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Abstract

One of the most advanced reality technologies for education in recent years is aug-
mented reality (AR). To create a fun learning atmosphere and to aid student learn-
ing, several subjects have begun incorporating modern technology into their teach-
ing and learning procedures. In addition to being extensively tested and developed
for typical students, AR has also been used successfully to help kids with learning
disabilities (SLD). This study is focused on students with learning difficulties, look-
ing at the changes in the usage of augmented reality (AR) technology in education
over the previous few years, particularly in the area of physical education. Physical
Education (PE) is frequently identified as one of the disciplines that is challenging
for kids with learning disabilities to follow. This study makes use of a detailed anal-
ysis of an AR application in connection to this subject over the preceding five years
because AR has the significant potential to be applied in the field of physical educa-
tion. The development of this technology in physical education, the kind of AR tech-
nology employed, and the kinds of learning disability groups that the technology
can help are demonstrated in a clear and understandable manner. The researcher’s
perspectives and the chance to advance this study will be helped by this.
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1 Introduction

In this century, technology has become essential to human life, as evidenced by
the numerous innovations produced due to the effects of new technological devel-
opments on society (Scherer et al., 2019). Technology has fundamentally changed
how we communicate, socialize, and live our daily lives. Immersive technology,
which combines enhanced simulations or wholly artificial settings to create mean-
ingful and exciting learning, is one of the technological advancements that has
gained popularity over time (Barto, 2021). This technology, when used in educa-
tion, has been shown to be incredibly effective when teaching students. In fact,
it has been shown to be more effective than traditional methods in many cases
(Bowser et al., 2016; Kumar, 2020; Marin-Morales et al., 2019). With immersive
technology, students can engage with the material in ways that they would not be
able to otherwise (Mokmin & Ridzuan, 2022). In addition, they can learn in new
and innovative ways that they may never have thought of before.

With different existing technologies, this has become a new idea and innova-
tion in the education field. Over the past decade, there have been introduced mul-
tiple ways in which ’reality’ can be experienced, rapidly evolving as a result of
the rapid growth of technology (Mann et al., 2018). One of the immersive tech-
nologies in education that is expanding quickly and has significant potential is
augmented reality (AR) (Cabero-Almenara & Roig-Vila, 2019). Some scholars
refer to AR as the real-time use of technological equipment to combine digital
and physical information (Maas & Hughes, 2020). More specifically, AR refers
to the loading and merging of virtual objects, such as video, sound, photographs,
text, 3D models, etc., with real-world views (Tekedere & Goker, 2016).

Several AR technologies have been developed over the years, such as Poke-
mon Go (Walker et al., 2017) and Hololens (Paigude, 2019), and they are widely
used in everyday life by consumers and educators alike. With this technology, it
is hoped that it can become one of the positive changes that provide opportuni-
ties and strategies in education to create an innovative and attractive educational
environment for students in this era. AR regularly uses marker-based applications
that rely on picture recognition. For instance, while location-based applications
function without markers, an AR project has been developed that uses the user to
identify the augmented object. This method uses a digital compass or global posi-
tioning system (GPS) to detect the user’s location before replacing or combining
real-world physical objects with augmented ones (Parekh et al., 2020). There’s
also projection-based augmented reality, often known as Spatial Augmented
Reality (SAR) or projection mapping, which operates by projecting virtual data
directly into an actual space (Ojer et al., 2020).

AR has been widely used to promote various supports in education and a more
independent life (Akgayir & Akcayir, 2017). In this case, AR allows students to
learn independently because this technology provides a good learning experience
and level of satisfaction. Apart from education, AR applications have also been
developed to make everyday life easier. Several studies have demonstrated that
using AR in education boosts student motivation. The course content is presented
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engagingly and innovatively, evoking interest and curiosity in the learning pro-
cess (Cabero-Almenara & Roig-Vila, 2019).

In its use, AR requires supportive devices in the form of special AR devices, AR
glasses, virtual retinal displays (VRD), and the most ubiquitous, mobile devices.
Mobile devices are often used to support AR technology because, due to mobiles
being easily accessible, this technology also allows access to and the dissemination
of information about an individual’s environment (Gémez-Garcia et al., 2018). On
the other hand, incorporating technology into the curriculum is becoming a neces-
sity for effective teaching in the educational system because this particular educa-
tional technology tool offers countless possibilities that encourages students to learn
in a meaningful way by bringing real-world situations into the classroom where they
can engage in interaction and visualization (Lee, 2021).

This makes augmented reality (AR) particularly appealing and valuable in the
field of education today, in part because it provides fresh learning experiences and
integrates real-world things with virtual ones that can greatly aid the learning pro-
cess (Guerrero et al., 2020) as well as resulting in increased engagement with any
training activities (Cheng, 2017), and creating a pleasant learning environment
(Séez-Lopez et al., 2020), all of which are outcomes of using AR in teaching and
learning. Several subjects have started integrating AR into their learning activities to
facilitate learning and make it more interesting, generally science subjects, such as
biology, physics, chemistry, medicine, etc. (Ajit et al., 2022).

An essential component of a student’s educational curriculum is physical educa-
tion (PE). The course’s content is mainly related to the human physique, and psycho-
motor learning taught during primary and secondary education (Tabufiar Fortunado,
2016). It can aid pupils in learning about discipline, collaboration, and physical fit-
ness (Mokmin, 2020). Through learning, the course builds the abilities, know-how,
attitudes, and values necessary to create and maintain an active and healthy lifestyle.
Face-to-face instructions increase the students’ self-assurance and capacity to take
on challenges as individuals, groups, or as part of a team (WHO, 2010).

However, many schools do not provide sufficient resources to ensure that students
with disabilities can participate in physical education classes, as stated by Bertills
et al. (2019) and Demchenko et al. (2021). For many students, a lack of access to
this type of instruction is a significant barrier to their academic success. This could
lead to self-esteem issues and a lack of interest in school overall (Krause et al.,
2020). Even though laws have been implemented to guarantee that disabled chil-
dren have access to educational opportunities, many kids still encounter significant
barriers to receiving these services (Haegele et al., 2018). International recognition
has been given regarding the value of physical education (PE) in modern schooling
(Yang et al., 2020). The challenge for schools is to provide inclusive programs that
cater to all of their students’ needs, regardless of their level of ability or status as
having a disability.

People with disabilities may have ongoing physical, mental, intellectual, sen-
sory, or other impairments that, combined with other factors, may prohibit them
from participating completely and equally in society (Leonardi et al., 2006). Activi-
ties that meet these real-life criteria are extensively emphasized in the curriculum
because kids with special education needs need real-life experiences to address
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their challenging behaviors and build crucial fundamental skills (Cakir & Korkmaz,
2019). Integrating them into a regular physical education session is therefore even
more difficult (Clemente, 2017). Due to the obstacles to physical activity that stu-
dents with disabilities face at all levels of society, students with disabilities are less
active than their non-disabled peers (Ubeda-Colomer et al., 2019).

Although it has been shown that technology can aid kids with impairments in
their academic progress, most PE teachers still use traditional didactic teaching
methods in their classrooms such as reading a book that explains a sports activity
with several pictures. There is also practice time where the teacher will demonstrate
and describe the action. Raising the standard of physical education is challenging
since students frequently act without thinking (Zeller, 2017). This technology is still
not being used to its full potential. AR in physical education can help pupils perform
better by considering its numerous dimensions: it facilitates understanding the theo-
retical portion of the curriculum (Hsiao, 2013).

By implementing AR technology in the PE teaching and learning process, stu-
dents can enhance their performance in various ways such as being introduced to
virtual content in the classroom. Students can develop their digital abilities while
contextualizing their studies and learning more about other fields (Arici et al., 2019).
As a result, their academic performance and the classroom climate will improve
(Fidan & Tuncel, 2019). Studies have shown that immersive technologies positively
impact learning retention (Alzahrani, 2020) and that students who use these tech-
nologies motivation (Mokmin & Jamiat, 2021). However, several studies have been
done to explore the use of AR by special ability students, like the study by Papako-
stas et al. (2021). The majority of the earlier research consists of modest pilot stud-
ies that weren’t explicitly created to assess how AR affected children with physical
limitations when learning physical education.

By incorporating AR technology into the special education curriculum, aug-
mented reality environments will be able to provide kids with the real-life experi-
ences that they require more readily and safely, especially in physical education sub-
jects as one of the learning strategies. The study of the associated trends can provide
an insight for educators on the application of AR in education which can simulta-
neously aid the students’ learning and rehabilitation. The use of digital technolo-
gies has enabled teachers and trainers to provide students and patients with access
to resources and information through applications that can augment their experi-
ence and facilitate the learning process of physical training. The knowledge of these
trends can also give developers an insight into how people with disabilities can ben-
efit from the technology and who can use it effectively in their daily lives.

2 Augmented reality in education

AR allows an individual to watch computer-generated information that enhances
real-world items or environments (Garrett et al., 2018). Through the use of smart-
phones or eye devices, AR uses image recognition technology to identify places,
images, markers, or things superimposed on the real world. The distinction
between augmented reality and virtual reality is that augmented reality relies on the
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integration of the digital (virtual) domain and physical (real) environment rather
than attempting to build a totally digital world that people can interact with (Garrett
et al., 2018). The three basic concepts that constitute AR are immersive, interactive,
and participatory (Da Silva et al., 2017). The sense of being in one’s surroundings is
related to immersion. Nowadays, AR’s application in multiple domains, especially
in education, is on the rise.

Augmented reality has a lot of potential as a learning aid and it has already
begun to influence education. The advancement of pedagogical techniques and aug-
mented reality technologies may help pupils assimilate the learning material more
quickly (Vutd, 2020). Physical education teachers claim that AR is an excellent tool
for improving human mobility abilities and maintaining human health competence
(Klochko et al., 2020). To ascertain the augmented reality (AR) developments in the
sphere of education, (Sirakaya & Sirakaya, 2020) released a study that meticulously
examined the studies that employed augmented reality (AR) to advance STEM edu-
cation. Specifically, 42 papers from journals with indexes in the SSCI database were
analyzed. The review concluded that the research growth rate in this area is not con-
stant, although 2016 and 2018 showed an increase in journal publications, indicating
that AR has gained popularity relative to the earlier years.

Although AR is famous as an additional learning material for science, several
reviews on the trend of AR have also displayed ongoing trends over the years. A
study on the evolution of technology trends from 2011 to 2021 done by Dubé and
Wen (2022) shows that AR is one of the simulation technologies forecasted to have
long-term effects on education. The review also added that advancements have
been made regarding mobile providers implementing an operating system that has
allowed AR to be developed for mobiles. AR has also generated the most publica-
tions, followed by virtual reality.

Another review by (Chiang et al., 2022) shows that AR has also been imple-
mented in vocational training. Specifically, 80 relevant studies were chosen for the
final analysis from the review’s cross-referencing and abstract reading processes
from two perspectives: the development of vocational skills (including application
area, target audience, training objectives, and effects) and the use of augmented
reality training technology (including AR applications, AR training systems, and
devices). The results show that AR has been most frequently used in industrial train-
ing, medical training, industrial maintenance, and assembly.

In Table 1 below, we can see the results of a review of each article that shows the
range of years of the paper that was included in the research, the number of papers
that meet the criteria, and what fields of education use AR for learning from the
selected paper.

The table above compares four of the recent articles that have reviewed the use of
AR applications in educational settings. The first study by Saidin et al. (2015) found
nine papers related to the research topic published between 2007 -2013. A subse-
quent survey by Sirkaya and Alsancak Sirkaya (2018) examined the trends found
in the use of AR learning. The research found that 86 papers were included in the
predetermined criteria and that all of the papers were published from 2011—2016.
Garzoén et al. (2019) conducted a comparable study, namely a systematic review and
meta-analysis of augmented reality in educational contexts. From his research, it
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was found that 61 relevant articles were published between 2012—2018. The final
participant in a comparative trial was Ajit et al. (2020), who found 18 papers pub-
lished in 2012—2020. The comparison articles above show that each article found
there to be several fields of education that use AR in their learning. Table 2 below
summarizes the educational fields that use AR in their learning process to see which
areas use AR the most.

The table above shows which areas of education use AR technology the most in
their learning process. From the summary of the four primary papers, it was found
that the results in the field of Mathematics and Statistics were that the education
sector used AR the most, with a total of 39 papers included. The second rank is
occupied by Biology, with 18 included papers. The third rank is held by Engineering
Education, Manufacturing, and Construction with 14 included papers. According to
Table 2, the enthusiasm of the researchers and developers is regarded as excellent,
as indicated by the many variations in the field of education that have begun to inte-
grate this technology into their learning. Still, it can also be seen that these studies
are not found in the field of physical education. In contrast, physical education is a
subject where AR technology can be integrated as one of the learning strategies that
can be applied. This is a new research field that has great potential in the future.

2.1 The trends of augmented reality in physical education

The trend of augmented reality in physical education is now becoming more prev-
alent in mainstream physical education curriculums worldwide. While there are

Table 2 The total number of
studies using AR according to
field of education

Educational Field Total

Mathematics and Statistics 39
Biology 18
Engineering, Manufacturing and Construction 14
Medical Education and Medical Training 13
Physics 13
Arts and Humanities 10
Chemistry

Social Sciences, Journalism, and Information
Natural Sciences and Sciences

Informal Education

Astronomy

Information and Communication Technologies
Languages

Health and Welfare

Special Education

History

Preschool Education

—_— W W A R NN D

Education
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various benefits to incorporating AR into physical education, it is important to
understand the risks and vulnerabilities of these technologies so then they can be
addressed before widespread use. The majority of children learn about physical
activity (PA), which is a crucial part of their overall health, in physical education
(PE) classes at school (Cheung, 2019).

Chen et al. (2020) has used AR technology to demonstrate Tai-Chi movements to
older adults. They created an app that uses specific Tai-Chi movements according to
the practitioner’s capacity for augmented reality-assisted training. The results show
that the users successfully learned the fitness exercise and got positive outcomes for
their exercises. Another AR fitness app developed by Nair et al. (2019) proved that
AR can be used for fitness. Their AR app encourages users to increase their level of
fitness activities at each level in the AR game app. These results prove that the AR
technology can be integrated into a fitness app for better results. However, further
searching on all databases shows that there are very few systematic reviews on the
trends of AR in PE.

2.2 Students with special needs (SSN)

The numerous aspects of a child’s growth that make them who they are include their
personality, communication abilities (verbal and nonverbal), resilience, strength,
capacity to understand and enjoy life, and their drive to learn. Because each child is
unique in their talents, personalities, and life experiences, different disabilities will
have distinct effects on each child (Mercier & Doolittle, 2013). There are numer-
ous ways to define "students with special needs" (SSN). According to Rattenbury
(2021), SSNs may result in physical issues, terminal illnesses, and learning difficul-
ties. Some will also experience cognitive or psychological problems. The Nidirect
UK (2021) study identifies SSNs as having exceptional educational needs that make
learning more challenging than it is for other students their age. They may also have
problems with communication, behavior, or schoolwork. Therefore, educators have
developed Exceptional Education to meet the unique learning needs of these indi-
viduals. The Ministry of Women, Family and Community Development stipulates
that there are specific disabilities, specifically seven types including vision, speech,
physical, learning difficulties, mental, and various or multiple disabilities (Abdullah
& Hanafi, 2017; Olufadewa et al., 2021).

According to Bryant et al. (2019), to facilitate the learning of students with spe-
cial needs, the following key attributes should be included in their education:

Free appropriate public education

Less restrictive environment

Systematic identification procedures
Individualized education programs

Family involvement

Related Services

Access to the general education curriculum
Evidence-based practices

NN R WD
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9. Frequent monitoring of progress.

Although it is hard for an educational system to facilitate all of the attributes
mentioned, the effort to include the primary key attributes can contribute to inclu-
sivity among SSNs. According to the Special Education department data, most of
the SSNs in Malaysia are categorized as having a Learning Disability (LD) problem.
Approximately 82% of the SSNs in 2020 are students with a LD. Learning disability
refers to a level of intelligence that does not match the individual’s biological age.
This category includes advanced global development, Down Syndrome, and intel-
lectual disability. This category also includes conditions that affect the individual’s
learning ability such as autism (autism spectrum disorder), attention deficit hyperac-
tivity disorder (ADHD), and specific learning difficulties such as dyslexia, dyspha-
gia, and writing disorders (Radzi et al., 2019). Referring to the previous explanation
that the most significant percentage of SSNs in Malaysia are students with learning
disabilities, this study will focus on SLDs to see if there are studies that have inte-
grated AR technology into PE classes with SLDs as participants.

2.3 Augmented reality with learning disability students

For students with disabilities, AR technology can assist in various ways. We can see
the reviews that AR can be used as a learning material that teaches diverse physi-
cal learning, performs self-care tasks, and retains information for a long time (Arif-
fin et al., 2022; Mokmin & Rassy, 2022). For people with disabilities, augmented
reality (AR) is a potent tool because it may display context-sensitive digital content
that is able to satisfy their individual needs at the time and provide timely learning
(Walker et al., 2017). As special education learning materials developers, there is
an urgent need to understand the innovative tools available and apply them to meet
the learners’ unique needs. For instance, teachers can add text tags to real-world
items that the AR software can read to contextualize words. AR apps can read dif-
ficult terms aloud, display other information about academic topics, provide video
instructions, provide detailed information about upcoming programs when engaged
in multi-step activities, or provide tips to individuals to support independent living
(Alzahrani, 2020; Billinghurst et al., 2014; Lai et al., 2019). If we consider the prac-
tical use of AR in education and a more user-friendly entertainment value design,
AR can offer a variety of alternatives.

Learning disability is usually caused by a discrepancy in how a person’s brain
is "wired," to put it simply (Rachamalla & Rafi, 2016). It also has to do with
the neurological problems that usually cause learning impairment. Students with
learning disabilities (SLDs) are just as intelligent as their peers. However, they
may struggle with reading, writing, spelling, reasoning, and organizing infor-
mation if left on their own or taught conventionally (Rachamalla & Rafi, 2016).
Specialized teaching techniques are needed for students with learning disabili-
ties, communication problems, behavioral problems, or developmental concerns
to improve their learning and skill acquisition (Cifuentes et al., 2016). LD chil-
dren struggle to organize and comprehend visual and aural information during
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learning. They usually have a lack of concentration, are hyperactive, and have dif-
ficulty in terms of making social and environmental adaptations. Each LD student
has a unique character that we should consider when designing suitable learning
materials for LD students (Radzi et al., 2019). Because individuals with learning
difficulties frequently become unmotivated during the learning process, the moti-
vation to learn might be a problem. Although PE provides SSN opportunities to
develop their emotional and physical development, they tend to participate less
than other students (Adams, 2016). Therefore, educators should consider the stu-
dents’ special needs and focus more on getting their concentration and providing
an adaptable learning environment.

According to Yenioglu et al. (2021), for students with special needs, AR can be
used as a teaching tool to help them learn, build their comfort and confidence, and
strengthen their social, physical, and cognitive capabilities. Integrating AR for chil-
dren with learning disabilities is one of the learning strategies that can be used to
help. Physical activity is necessary for children with disabilities to develop properly,
yet choosing an appropriate physical activity for children with impairments can be
difficult when an attempt is made to integrate them into a regular physical education
lesson (Clemente, 2017). Due to the many obstacles to physical activity that people
with disabilities face at all levels of society, students with disabilities are less active
than their able-bodied peers (Ubeda-Colomer et al., 2019). Using AR technology as
part of the students’ physical activities becomes a new strategy that can be inves-
tigated to re-encourage the spirit of children with disabilities to carry out physical
activities and sports in the same way as their peers.

The systematic review technique can produce a summary of trends or a sum-
mary of certain research topics that are generally found in the articles collected over
several years. This is very helpful for researchers who want to get an overview of
research development in this field. This is demonstrated by the research conducted
by Quintero et al. (2019) who conducted a systematic review of articles from 2009—
2018 that summarized the state of employing augmented reality as a teaching tool
that considers all student requirements, including those with disabilities. The appli-
cation of AR in special education and inclusive schools is a common emphasis of
the current systematic reviews but the breadth of this research is still broad. There-
fore, a more thorough systematic examination of physical education for kids with
learning difficulties will be carried out in this study. This can act as an inspiration
for future research with the goal of this study being a guide, aiding researchers by
providing an overview of the development of AR in PE with SLDs.

3 Methodology

The recommended reporting items for systematic reviews and the meta-analysis
(PRISMA) review protocol, including a search strategy, selection criteria, and data
acquisition and analysis processes, were used to conduct the systematic review pro-
cess to accomplish this study’s objectives (Liberati et al., 2009). The research ques-
tions (RQs) were:
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(1) What was the trend of AR applications in physical education during the 2015—
2021 period?

(2) What progress has been made in the study of employing augmented reality (AR)
technology in the field of physical education with students who have learning
disabilities (SLD) as the participants?

(3) What variables are used in the research of AR in the PE field with SLD?

(4) What kind of AR types are used in the PE field in relation to SLD?

(5) What categories of learning difficulty have been investigated in relation to the
PE field’s AR application?

(6) What are the differences and limitations of selected research?

To find empirical studies on augmented reality in physical education with chil-
dren who have learning disabilities as the study sample, a thorough search was con-
ducted. The studies selected were published between 2015 and 2021 and were iden-
tified using databases such as ERIC, PubMed, ScienceDirect, PsychINFO, Google
Scholar, Elsevier, EBSCOhost Routledge (Taylor & Francis), SAGE, IEEExplore,
and Springer. The following keyword search terms were used during the electronic
scanning phase: (CAugmented Reality’ OR ’Augmented Reality Technology’ OR
"’Augmented Reality system’) in ("Physical Education’ OR ’Sports’ OR ’Sports Edu-
cation’) with ("Disabilities” OR ’Disability’ OR ’Disabled” OR ’Disorder’ OR ’Spe-
cial needs’) students. The selected studies were reviewed based on the title, abstract,
method, and results to ensure its relevance. The literature review flow diagram is
shown in Fig. 1 below which demonstrates the process starting from identification,
through to screening, eligibility, and the included articles.

The search results of the online databases using the keywords mentioned above
resulted in 71 articles. Three articles come from additional records identified
through other sources or manual searching. When the scanning process was com-
plete, the next step was to perform a PRISMA-based selection process. From the
71 articles that were found, screening was carried out. Four duplicate articles were
found from the results of the first screening, then the articles were discarded, fol-
lowed by a second screening process finding 63 excluded articles. These articles
were excluded because they did not meet the criteria. After reading in more detail,
58 further articles did not meet the criteria that had been determined. Most articles
used AR technology for learning in physical education or sports without involving
disabled students as the research participants. This was the main problem encoun-
tered because research on this topic is still rarely studied. Therefore, it is challenging
to find similar research. This also causes the results of the included articles to not to
total much, even though the range of article publications has been expanded.

As many as five articles were not determined to be empirical studies. This
is because there ere two categories of non-empirical method used to review the
advancements in a particular field of research (e.g., systematic literature review,
meta-analysis). Certain non-empirical techniques (such as critical studies and edi-
tor’s introductions) rely on the author’s authority or experience, personal observa-
tions, and reflections on current affairs (Dan, 2019). After going through the screen-
ing stage, it was found that four articles met the criteria and were therefore included
in this study.
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Record identified through Additional record identified through
g database searching (n=58) other sources / manual searching (n=13)
k=
Q
=
=
L3
=
Record included (n=71) ’—> Duplicates removed
(n=4)
o0
.5
(=
3
5 Records excluded
2 Y (n=63)
Record screened (n=67) »
Not meet the keywords
criteria (n=58)
Non-empirical studies
2 (n=5)
5 v
2 Full-text article assessed
= for eligibility (n=4)
7e)
Q
=]
=
Q
=
Studies included (n=4)

Fig. 1 Flow chart of the PRISMA-based selection process

3.1 Eligibility criteria

Exclusion and inclusion criteria were employed as part of reporting the systematic
review and meta-analyses in accordance with the population, intervention, comparison,
outcomes, and study (PICOS) design principles to find papers pertinent to this research
(Methley et al., 2014). This study’s exclusion and inclusion criteria have been described
in Table 3 below.

After the screening process following the predetermined criterion, four articles met
the requirements, whereas 47 articles did not meet the inclusion criteria because most
of them used AR for physical education or sports field classes but did not include disa-
bled students. Alternatively, they used AR as part of an interaction with disabled stu-
dents but not in the physical education/sports field.
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Table 3 Exclusion and inclusion criteria

Inclusion criteria Exclusion criteria

It is a full-text article, and it is from an international ~Conference proceedings, book chapters, reports,

peer-reviewed journal letters, or papers with simple summaries
It used AR as the primary technology AR technology is not the leading technology used
in the study
It used AR technology in the physical education/ AR is implemented in another educational field
sports field (chemistry, physics, biology, etc.)
It included participants with special needs The study uses more than one technology (virtual

reality, mixed reality, etc.)
It was published between 2015 and 2021
It was written in English

4 Results and discussion

The outcomes of the five research questions will be presented in this section. First and
foremost, the focus was on the most recent developments in AR technology in physical
education to determine the current trends. The second research question determined the
most recent outcome in AR technology in PE with disabled students. The third ques-
tion helped the researcher to decide which variables are commonly employed in AR
studies in physical education, followed by what types of AR are used in this field. The
last question was to determine which disabled student groups were being examined.

4.1 Trends of AR technology in physical education from 2015-2021

From the 61 articles collected from 2015 — 2021, there were 14 articles found to be
related to the application of AR in the PE field.

Figure 2 above shows that there were no papers published in 2015. Every year from
2016 to 2017, the number of published articles increased but in 2018 and 2019, com-
pared to the previous year, fewer articles were published. Lastly, in 2020, there was a
significant increase of seven published articles, followed by a reduction in 2021. We
can deduce from the graph that while the interest of researchers in this topic is still
low, research in this field began to gain traction in 2020, as indicated by the significant
number of papers published in that year compared to the average number of published
articles in the prior years. This trend answers the first research question, showing that a
few researchers are aware of the many positive impacts resulting from the integration of
this technology as demonstrated by the graph concerning the last five years of research
in education.
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Trends of AR in Physical Education

Number of Published Articles

2015 2016 2017 2018 2019 2020 2021

—=@=Year

Fig.2 Recent trends of AR in physical education

4.2 The development of research on the use of AR technology in the PE field
with SLDS as participants

One of the qualifying requirements that has been established states that papers that
might be submitted in the review must use augmented reality technology in the field
of physical education or sports. The second research question sought to learn how
the studies on the application of augmented reality technology, specifically in physi-
cal education, have developed using SLDs as participants. As shown in Fig. 2 above,
61 articles were successfully collected according to the specified keywords. After
the analysis process, none of the articles found discuss the implementation of AR
into PE classes with learning disability students as the participants. This shows that
this field of research has great potential because no one has researched it yet. On the
one hand, the four articles that were included in this study inclusive of the results of
the analysis were engaged in sports and training with disabled children as shown in
the table below.

From Table 4 above, we can see that the first article by Lin and Chang (2015),
seeks to investigate how augmented reality (AR) games might help youngsters with
disabilities get stronger physically. This is followed by the research conducted by
Graf et al. (2019) that identified the potential of iGYM AR-based games to accom-
modate a variety of abilities and mobility aids in exergames. Using the same appli-
cation, Lu et al. (2020) used it to create the final player detection and filtering tech-
nique for iGYM. Many tracking algorithms were assessed and their performance
was compared. Lastly, the research conducted by Nebytova et al. (2021) proved AR
technology’s effectiveness when aiming to enhance learning in relation to the educa-
tional and training process of track and field athletics.

The results show that no research has been conducted more specifically in the
PE field regarding the use of AR technology in relation to SLDs, even though many
advantages have resulted from the use of AR in the PE field in reference to sev-
eral studies that researchers have carried out. However, there were four studies on
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Table 4 List of research studies included

Author (year of publication) Purpose

(Lin & Chang, 2015) Sought to enhance the body strength of children with disabilities using a
body motion interactive game

(Graf et al., 2019) Found ways that iGYM could be used in exergames to accommodate a
range of abilities and mobility aids

(Lu et al., 2020) To decide on the player recognition and filtering approach for iGYM, then
to examine the performance of several tracking algorithms and evaluate
them

(Nebytova et al., 2021) Shows that augmented reality technology can improve the learning related

to the coaching and instructional processes for track and field sports

physical activity, three of which aimed to help children with disabilities in reference
to sports and other basic physical activities.

4.3 List of variables used in the research of ar in the PE studies

Research question number three aimed to determine what variables are used in the
research on the implementation of AR technology in the PE field by focusing on stu-
dents with learning disabilities as the participants.

As shown in Table 5 above, one study employed the physical play experiences
of the participants as the dependent variable, one article used the health improve-
ment of the participants, and two articles used body movement. Two articles used
inclusive AR floor projection as an independent variable. One article used AR-based
interactive games, and the last article used AR sports and game training. From some
of the studies above, it can be seen that most of the research conducted in the sports
field for SLDs has tried to examine the effects resulting from the use of AR on the
SLDs’ body movements and health improvements.

4.4 Types of AR technology used in the PE field with SLD

The three articles that are shown in Table 3 applied projection-based AR. This
works by projecting artificial light onto an actual surface. The other technique that is
often used is markerless AR. This does not require a marker to display specific 3D
objects and also sometimes it allows the user to interact with it. One of the articles

Table 5 List of variables used in the research of AR in PE studies

Author Dependent variable Independent variable

(Lin & Chang, 2015) Body movement AR-based interactive game

(Graf et al., 2019) Physical play experiences Inclusive AR floor projection system
(Lu et al., 2020) Body movement Inclusive AR floor projection system
(Nebytova et al., 2021) Health improvement AR sports and game training method
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used AR interactive games. It aimed to increase the motivation of children with
developmental impairments to participate in physical activities by integrating a web
camera that tracks movement and allows the participants to interact with the project
physically. The two articles used floor projected AR in exergames to help students
with a movement impairment to experience playing a hockey game like their peers.
The last article used markerless AR in the form of AR interactive sports games to
evaluate the training effect in the educational and training process in relation to track
and field athletics.

We can conclude that all articles were developed in the field of physical activity
which aims to help SLDs; more specifically, three of the articles researched the field
of sports, and one of them was conducted in the field of simple physical activity.
The findings above provide an answer to research question number 4, demonstrating
that markerless and projection-based AR are the two most popular types of aug-
mented reality. Markerless AR includes holding 3D content to a fixed point in space
while overlaying it over a scene without requiring prior knowledge of the user’s sur-
roundings. This is in accordance with the target sample they tested, namely students
with learning disabilities who then focused on seeing their body movements when
using the application. This will significantly facilitate researchers and participants
using the projection-based AR and markerless AR types.

4.5 List of disability groups that participate in the research of ar technology
in the PE field

The four articles show that three types of disability were included in this research.
One article included SLD with developmental disabilities as the participants consist-
ing of three students, each of whom had different skills: developmental disabilities,
cerebral palsy, and moderate multiple disabilities. The following article included
SLD with hearing disorders in their research. Two articles tested SLD with mobil-
ity disabilities assisted by mobility aids. We can conclude that the research on AR
used in physical activities with SLD, according to these four studies, found that the
research on mobility disabilities dominates, followed by developmental disabilities
that also affect movement. The reviews are essential to determining the type of AR
and variables used in the studies. Most of the articles have made an attempt to see
what effect the technology has on children with disabilities that interfere with their
mobility.

4.6 The differences and limitations found in selected research

Table 6 summarizes the comparison between the four articles included in this study.
The first study used an AR application to increase the body strength of children with
developmental disabilities. This study found positive results for using AR applica-
tions for children’s physical activity and motivation. As for the limitations of this
study, researchers must adjust the content of AR applications for the four partici-
pants. This is somewhat less effective if a large number of participants faces further
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research in the future. In future research, it is suggested to find commensurate par-
ticipants so that they do not need to adjust the content for each participant.

The second research created an AR interactive floor projection system to ena-
ble people with mobility disabilities to play exergames with people with no spe-
cial needs. This study uses a peripersonal circle to detect participants’ movements.
The results show that some participants who have previously played adaptive sports
think this application is easier to use because it does not require special equipment
like other adaptive sports. Most participants felt this was their first experience exer-
cising with disabled people. As for the shortcomings in this study, some participants
felt that external factors affected players’ gameplay during matches, which can be
minimized by practicing before the actual games. This research is also limited to
wheelchair users, and further research can develop this application so that move-
ment disabilities can use it with other mobility aids.

The third study tries to improve the second study, where the study uses the same
AR application but focuses on testing the most effective algorithms to reduce delays
when detecting participant movement, namely Kalman Filtering (KF) and Particle
filtering (PF). The results show that using both algorithms is proven to increase the
accuracy of movement detection compared to detection-only algorithms. The two
algorithms also have a slight difference. For basic movements, the two algorithms
are comparable, but for sudden maneuvering player movements, PF is more effec-
tive. The shortcomings are that the algorithm used for real-time system field trials
with actual users is only KF because the two algorithms are identical. Suggestions
for further research to try PF as well to get accurate results for the difference in the
use of the two algorithms.

The last study aims to prove whether AR technology can improve learning in
track and field sports coaching and instructional processes in children with hearing
impairment. The results show that AR significantly positively impacts student learn-
ing processes. As for the shortcomings found by this study, the lack of AR research
in sports training areas caused the lack of references can be used. This is potential
research that researchers and developers can develop in the future.

5 Discussion

A systematic review is a methodology of critically evaluating, summarizing, and
seeking to reconcile evidence (Munn et al., 2018). It entails conducting a com-
prehensive search for all pertinent published and unpublished material on a topic
(Siddaway et al., 2019). The use of AR in PE over the last six years was examined
in this study using the systematic review approach. In the early stages, 61 articles
were found following the examination of the online database search results, which
were then analyzed. Only 14 articles addressed AR technology use in the PE pro-
fession were located. Still, the number of publications on this topic increased sig-
nificantly in 2020. This demonstrates that this topic of study has started to draw
the interest of various researchers and will only continue to expand. Even though
technology has increasingly permeated both professional sports and our daily
lives in recent years, the integration of the AR-based applications into PE is still
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low. According to Yang et al. (2020), the usage of Bluetooth, network position-
ing, infrared rays, augmented reality (AR), virtual reality (VR), Bluetooth, the
Internet of Things (IoT), and Bluetooth in physical education has not been stud-
ied; all of these technologies are worth investigating.

Overall, this study’s findings have revealed that the recent developments in
AR applications in relation to PE were unstable and largely consisted of a small
number of applications. The movement showed that researchers are not yet aware
of the positive impact of AR technology’s integration in sports learning, nor
has it found there to be research in this area when including SNS. When this
was incorporated into the PE curriculum for kids with learning difficulties, it
has a good impact. The papers also outlined the advantages of using AR in the
world of sports. The technology can assist with interface interactions, providing
physical play experiences and real-time feedback for various types of disabili-
ties (Graf et al., 2019). Additional to that, the technology also effectively helped
deaf children practice track and field athletics (Nebytova et al., 2021). However,
from the 14 articles, four articles worked on the physical activity environment
and involved SLD. Of the four articles included in this study, most used marker-
less AR to detect body movements as the dependent variable with inclusive AR
floor projection as the independent variable. This study was mostly done using
SLD with mobility disabilities, followed by developmental disabilities and hear-
ing disorders.

6 Conclusion

In light of the benefits that augmented reality technology can offer regarding the
learning process, it can be concluded that there is a dearth of studies on the use of
physical education in education. By integrating this technology in the classroom, it
can help increase the level of student motivation and development, especially for
students with special needs. It can also help them learn safely and comfortably.

Most of the research conducted in this area, specifically integrating it with stu-
dents with special needs, is still focused on students with limited mobility with the
aim of helping them visually by trying to get their attention first. The child will
unconsciously be aroused and do what is shown or demonstrated by the technology.
This helps to train their movements so then these children are motivated to do the
physical activities necessary for their health. It also allows the children with disabili-
ties to experience playing sports which are otherwise difficult for them to do, unlike
how the sports are for their peers. Overall, the effectiveness of using AR technology
shows there to be positive dynamics. The accessibility of AR enables users to inter-
act physically with technology to inspire youngsters with developmental challenges
to engage in physical exercise. For future studies, it is hope that more reviews will
be examine the trends associated with applying AR in the development of different
subjects for students with disabilities. It is hoped that this research can be used as a
reference for developers and educators to develop more AR tools for students with
disabilities that can be implemented into the learning curriculum.
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