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Abstract
This study is a literature review aimed at exploring the utilization of Augmented Reality (AR) technology in
the education of students with special needs. A systematic literature review method based on the PRISMA
protocol was employed, with sources collected from databases such as Scopus, ScienceDirect, Google
Scholar, and Sinta. A total of 15 selected articles met the inclusion criteria, which included a focus on AR in
special education and publication years between 2015 and 2024. The results show that AR helps students with
special needs, such as those with intellectual disabilities, autism spectrum disorder, and visual impairments,
pay more attention, understand concepts better, and be more motivated to learn. Furthermore, research
demonstrates that AR fosters student independence and engagement by utilizing interactive visuals and
immersive learning experiences. This review recommends broader integration of AR into inclusive education
curricula and draws attention to the importance of teacher training in AR-based instructional methods. Future
research is encouraged to develop AR applications tailored to specific student needs and to empirically
evaluate their effectiveness across educational levels.
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Introduction

The development of information and communication technology has driven a transformation in the world of
education, particularly in the way teachers deliver material and students receive information. One technology
that continues to develop and is beginning to be implemented in education is Augmented Reality (AR). AR
allows the real world to be blended with digital objects interactively and in real time, creating a more immersive,
visual, and contextual learning experience.

In recent years, the use of AR in education has demonstrated a positive impact on student engagement,
understanding of abstract concepts, and motivation to learn. However, the majority of AR research and
implementation is still focused on regular students, particularly in STEM (Science, Technology, Engineering,
and Mathematics) fields. However, students with special needs, such as those with visual impairments, hearing
impairments, autism, and other learning disabilities, face unique challenges in accessing and understanding
conventional learning materials.

Students with special needs often face limitations in communication, visual/auditory perception, social
interaction, and cognitive abilities. Therefore, an adaptive and multimodal learning approach is needed. In this
context, AR has the potential to be an innovative solution because it can present visual and audio content
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simultaneously, interactively, and tailored to individual student needs. For example, AR can be used to visually
introduce three-dimensional objects to deaf students, or provide voice simulations with text for autistic students.

Despite its significant potential, research on the use of AR in the learning of students with special needs remains
very limited, both in terms of the number of publications and the depth of study. There are few studies in the
literature that systematically identify how AR technology is implemented, the technical and pedagogical
challenges that arise, and its effectiveness in supporting inclusive learning.

Therefore, a comprehensive literature review is needed to collect, analyze, and synthesize relevant research
findings on the use of AR in the learning of students with special needs. This study is expected to provide an
overview of existing research trends, identify gaps in the literature, and provide direction for further research
and development in the field of inclusive educational technology.

Literature Review

Augmented Reality (AR) technology has become a significant innovation in digital education due to its ability
to incorporate interactive visual elements into the real world in real time. In practice, AR allows students to
view three-dimensional objects, animations, and additional information that can enrich the learning process.
This technology has been shown to increase student interest in learning, conceptual understanding, and
engagement, particularly in subjects such as science and mathematics (Billinghurst & Duenser, 2012).
However, research on AR is still dominated by its application to the general student population, while studies
focusing on the use of AR for students with special needs are very limited. Yet, students with sensory, cognitive,
and socio-emotional disabilities often require visual, concrete, and interactive learning media—characteristics
inherent to AR. In the context of inclusive education, AR is considered to have great potential to bridge the gap
in learning access for students with hearing impairments, visual impairments, autism, and various other special
needs.

Several studies have shown positive results in the use of AR for students with special needs. Dominguez et al.
(2020) reported that the use of AR applications in science lessons improved the understanding of deaf students
through visualization of concepts that were difficult to explain using sign language alone. Radu et al. (2017), in
their study of autistic students, found that AR can be used to practice social skills, such as recognizing facial
expressions and understanding social situations in safe simulations. For blind students, sound- and vibration-
based AR technology can be used as an orientation and mobility aid (Sanchez et al., 2015), although developing
disability-friendly content remains a challenge.

On the other hand, the use of AR in learning also faces several obstacles, such as limited devices that support
the technology, the need for teacher training in designing interactive materials, and the lack of AR content
standards that can be adapted to the needs of each type of disability. A study by Alrehaili and Bano (2021)
showed that although AR has been shown to improve learning outcomes in students with dyslexia, this success
is highly dependent on the quality of the application design and teacher involvement in the integration process.
In general, existing research tends to be fragmented and focused on specific types of special needs, leaving a
gap in the literature in understanding the overall effectiveness of AR in inclusive learning. Furthermore, most
research is conducted on a small scale and in developed country contexts, while publications from developing
countries are still very limited. This situation highlights the need for a systematic review that compiles and
evaluates the existing literature to formulate a direction for research and development of more inclusive
educational technology
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Methods

This study used a systematic literature review (SLR) approach based on the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines to evaluate the use of Augmented Reality (AR)
technology in teaching students with special needs. The steps taken in the review process included:

1.

Identify Sources

Article searches were conducted through several scientific databases, including Scopus, ScienceDirect,
SpringerLink, Google Scholar, and ERIC. Keywords used included: "Augmented Reality AND Special
Education," "AR AND students with disabilities," "AR for inclusive education," and "technology AND
special needs learners." Publication years were limited to 2013 and 2023.

Study Selection

Inclusion criteria included:

a. Peer-reviewed scientific journal articles

b. Focus on the use of AR for students with special needs (deafness, blindness, autism, dyslexia, etc.)
c. Provide empirical data or findings

d. Written in English or Indonesian

Exclusion criteria included non-academic articles, abstracts without full text, and studies that only
discussed AR without the context of special needs..

Screening Process

Of the 127 initial articles found, a screening was conducted based on title and abstract, followed by full-
text screening. After this process, 15 articles were deemed to meet the criteria and were further analyzed.
Data Extraction and Synthesis
Data extracted from each article included: year of publication, student context (type of special needs), type
of AR application, research methodology, and key findings. A descriptive qualitative analysis was
conducted to identify key themes and research gaps.

Results and Discussion

1.

4.

AR Improves Attention and Focus in Learning

11 of 15 journals reported that the use of AR significantly improved the attention and concentration of
students with special needs, especially children with autism and mild intellectual disabilities. 3D
visualizations and interactive experiences helped reduce distractions.

Improved Conceptual Understanding and Information Retention

AR helps students understand abstract material through visual and audio simulations. Students with
intellectual disabilities showed a 20—40% increase in comprehension scores compared to conventional
learning (found in 8 journals).

Multisensory Stimulation Supports Different Learning Styles

AR technology combines visual, audio, and kinesthetic elements, which is particularly beneficial for
students with cognitive disabilities. Students with visual impairments and low vision benefit from AR-
based descriptive audio features.

Increased Independence and Motivation
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AR provides an engaging and enjoyable learning experience, motivating students to learn independently.
Six studies reported increased student active participation in inclusive classrooms after using AR media.
Adaptability of AR Media to Special Needs

Personalized AR applications are more effective for children on the autism spectrum. AR-based media in
the form of educational games is suitable for students with intellectual disabilities and hyperactive children.
Technical Barriers Remain

Several studies have noted device limitations (smartphones/tablets) and a lack of teacher training as major

barriers to implementation.

Table 1. Quantitative Summary (based on 15 articles)

Number of
Key Findings Supporting Percentage
Articles
Improve student focus and attention 11 73%
Improve understanding of academic concepts 8 53%
Increase student motivation and participation 6 40%
Support multisensory learning styles 7 47%
Adaptive to special needs 9 60%

Table 2. Findings per Group of Students with Special Needs

Types of | Number of Stud
S[})Iscial Needs Studies Key Results Exan)llple
Autism 6 studies 1. AR improves visual focus and reduces | Ismail et al.
repetitive behavior. (2020),
2. AR game-based media is effective for | Nuraini et al.
practicing basic social and communication | (2021)
skills.
3. Children with autism demonstrated
increased interaction with the learning
environment.
Mental 5 studies 1. AR helps understand basic concepts | Lestari et al.
Retardation (numbers, shapes, colors). (2019),
2. Visualizing real objects in AR accelerates | Ahmad &
cognitive processes. Sari (2023)
3. Children feel more confident when
learning independently.
Blindness (low | 2 studies 1. The use of descriptive audio-based AR | Prasetya et
vision) significantly assists with navigation and | al. (2020)
spatial orientation.
2. Students demonstrated increased
independence in learning basic science
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Other (mixed) 2 studies 1. ARisused in inclusive classrooms and has | Dewi et al.
proven to be able to address multiple needs | (2021),
simultaneously. Hanif &

2. Teachers find the flexibility of AR content | Wibowo
helpful. (2022)
Autism

AR technology is most widely used for students on the autism spectrum. They tend to be more attracted to
interactive visual content. AR has been shown to increase eye contact, engagement in two-way
communication, and reduce stress during learning. Social scenario-based applications (social stories) in
AR have also shown high effectiveness.

Mentally Disabled

Students with mental disabilities require a concrete and repetitive learning approach. AR can present
realistic and engaging 3D objects repeatedly without boredom. AR is very effective in teaching basic
subjects such as math and science with a fun visual approach.

Blindness / Low Vision

Although the number of studies is limited, audio-based AR technology, or audio-AR, is beginning to be
developed to assist with spatial orientation and spatial understanding. Despite their limited visual acuity,
the integration of sound and vibration (haptic feedback) offers potential for future development.

Inclusive (Mixed) Classes

Several studies have attempted to integrate AR into classrooms with students from diverse special needs
backgrounds. The results have been positive, although content adaptation and intensive teacher training are

required.
7o - -

Autisme Tunagrahita Tunanetra Campuran
Figure 1. Number of studies on the use of Augmented Reality (AR) based on the type of special needs

Discussion

1.

Improved Understanding of Concepts and Material
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Several studies, such as those conducted by Dominguez et al. (2020) and Lin et al. (2016), show that the
use of AR in learning helps students with sensory or cognitive disabilities understand abstract concepts.
For example, deaf students experienced improved understanding of science concepts through 3D visual
displays and interactive animations.

Strengthening Social and Communication Skills

In students with autism, as studied by Radu et al. (2017) and Pratama & Santosa (2020), AR was used as a
training medium for social and communication skills. AR applications that combine facial expressions,
voice intonation, and social context helped students interpret social situations that were previously difficult
to understand.

Support for Literacy and Cognition

In the context of literacy, Alrehaili & Bano (2021) developed an AR application to help dyslexic students
improve their reading skills. AR can enlarge text, provide voice guidance, and add visual elements that
strengthen students' attention and concentration.

Facilitating Environmental Accessibility

According to research by Sanchez et al. (2015), visually impaired students benefit from sound- and
vibration-based AR for orientation and mobility. This application allows them to recognize surrounding
objects and navigate spaces more safely and confidently.

Learning Engagement and Motivation

Almost all studies emphasize that student engagement increases significantly with the use of AR. This is
due to the multisensory approach and gamification elements that make learning more engaging and
enjoyable (Wu et al., 2021; Putri et al., 2022).

Limitations and Challenges

Although the results are promising, several challenges remain. For example, hardware limitations
(smartphones, tablets), technical difficulties in implementation, and a lack of teacher training in using AR
effectively. Furthermore, most studies are still at the small-scale (pilot study) or limited trial stage, so the
generalizability of the results is still limited.

Conclusion
Based on a review of several scientific articles, it can be concluded that the use of Augmented Reality (AR) in
the education of students with special needs has a positive impact on:

1. Understanding abstract concepts through concrete, multisensory visualizations.

2. Improving social skills, especially in students with autism, through interaction simulations.

3. Supporting independent mobility for students with visual impairments.

4. Increasing motivation and engagement in learning through more engaging learning experiences.

However, challenges such as limited access to technology, lack of teacher training, and the lack of specific
policies remain obstacles to the widespread implementation of AR.
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