverse into three essential components (hardware,
software, and contents) and three approaches (user
interaction, implementation, and application) for the
metaverse in a general meaning(Park & Kim, 2022).

The biggest advantage and remarkable function
of metaverse is to gurantee immersive experience
which can improve people’s capacity for social

interaction, but access to the digital world for

1) it is an abbreviation of Institut national supérieur de formation et de recherche pour 1’éducation des jeunes handicapés

et les enseignements adaptés in France
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(Figure 4) The framework of the metaverse in education.

source: Zhang et al, 2022

disabled can be another barrier. it is necessary to
practice responsible Al that ensures equal access to
metaverse in order to protecting information access
and learning rights(Song, 2022). Al technologies
for responsible practice include image recognition
(Look-eye, iPoli), sign language automatic translation
models, intelligent exoskeleton robot arms that interact
with the digital world, and brain computer interfaces.
Web3.0 is generally an extension of context-aware
function and human-computer interaction in Web2.0.
Many people work where they want to, live the
way they want to, and take this freedom for granted.
Thus, metaverse is likely to realize a fairly positive
effectiveness on a virtual world that reflects the reality
considered human-centered computing, especially in

terms of accessibility, diversity, equality, and humanity.

3.2. Research method

Fist of all, this study is a review of literature
researches on the use of AR/VR in special

education, and the overall results are summarized
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in Tables which analyzed the fields, purposes,
results, and limitations of AR/VR. Second, by
citing newspaper articles on the meta-edu for
disabled students, Meaningful discussions was
searched for the outcomes especially that interaction
and communication of students with disabilities
can be improved and promoted. The keywords like
AR/VR, and meta-edu, disabled students, special
education in Dbpia, scienceON, and Riss were
investigated. Also, they were covered through
database such as Web of science, ReserchGate,
Springer, Scorpus, and SAGE journal(see Table 3).
In the examining procedures, firstly, a study
published between 2011 and 2022 (30 domestic
and international) classified the effects of AR/VR
applications, models, and education frameworks.
second, AR/VR’s strengths, limitations, effects,
use, challenges and scope from assorted papers.
Third, experiences of AR/VR in special education
were checked. There were many studies related to

aspects on technologies in Metaverse, although
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(Table 3) Review of literatures related to special education through AR/VR, Metaverse

Research Paper.

Contents of AR Study

Research results

Almutairi&
Al-Megren
(2017)

Applications including AR teaching Arabic to deaf
elementary school students using the potential to
combine video, image and audio with AR

Shows that teachers and parents of deaf children
prefer to use multiple resources for learning
(communication promoted)

Abas& Zaman
(2011)

Making storybooks to motivate students to read. It
consists of three stages: elementary, middle, and
high level for students who do not have basic
reading skills

Greater motivation, commitment, and enjoyable
reading experience in the immersion of the
curriculum

Mirzaei et al.

Combined with audio and video (AVSR Audio
Visual Speech Recognition) to help deaf people.

By using the screen alone, the speech becomes a
readable text displayed with AR, allowing deaf

(2014) Voice recognition technology captures what the | people to read and understand the communicated
speaker says in text, not in sign language content better (communication promoted)
Conducting AR application studies, helping | It uses sensor technology applied with AR and is
. visually and receptively communicate with deaf | easy to express emotions, so it has a wide range of
Kerdvibulvech . .. “ b 1 . . .
(2016) chlldren.Appllcgtlon of “T.Jacket” linked portable apphca.tlons for the d1.sabledA The results of t'hlS
communication jacket evaluation confirmed the improvement of understanding
and communication (communication promoted)
Introducing an application called “Paint-cAR” for | Help students who cannot follow a long process
students with diverse educational needs in the | because it is difficult to proceed with logical
Bacca et al. context of professional training, especially those | competence and follow-up courses.
(2015) with low basic skills and low motivation. The

vocational education program supported the learning
process of repainting cars.

Tobar-Mufioz et al.

Design digital games using Gremlings, AR

My Mirror, which was evaluated for children with
various learning needs such as attention deficit

(2014) hyperactivity disorder, autism, and Down syndrome,
focused on the development of mathematical logic.

Phon et al. Augmented Reality Education for Dyslexic Students | Provide opportunities for an interactive and enjoyable
(2014) educational experience (communication promoted)

Santos et al.
(2016)

Three things are: (1)AR application development,
(2) usability testing, (3) effectiveness testing on
learning

Since few literatures demonstrate the benefits of AR
for learning, Tested the effectiveness of AR as a
platform for memorization tasks and investigated its
impact on student motivation

Diegmann et al.

To determine the benefits of AR, we report a
systematic review of AR in five areas: discovery-based
learning, skill training, training applications, games,
and AR book.

AR is available in educational environments and
identifies many applications that successfully apply
AR to improve learning, such as language training,
machine skills training, and spatial ability training,

@01 special user groups (e.g., disabled) benefit from
learning methods and AR characteristics in additional
ways(communicationpromoted).

Yoon. ] & Provide's reinforcement learning e.xpe‘rience by | The applis:ation' program is r'n;.iintair'ling students’
Kang. H presenting a smartphone AR application .callejd f:oncenFratlon. in . class, raising interest, and
021) AR-E-Helper that supports students’ learning in | increasing satisfaction.

higher education lectures
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studies linked to special education began in 2013,
it was slowed down and activated since 2018.
Many fields of culture, history, art, and medical
science, and engineering, manufacturing, and
construction have been in the development stage
until now. Participants in the most studies were
mainly children with autism, dyslexia, disabilities
of hearing, vision, and developmental disorder, not
for higher education. However, most of the studies
were replaced into interviews and surveys rather
than practical experiments. Except for the general
education, the special education fields were hardly
found out among relating to domestic papers.
Moreover, it can be refered only "Understanding
and Teaching of Augmented Reality and Virtual
Reality Content; in 2017 and FPossibility of
Educational Use of Metaverse, in March 2022
published by KEDI as the domestic reports, which

is sum them up in Table 4.

3.3. Results

Most of AR/VR, metaverse studies had samples
group of hearing, visual impairment, autism, ADHD,
and dyslexia. The results represented do not feel
environmental and barrier restrictions in learning,
and have been shown to promote and improve
motivation and interaction and communication
(Bacca et al., 2014; Diegmann et al., 2015). Other
benefits include attracting students with disabilities
(Diegmann et al., 2015), motivation, interest, and
vision devices such as some Quests are expensive,
but they can use apps through their own smartphones

in the classroom, which is low cost and efficiency
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of the learning process (Fernandez et al, 2015),
Cognitive ability development (Benda et al, 2015),
short-term memory effects(Martin-Sabariss, 2017)
were found. Therefore, it can be concluded that it
can be concluded that it is a meaningful point that
it is a useful learning tool for improving and
promoting communication. The limitation of this
study was a lack of case studies that considered
various attempts or measures to link other metavers
techinques to special education except AR/VR. In
general, there were only partial questionnaires and
interviews, and the difficulties for recruiting and
selecting the subjects(mainly, existing studies
were conducted on a small scale of 10 or less),
pre-education for conducting, parental awareness
and consent procedures, insufficient educational
conditions, physical environment, lack of manpower
in conducting experiments, and lack of guiding
technitions.

Considering a preliminary streams for the
development of inclusive education from the
results, first of all, when focusing on students with
physical or mental disabilities, students’ level
of frustration should be controlled during the
experimental process (Sytwu & Wang, 2016). In
this sense, the preparation and planning for the AR
experience should be thorough and detailed. Second,
inclusive education through mobile devices such as
metaverse requires a lot of research support and
environment creation for participation of students
with disabilities from various groups (Shechy et
al., 2014). Unlike advanced countries, which provide
integrated education that allows most disabled and

non-disabled people to learn in the same classroom,



Inclusive educational effectiveness through Metaverse for the disabled students and policy suggestions

(Table 4) Domestic AR/VR, Metaverse applicated—-class examples and teaching methods

AR/VR Techs researcher Metaverse researcher
3D virtual class Yoo. S.(2017) . . .
Museum education Kim. M(2012) History Choi H, Kim.S(2017)

Contents

To practice responding to problem behaviors that teachers may
face in classrooms, virtual classrooms are decorated in three
dimensions, and students are written in avatar form to perform
exercises by wearing HMD. Human manager
pre-service teacher’s course progress

observes

History education contents using metaverse elements (lifelogging,
AR, holograms, etc.) provide various contextual information on
historical resources, which is an effective tool for developing
historical judgment as well as structural imagination and
historical empathy

Teaching Methods

Individual learning

HMD” Moon.S et.al.(2016)

Contents

It creates a virtual reality-based dental implant surgical
environment and implements it to experience surgery within a
3D environment using Oculus VR and Lipmotion. Step-by-step
scenario from incision to implant completion in game form

Game type

Second Life, Computer Kim.D & Jeon. S(2014)

Contents

Conduct a field trip to find out about Dokdo in the second life
space, examine Dokdo in the second life, and solve the
problems presented. Following the teacher’s guidance, the
virtual space is searched, searched, and then organized in the
form of an overall presentation

Problem-solving learning

The imaginary Earth and

the Moon Vive HMD Kwon. J(2017)

Contents

A game-type program that lands on the moon in a spaceship and
performs gravity tests.

The learner can manipulate the object by moving the virtually
implemented hand with the Vive controller. a partial experience
of touch

Game learning

Google Art Project

Google Card Board Park. J et al(2016)

art Lee. K(2021)

Contents
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AR/VR Techs researcher

Metaverse researcher

Using art projects provided by Google, exhibition planning
classes at your own art museum. Enjoy using Google Cardboard

It is set as ‘virtual space Odyssey’ and ‘Avatar Life’ and
presents an interface from the perspective of art education. The
significance of metaverse use in art education is analyzed in
terms of the use of virtual platforms, big data and artificial
intelligence, expanded fantasy, and augmented reality

HMD ‘ Ryu. J et al.(2017) ‘
Contents
Learners can look at a variety of tools
HMD ‘ So. Y(2017) ‘
Contents

Build a virtual experimental environment that can analyze bacteria;
conduct experiments to identify bacteria by manipulating the
environment

Experiment

medical education Yeom.S(2011)

athletic rehabilitation Yang. J& Lee.S(2021)

Contents

How to teach and test anatomical knowledge, especially in the
abdomen) Interactive 3D anatomy

Virtual reality or metaverse-related technologies have been
developed and specialized in a form suitable for exercise
rehabilitation. In the case of studying abroad, it is analyzed that
exercise rehabilitation using virtual reality and metaverse games
for rehabilitation of disabled and elderly patients can help
improve brain, physical ability, and anti-aging by activating the
body and mind

Illustration and tactile feedback/application

only about 70% of those eligible for special
education receive integrated education. It shows
that discrimination against disabilities is still severe
in our society (Dong-A Ilbo, 2019). Raising social
awareness and creating an environment where
students with disabilities can be viewed without
prejudice should be the biggest role in the
realization of inclusive education. Third, it is
necessary to have qualified employees and assistants

in the environment to educate Metaverse (Colpani

& Hamme, 2016). Although basic digital knowledge
is required, special educators and school assistants
are inevitably lacking in technical capabilities.
Fourth, each disabled student has a different
requirement. There is a limitation that the specificity
of education should be reflected in the production
of the program, but it cannot be repeated for
students with different educational environments or
conditions. Recognizing that an app with the same

scenario cannot be used repeatedly for disabilities

2) The HMD head mounted display (HMD) is a display device that is mounted on the head and can present images directly
in front of the user’s eyes. In 1968, the first HMD was created by Ivan Sutherland of the University of Utah (Wiki).
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or special education, it is required to develop
various educational apps. Fifth, there is a need for
a way to overcome the difficulty of recruiting
research participants. Long-term results require
students’ time, persistence, and enthusiasm, but the
physical and emotional conditions of disabled
students do not reach this. For these experiments,
there are also complications in the need for digital
competency training in advance and the acquisition
of prior explanations and consent procedures,
including data necessary for research to parents of
disabled students. It seems that discussions on how
to solve this problem should be made first. Sixth, it is
also an important future issue to induce research in
the fields of metaverse app development in engineering,
agriculture, forestry, management, fisheries, and
veterinary medicine in consideration of students’
various learning and education. The seventh task is
Markerless Tracking Technology” to support education
inclusion, it is the interworking nature of various
types of devices and apps such as smart glasses
and smart mirrors that can be used. It should be
driven with the aim of helping students with
disabilities communicate and interact without
barriers. The ease of use of devices is most widely
preferred for tablets and smartphones due to the
high use of applications (Hsiao & Rashvand, 2015
In particular, when caring for children with autism

spectrum disorder (ASD) or intellectual disabilities,

PCs and webcams, hearing and vision impairments,
head-mounted devices or screens (Fernandez et al.,
2015) and smart glasses are used to improve
communication among deaf students in general
schools (Parton, 2017). Hrishikesh and Nair (2016)
show that AR enables children with disabilities to
understand concepts faster and better, and provides
interesting and fun educational aids to students
with special needs. Table 3 shows that students’
motivation has been improved by positively
influencing students’ educational experiences,
increasing confidence, increasing achievement and
interest levels, providing self-directed learning
opportunities, strengthening cooperative learning,
and improving satisfaction and education levels.
As a result, metaverse can provides the value chain,
the seven layers for maximizing experiences which
can be appied in special education as the biggest

advantage(see Figure 5).

4. Implications and limitations of
metaverse education for students
with disabilities

In the pandemic situation, education had a

burden on both teachers and students to quickly

acquire and handle skills, and under the restrictions

3) Markerless tracking technology, also called “feature-based tracking”. Feature points are extracted from the image and
coordinate systems are extracted based on these points. Unlike markers that implement augmented reality based on
markers with regular patterns such as QR codes, markerless tracking technology uses data from the target itself to
implement augmented reality. It is used to recognize cultural heritage itself as a technology suitable for recognizing
cultural heritage because the object can recognize the form of images or objects
http://wiki.hash.kr/index.php/%EB%A7%88%EC%BB%A4%EB%A6%ACY%EC%8A%A4
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of non-face-to-face classes, students needed to
participate in learning and expand the external
educational context. It was necessary to present a
strategy to cope with the crisis by providing a new
level of understanding in non-face-to-face and a
sphere to continue education under constraints. For
example, Sookmyung Women’s University held the
2021 Together Job Fair in December, a metaverse-
based online job briefing that considers the
characteristics of students with disabilities in the
COVID-19 and MZ generation in cooperation with
the Korea Employment Agency and Korea Welfare

University.

4.1. Metaverse experiences for the effective
communication in the special education

Using an online-based program (platform) in
October last year, ‘School For You’ expanded
students with health disabilities’ The World
Athletic Conference(Metaverse) was held in 2021.
The event was designed to provide psychological
and emotional support and restoration of stability
by using the extended virtual world to students
with physical disabilities who are restricted from
participating in outdoor activities such as sports
competitions. The Ministry of Education presented
that it will also strengthen remote classes and
educational support projects to minimize academic
deficits. Consequencely, Table 4 shows that it can
work for improving students’ learning effects by
changing their learning environment, developing
and training their talents and aptitudes to cope

with language and world challenges outside. Above
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all, the Meta-edu has the great educational potential.
VR content and metaverse space eliminate the fear
of failure, and immersive experiences have the
ability to make digital interactions feel more human.
Therefore, the use of metaverse technologies such
as AR/VR can be a preferred educational tool in
specific situations or special needs educatedly.
Strong applications for learning is still being
developed with a lot of interest and expectations.
Learning experts focus on efficiency, for example,
when training to make lattes, failure is very common,
and tools in apps make up for mistakes and correct
mistakes, making trainees feel comfortable.
Another advantage is the safe accessibility.
When they handle hot water and coffee near 100°C
during espresso extraction training, you may burn
your hand, but there is no burn accident in virtual
training using VR. In addition, the infinite repetitive
training is usually important for disabled children
having difficulties to memory. But if they use
AR/VR contents, they can effectively repeat learning
upon their interest and fun. it can be a game without
any pressure on education and doesn’t matter if you
make a mistake while trying something (Yirounnet,
2021). VR-trained learners have up to 275% higher
confidence in acting on what they have learned
after training, the improvement of 40% over by
face-to-face classroom learning and 35% over by
e-Learning (pwec, 2021). Although e-Learning often
suffers from inequality to access technology, studies
show that meta-edu is dynamic, highly interactive,
easy to convey emotions, and realistic content can
reach users in a more meaningful way. Metaverse’s

learning can empower learners around the world
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to interact, while connecting and providing
unprecedented access(see Table 4).

Third, It can be the communication method. It
is proposed that providing learners in high school
with access to immersive learning skills will have
a positive effect on their ability to develop the
necessary skills. For instance, “Skill Immersion
Lab” program in fastcompany website shows that
more than 85% of learners felt more confident in
talking to others after completing their immersion
learning experiences, improved ability to find the
right words to express ideas during the program in
85%, and 90% of learners checked their answers
again to find out how to improve after class.
Moreover, Participation combined with acceleration
of learning ability expands the communicative
function of metaverse, which was previously
imagined, highlighting the learning content effect
(fastcompany.com). Otsimo.com, which developed
an app for education for autistic children, guides
them to download it as a free open-source ACC
for special education, reflecting the expensive and
difficult communication app so far. it will be a very
meaningful and useful means of communication

(see Figure 5).

Enroll in special Inspire your child’s

education at home. A . = first words.
Acces ersonaksed currcuum, N 4

{Figure 5) Otsimo app for special education

https://otsimo.com/en/

Fourth, human relationships can be expanded.

Not only people’s lifestyles today represent a

microcosm of digitized life like video conferencing
and SNSs but also Students live with school
assignments and homework, school web portals,
social media, text messages, FaceTime, and video
games. Metaverse is designed to mimic and properly
express human interactions to convey presence and
emotional realism through avatars in communication,
can creat a difference from thier condition in present.
In addition, the spatiality in the metaverse provides
familiarity by reflecting the physical world among
avatars, all cognitively and emotionally connected,
our communication skills improve and we can create
productive conversations. It provides a balance that
offsets the negative effects of digitalization, spending
online feel more humanly connected and allowing
us to enjoy life away. Meta-edu, the gateway to a
better future, offers tremendous opportunities and
is valuable for being mutual communication. Therfore,
it is the useful communication channel for disabled
students to reflect their lives and opinions and
coordinate other people’s opinions in the aspect of

the experiences(see Figure 6).

Al potential applications in the Metaverse

Smart Hyper-personalized Games
Personal Experiences, Education
Welfare Assistant

Experience
Discovery Intelligent Networking
Creator Economy

Al as a Creative Partner

Al for Immersive Digital Worlds

Spatial
cdpata

Decentralization Enhanced Smart Contracts

Interface Inclusive User Interfaces

AlOps
O —
(Figure 6) The seven Layers of the metaverse

https://medium.com/building-the-metaverse/the-metaverse-
value-chain-afcf9e09e3a7
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4.2. Implications for Metaverse Education
for Disabled Students

VR provides freedom to people with disabilities
in various ways, helping them cross borders that
cannot be crossed on their own. It can serve as a
great equalizer for education, training, socialization,
and even ordinary fun. Virtual reality eliminates all
the differences and limitations of participants and
allows them to learn and play in a safe and
immersive environment. Let’s take a look at some
of the possibilities of using metaverse in education
that attempts to change learning and outcomes.
First, the new technologies must always keep pace
with education in changing world not to be one
step behind. Meta-edu has the potential to develop
a classroom environment. Second, it motivates MZ
generation who are familiar with games for focusing
on teamwork and completing the tasks using Quest
2 interestingly. Third, it promotes interdisciplinary
learning and encourages practical application of
theories. VR-based education shows how to break
down barriers between subjects and application of
various theories from real-world situations. In
addition, real-world tasks such as plug wiring,
drainage pipe installation, surgery, and chemical
experiments can be taught using VR, allowing
learning to be integrated without feeling free of
actual results or risks. Fourth, it is possible to
provide a customized program that meets various
requirements. VR is its flexible content and
customization options to adjust each of them.
According to LG CNS, students at Seoul SaecRom

School, a special school for physical disabilities,
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participated in the 20 th AI Genius program in
2022. In total, lectures on SW and Al , Al and art
experience, Al autonomous vehicles were held and
students made their own avatars and learned Al
through games and quizzes in the metaverse space
including composing songs, drowing pictures,
making music or graffiti into pictures and driving
Al self-driving car by driving self-driving robots
(MoneyToday, 2021). Fifth, it helps to strengthen
skills and improve training performance and
methods in the safe place. In particular, disabled
students need to gurantee the safety to learn and
improve their skills as they grow up such as
learning how to navigate a grocery store, use a
wheelchair, or drive. Many special educators can
use VR to provide a safe, controllable and
undistraced environment to learn, fail and practice
for being alert to unpredictable variables and
dangers. Meta-edu can all be simulated and
practiced, anticipated and prepared for changes and
emergencies in our normal life such as crossing
the street, using public transportation, and going to
a post office. This kind of learning is very
necessary for children to survive in the real world
without fear of failure or embarrassment in front
of others and helps to boost confidence and
freedom. Sixth, it can be expected the disabled
students to foster awareness, self-confidence, and
self-esteem as a social being. No one should
deprive them of this opportunity. For instance,
long-term hospitalized due to incurable diseases,
VR is the only way out of isolation. An interactive
environment where you can talk to other family

members or friends and explore the virtual world
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can also be used to teach positive social interactions
and improve behavior. In 2006, researchers at the
University of Southern California used VR classes
to provide classroom experiences for ADHD
students. introduction step-by-step is possible for
students to gradually adapt their environment to
daily-like noise and disturbances while learning
how to control impulse control, attention duration,
and hyperactivity. Finally, it can be a channel for
communication that reduces -conflicts between
generations and classes. This provides an opportunity
to restore the basic rights of disabled students through
metaverse, such as learning rights, self-determination,
and freedom of expression, which are self-directed
for the first time in their lives, to talk to others
equally, express their opinions, and to make
decisions and act. Equal opportunities are realized
to meet the specific learning requirements of
disabled students, keep pace with colleagues in a
controlled environment that fits them, and actively
participate in their favorite subjects. In addition,
students with disabilities in isolated and confined
wheelchairs or severely disabled students will learn
how to make friends, talk, and communicate in a
metaverse, sympathize with the generation, and

enjoy freedom and happiness.

5. Policy suggestions

Non-face society has provided an opportunity to
recognize that there are many deficiencies in the
inclusive educational environment that guarantees

students with disabilities’ right to learn, and various

discussions are taking place. Due to the sudden
non-face-to-face education, families clearly showed
unprepared technical and environmental conditions
for disabled students, and various problems such as
a lack of manpower were exposed. Other findings
are the barriers prejudice and perception, lack of
research, difficulty in selecting and recruiting
subjects, lack of complex consent procedures and
awareness of educators and guardians were examined.
While Meta-due unveiled the positive aspects of
the internal expansion of communication and
interaction opportunities for them to realize and
practice inclusive education. If so, social consensus
and inclusive policy are supported. Next, let’s take
a look at some of the things that the government
needs to conduct policy discussions.

First of all, it is a discussion of ethical issues. In
Metaverse, it is highly likely to trigger new legal
system problems and ethical issues while interacting
with each other, such as platform providers and
service users. Based on criminal acts such as violence,
sex crimes, and illegal transactions that can easily
occur in virtual spaces, personal information protection
issues due to automatically collected information
such as the place and time of user stay are
mentioned first. The necessity of the standard for
ownership of works in Metaverse for digital asset
transactions and issues related to changes in the
working environment are also expected to be
publicized.(Digital Daily, 2021).

Second, it is necessary to protect and take
measures to protect the digital alienation and
information gap of the socially vulnerable class,

and guarantee the human rights of the disabled.
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The development of digital technology, which
spurred the advent of the information society, has
created a new communication environment that
provides more information to many people and
shares various cultural experiences(Song, 2022).
Social alienation, which occurs in the absence of
means and methods such as channels provided by
digital media or devices, is a problem that society
must overcome in the future.

Third, the government should focus its efforts
on creating a sustainable metaverse ecosystem based
on public-private cooperation as the paradigm shift
of ICT such as data, network, artificial intelligence,
XR, and digital twin requires the establishment of
a new Web 3.0 platform to revitalize the D.N.A
ecosystem. In particular, according to the principle
of private-led and government-supported, the
public plans to actively open data so that the
private sector can use it for service development
and use private platforms first when delivering
public services (Korea Policy Briefing, 2022)

Fourth, professional developers for implementing
the metaverse world and creators who will be active
based on their content production capabilities on
the metaverse platform should be trained, and
comprehensive infrastructure that supports corporate
growth should be expanded to contribute to the
expansion of the base. In particular, considerable
manpower should be allocated to the education
sector to train specialized manpower for the education
of disabled students.

Fifth, a pan-government consultative body should
be formed that reflects public consensus on

metaverse and practical efforts to raise awareness.
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In order to innovate the metaverse platform and
enhance social acceptability, a pan-government
consultative body is needed to establish principles of
self-regulation, minimum regulation, and preemptive
regulatory innovation while researching legislation
on unethical behavior, illegal behavior, digital
assets, and copyright.

Sixth, it is necessary to prepare measures
for personal information and cybersecurity and
strengthened digital privacy policies. The most
vulnerable thing to grafting Al technologies is
that they are exposed to hacking(Song, 2022).
There are various authentication methods such as
password, PIN, smartphone, biometric authentication,
text authentication, and QR authentication.

Seventh, there are concerns that Metaverse may
cause problems such as escape from reality and
disability (DPDR) due to high immersion as it is
connected to daily life with an expansion beyond
reality. If the obsession with this becomes stronger
and the amount of use increases excessively, not
only will you feel tired due to SNS addiction. As
SNS addiction is deeply related to human mental
activities such as interpersonal relationships, it
has shown various psychological factors and
relationships, including depression and loneliness,
extroversion and low sincerity, and anxiety(Lee &
Nam, 2021).

Finally, the establishment of digital governance
is creating new means for various stakeholder
groups to participate at low cost through the
development of intelligent information technology.
As a result, information access rights”, information

self-determination rights, freedom of information
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communication, information property rights,
information security rights, and information sharing
rights are essential rights for people to live freely

and equally in the information age(Song, 2022).

6. Conclusion

A total of 50 studies were analyzed by applying
content to research methods on how AR/VR-included
metaverse can be used as a useful tool to promote
communication in the education of disabled students.
There were many technical studies on metaverse
which were the most active in 2015, starting with
Second Life in 2013. It has been in earnest since
2018. But studies related to education, and education
for the disabled are very rare. Only there have
been studied mainly in culture, history, art, and
medical fields, and engineering, manufacturing,
and construction and most of tries have been in
the development stage. Researches on the autistic
children, dyslexia, auditory, blind, and developmental
hadicapped were the mainstream, not for higher
education. The advantages of meta-edu were motivation,
interaction, communication, attention and attraction,
and the limitations of researches existed in various
ways such as only conducting through partial
questionnaires and interviews, recruting sample
experimenters(small scale of 10 or less), pre-education,

parental awareness and consent procedures etc.

Applications of Metaverse were created in diverse
in 2021 because of appearing non-face society
including schools and academies for educations but
the educational introduction for disabled students
is still insufficient. As a result, the development of
a framework for inclusive education should continue
in ICT society as a sustainable education method
in the D.N.A ecosystem. The establishment of an
inclusive education system requires changes in each
part of society as well. School teachers should receive
technical training, and the building structure should
be changed and renovated to install physical
learning facilities to access learning materials to
suit their needs. Stigma and discrimination should
be handled at the community level, at the national
level, the government should sign agreements on
the rights of persons with disabilities and regularly
collect, analyze and provide data so that students
can continue to receive effective services

In particular, the greatest effect was to improve
communication skills of handicapped students, and
meta-edu can realize a great contribution to their
lives by expanding the horizon of opportunities to
interact with others beyond many constraints and
biases in reality. This study contributes to identifying
and expanding the current state of research in AR/VR
and metaverse applications as inclusiveness. I hopes
to be a compass for further studies on the benefits
and effects of protecting not only disabled students

but also socially vulnerable groups. In addition, if

4) Information access rights, information self-determination rights (information self-access, information self-access, information
self-government, information self-delete rights), freedom of information communication, information property, information
security rights, and information sharing rights are also essential rights for people to live freely and equally in the in the

information age (Hwang Joo-sung, Lee Min-young, 2004).
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it starts to be used as a universal learning tool for
disabled students in meta-edu, the expectation to
see how much communication utility they have
and their dreams have expanded their interaction

areas is growing.

Reference

ATHd, A432014). ﬁﬂxﬂﬁmﬁ—% i
Ak 7k SR A 9 He AR
WS =2, 18(1), 133-142.

2AW7(2012). EH S22 I 3y o
A} R AW ST, Zﬂ]6§_, 37~68.

2432 3] 4(2016). WERH |3 At
S22 e, sl%iﬁﬂzé}ﬂ 2016

EASETE3, 161-162.

{426:/1\1—(2017) A7 A s 8838 AYss
A =] i 5 Frtel] o
AUt et HpALSEY] AR

o3 =4 2 B 2] 55(2022). 20263 HER 2~ A1
g 59287} 40 3719 2027
https://www .korea.kr/news/policyNewsView.
do?newsId=148898285

A °*t“(20m 7P sEEE oA B
75k e o] 27} AAZ A2 2 34
vz &3 = S8AT, 23(1), 35-56
A48, HeT, w3 (2016). 7HFAAE o] &
Sk X3 YSUE & 1S, AAFEI =
7], 53(12), 169-174.
k2] & A4 8H2016). 7HIAIE S 83 v<=Y
Aol 2 A+ 2 AT, 60,183-207.
283K2016). 7H3EA AlEE A S5 dE
2z} wi7iEg] EYo] s riAl= 9k
AFYA A TARIEAT, 57(0), 57-69.

A

196

o]74oK2021). HIEFH 2(metaverse) A TH2] T]&w S
EMEERE 35(3), 324~348.

ol-frm], F7]gH2021). TE Al EutdBA A
L5 nAE FEALIIE ALgo RO
4779} SNS T2 wifad, As5A
B AF27(3), 113~137.

o]F4], ¥l=&(2021). Are you a Machine or
Human?: 48 259 QIZF FAMH 4]
2L s A o] 9)Rlstel HlAl= I, AT
ARATF 27(1): 129~149.

]ﬂr;‘*(ZOZl) el (P2}

£ o] &3 ALY & ek

@Hﬂﬂ 31(4), 249-258.

17). 49 EA8E QAS 93 28
glojet sty otute} Zwke] 7H

/\l%ﬂﬂol’q 7H‘%. Adoigta ojshd

o
O
o2l

Ho
of»

Dol o OB o o o
8 o

HU et
r-lo@

o
Dy

>

>
1%
f
o

&4 7&63?3(2021) walol Aol izl z‘a%
S5 9% 2ot 24 A9 ofEe
Alo] A https://doi.org/10.1002/cav.1989

H<=AH2011), Augmented Reality for Learning
Anatomy, west point, hobart tasmania Austrailia.
Proceedings ascilite 2011 Hobart: Concise
Paper.

=3RS 2021), uﬂE}lﬂ* 204, et

W2 &g Abgel F30 Ak ek #3114
O|FE]LE 4(24)

Abas, H. & Zaman, H. (2011). Visual learning

through AR storybook for remedial student, i
LNCS, Vol. 7067(157-167).

Alquraini, T., & Dianne Gut, D. (2012). Critical
Components of Successful Inclusion of Students
with Severe Disabilities: Literature Review.
International Journal of Special Education, 27,
42-59.

Almutairi, A., & Al-Megren, S. (2017). Preliminary



Inclusive educational effectiveness through Metaverse for the disabled students and policy suggestions

Investigations on AR for the Literacy
Development of Deaf Children. Mayalysia:
Springer International Publishing

Azuma, R. et al. (2011). Recent advances in AR.
IEEE Comput. Graph. Appl. (1-27). doi:10.4061/
2011/908468

Bacca, J., Baldiris, S., & Fabregat, R. (2018).
Insights into the factors influencing student
motivation in AR learning experiences in
vocational education and training, Front. Psychol.
9(1486). doi: 10.3389/fpsyg.2018.01486

Benda, P., Ulman, M., & Smejkalova, M. (2015).
AR as a working aid forintellectually disabled
persons for work in horticulture. Agris Online
Papers Econ. Inform. 7(31-37).

Colpani, R.,& Homem, M. R. P. (2016). An
innovative AR educational framework with
gamification to assist the learning process of
children with intellectual disabilities, in IISA
2015-6th International Conference on Information,
Intelligence, Systems and Applications (Corfu).

Diegmann, P., Schmidt-Kraepelin, M., Eynden, S.,&
Basten, D. (2015). Benefits of AR in Educational
Environments-A Systematic Literature Review.
http://aisel.aisnet.org/wi2015

Fernandez, A., et al.(2015). Troyoculus: an AR system
to improve reading capabilities of night-blind
people, in Lecture Notes in Computer Science.

Fombona, J., Pascual-Sevillano, M.-A., & Gonzalez-
Videgaray, M. (2017). M-learning and AR: a
review of the scientific literature on the WoS
RepositoryTT-M-learningy realidad aumentada:
doi: 10.3916/C52-2017-06Gast.

Hsiao, K. F.,& Rashvand, H. F. (2015). Data
modeling mobile AR:integrated mind and
body rehabilitation. Multimed. Tools Appl. 74
(3543-3560).doi: 10.1007/s11042-013-1649-8

Hrishikesh, N., & Nair, J. J. (2016). Interactive
learning system for the hearing impaired and
the vocally challenged, in 2016 International
Conference on Advances in Computing,
Communications and Informatics,(Jaipur).

Kang, Y. (2021). Metaverse framework and building
block.J. Korea Inst. Inf. Commun. Eng.25,
1263-1266. doi: 10.6109/JKIICE.2021.25.9.1263

Kerdvibulvech, C. (2016). A novel integrated system
of visual communication and touch technology
for people with disabilities, in Lecture Notes
in Computer Science, Springer(509-518)

Lin, C.,, et al.(2015). Integrating motion-capture
AR technology as an interactive program for
children, in LNCS, Vol. 9177, eds. LosAngeles,
CA: Springer(149-156).

Lindsay. G. (2018). Inclusive education theory and
practice: What does this mean for paediatricians?,
Elsevier, 28(8), pp368-373.

Martin-Sabaris, R.-M. (2017). AR for learning in
people with Down syndrome: an exploratory
study. Rev. Lat. Comun. Soc.(737-750).doi:
10.4185/RLCS-2017-1189-3%en

Mirzaei, M. R., et al. (2014). Audio-visual speech
recognition techniques in AR environments. Vis.
Comput(245-257). doi: 10.1007/s00371-013-0841-1

Nincarean, D., Alia, M. B., Halim, N. D. A, &
Rahman, M. H. A. (2013). Mobile AR: the
potential for education. Proc. Soc. Behav. Sci.
103(657-664). doi:10.1016/j.sbspro.2013.10.385

Parton, B. S. (2017). Glass vision 3D: digital discovery
for the deaf. TechTrends 61(141-46). doi:10.
1007/s11528-016-0090-z.

Park, S.-M., and Kim, Y.-G. (2022). A metaverse:
taxonomy, components, applications, and open
challenges.IEEE Access10, 4209-4251. doi: 10.

197



Jinsoon Song

1109/access.2021.3140175

Phon, D. N., Ali, M. B., & Halim, N. D. (2014).
Collaborative AR in education: a review, in
2014 International Conference on Teaching
and Learning in Computing and Engineering
(Kuching: IEEE), 78-83. doi: 10.1109/LaTiCE.
2014.23

Prieto, J. F., Lacasa, P., and Martinez-Borda, R.
(2022). Approaching metaverses: mixed reality
interfaces in youth media platforms.New Techno
Humanit.doi: 10.1016/j.techum.2022.04.004

Rospigliosi, P. A. (2022). Metaverse or simulacra?
Roblox, Minecraft, meta and the turn to virtual
reality for education, socialisation and work.
Interact. Learn. Environ.30, 1-3. doi: 10.1080/
10494820.2022.2022899

Sheehy, K., Ferguson, R., & Clough, G. (2014).
Augmenting learners:educating the transhuman,
in Augmented Education, eds K. Sheeh, R.
Ferguson and G. Clough (New York, NY:
Palgrave Macmillan), 137-158.

Song, J.(2022). The Introducing voice -based public
services for strengthening the accessibility
of the social vulnerables and open public
communication, J Intell Inform Syst 2022
June: 28(2): 279~306.

Sytwu, T.-A., & Wang, C.-H. (2016). An investigation
of the effects of individual differences on
mobile-based AR english vocabulary learning,
in Mobile Learning Design. Lecture Notes in
Educational Technology, eds doi: 10.1007/
978-981-10-0027-0 23

Tobar-Muiioz, H., Fabregat, R., & Baldiris, S.
(2014). Using a videogame with AR for an
inclusive logical skill learning session, in 2014

International Symposium on Computers in
Education (SIIE), (La Rioja: IEEE), 189-194

198

UNICEF(2019). Inclusive education https://www.
unicef.org/education/inclusive-education

UNESCO(2021). Inclusion in education. https://en.
unesco.org/themes/inclusion-in-education

WHF2021). A7FeNsHY wiEk 2 AlS) 3]
(A Y: 2022.1.15.) https://www.moe.go.kr/
boardCnts/view.do?m=0204&s=moe&page=
1&boardID=408&boardSeq=89312&lev=0&
opType=N

AR 2021.8.25. 94, 3HH, WERH2H| 7=,
https://www.khan.co.kr/culture/book/article/
202108251627001

oA gdg] 2022, 1.25944 22491 & wWER
2AAQ: Al&E] tha A, WE 2 &
2= AEA?

dEAAd 2021.89.97, FEnSH, HERH2
(metaverse)?] W54 &8 71 VA 3
Ae TP

SO R 2019.10.264A, EX 71N, Aoi gAY
95%7F YRkn U&= vl=1o]l 2EA Y
==

HUEH 0] 2021.11.9. €4}, 314, LG CNS, ol
AadoAl Al FER 2~ Z7FE X0

o] Z-eul 2021.1023.97, AW, wrdakofol
g ugo] ‘HEH 2 E HPEY.

AAYH, 2021.12.17.97F, A3, &7 5 21,
o, Aefgy sk wEepH 2 7Rk
2021 Together Job Fair’ 73.

metaquest https://www.oculus.com/experiences/go/
1994117610669719/(F4 A J:1-92Y).

pwc, 2021. How virtual reality is redefining soft
skills training(Z1A4<d: 1€92%) https://www.
pwe.com/us/en/tech-effect/emerging-tech/virtual-
reality-study.html

fastcompany. 2022. The metaverse can provide a



Inclusive educational effectiveness through Metaverse for the disabled students and policy suggestions

whole new opportunity for education. Here’s
what to consider (A Y:1-€2Y). https://www.
fastcompany.com/90718919/the-metaverse-can-
provide-a-whole-new-opportunity-for-education-
heres-what-to-consider

TechTarget, What is the metaverse? An explanation
and in-depth guide, 2022.11.18. https://www.
techtarget.com/whatis/feature/The-metaverse-
explained-Everything-you-need-to-know

WORLDBANKGROUP, Education Meets the Metaverse:
Reimagining the Future of Learning https://olc.
worldbank.org/about-olc/education-meets-the-
metaverse-reimagining-the-future-of-learning

FORRESTER, Predictions 2023: The Metaverse
And NFTs https://www.forrester.com/report/
predictions-2023-the-metaverse-and nfts/
RES178194

199



Jinsoon Song

oS WERHS TS| E§H FFLEH
a4 3AH AR

0
()
m 4
offt
fo
_>,5 =
411

o] ZRE oz whEA *ﬁ%ﬂh HIt ™ ALS S A 2zt
f& l o] A2 YA &) R S AT 1 T A
g Fopoll A &8 7He S =olaL lv} Ty ek 2, 58] Zefshle] w
#dd ?i?% A3 RS WA FYolrh. B &S WEtH 2 m&o] ARSI X8
13sl7] flsf ZofstEe] tdt a7l F-&3te wKEoks ddstal slon, J5ag
%siwr I FEHHE ol FEIh AFTHORE ALTH 75 FHE
7 AR/VR, HIEPH 25 AAZ =& i AT A27t A, 71AL 2
TR ugol gk AR AT A S Aot ATe] dAF FAH 9
FAHZQ EUF Bl w&F a3k StsE AlFstar, AR A Ao A
Aol A Bhego] F715, B0, A2, SEESE 5 FoEe] Jde d¥ske 284
frolmt Aot QleS AT FF AAIAE AT vEk 2 wgo] B g
A77F YA wpeb, 1ICT AR of| A A}ﬁlﬂ HAFAZO] 7€M &90EA] F=s 28
dEle FEel BEs] A Fd AT =27k ol FoAA wikith

gy

24 ol
o o 2

o;:»r%‘r&ﬂ;d
El 41

i
3
fz
H#O

o fo H
A

B>

(
==

=%
o

o}
2
Lok
>
@ o

J[m n‘E

XNomk N le Bl bk to o
ol
o o

2=
4
o
rh
o
of

ol

iy

&2 g
o & m
2 Jor Ho

BV e

ZFAo] : &%, WEMZ, BE5ag, TEA, AEH A

Hed 2022 1€ 14¥ Erd 202239 12€ 119 AAEAY 120239 19 1¢
A

= =
A3 : &S Fast Track A AA: $32

A

* AAR  FAE
Zoltjstw YA st}
DAl AT FER 25 Sobtishn Fum A
Tel: +82-51-200-8755, Fax: +82-51-246-0610, E-mail: songjs@dau.ac.kr

200 Bibliographic info: J Intell Inform Syst 2023 March: 29(1): 175~201



Inclusive educational effectiveness through Metaverse for the disabled students and policy suggestions

A 2 & )

A

et PAY zuFz AFoln F2 AAAT Boks txd FE & ¥
29 732 AW oo} AFAE 71E mAE mAES AN FFs
ek vk Ad AA Soltk

o[N [~ ol OF
<l

2ot O o

201



