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Abstract. Augmented Reality (AR) is an emerging technology thriving in recent years.
The implementation of AR in education offers great opportunities to enhance educational
environments achieving better learning outcomes. As students with learning disabilities
struggle with reading comprehension, an AR learning environment provides them support
to better understand texts they actually read. Even though few studies have tried to explore
the impact of AR technology to reading comprehension for students with learning
disabilities in Secondary Education, there is a lack of research grounded in the
incorporation of learning theories and personalization technologies. The goal of this paper
is to present an AR educational environment capable of supporting meaningful learning
outcomes by taking into consideration each student special educational needs and learning
style. The novelty of this study lies in the student-centered and personalized design, which
leads to improved understanding, student interaction and self-learning.
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1. Introduction

One of the main goals of education is to help students develop knowledge, skills and
strategies, in order to become proficient and independent readers who read with
meaning. The activity of reading includes seeing, perceiving, understanding, vocalizing
and mentally constructing through the combined use of eyes, ears and brain [1].
However, students with learning disabilities struggle with reading comprehension
which may be due to not only word recognition skills that are not automatic, but also to
problems with working memory or to the fact that they may have difficulty in applying
metacognitive strategies while reading a text [2].

Reading comprehension intervention can be provided by using a gamified
approach and Augmented Reality (AR). Augmented Reality is a rapidly emerging
technology that supplements the real world with virtual objects that appear to coexist in
the same space as the real world [3]. AR books link text, image, sound and movement
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as AR application on the mobile phone tracks images in the printed book and overlays
virtual content onto them [4]. AR provides a multisensory learning environment with
active students’ involvement during the reading session [5]. Studies indicate that
multisensory approach is the most effective teaching method for students with learning
disabilities as it incorporates several learning pathways in the brain at the same time so
that opportunities for memory and learning are increased [6].

The purpose of this paper is to investigate the exploitation of augmented reality in
order to help students with learning disabilities to better understand texts in a
meaningful student-centered learning environment.

2. Literature Review

According to the literature review, Augmented Reality is mainly applied in the field of
Science [7, 8]. This may be related to the fact that AR learning environments facilitate
comprehension of science concepts with the help of 3D models, improving students’
laboratory skills [9, 10]. In the field of Social Sciences and Humanities, AR is mainly
used in second language learning [11].

Although many studies have been conducted on AR use in education, only few of
them are related to special education [12]. However, there is a growing interest in
designing AR learning environments to support students with special educational needs.
Researchers studied its affordance in skill acquisition of individuals with intellectual
disabilities [13], autism spectrum disorder (ASD) [14], learning disabilities [7], hearing
[15] and visual impairments [16]. It is remarkable that studies have shown that AR
enables students with special educational needs to gain independent life skills, reduce
behavioral problems and increase their level of academic achievements, enthusiasm
and readiness by bringing them in real-life experiences [17].

In view of the above, the design and development of an AR system incorporating
learning theories and personalization techniques targeting to enhancement of students’
with learning disabilities reading comprehension skills is crucial. Student-centered and
personalized design is expected to promote student interaction and self-learning and
achieve better learning outcomes.

3. Research Methology

AR application is mainly focused on STEM education, while there are only few studies
in Social Sciences and Humanities. Furthermore, research in AR targeting in reading
comprehension for students with learning disabilities in Secondary Education is limited,
while there is a lack of research grounded in learning theories, which could provide
evidence how AR learning environments should be designed in order to improve
learning outcomes. Additionally, AR systems designed are not personalized and not
adapted in special educational needs of each particular student. Hence, within this
context the research questions addressed by this study are the following:

RQ1: Does AR technology leads students with learning disabilities to the enhancement
of their reading comprehension?

AR technology offers great opportunities to enrich learning procedure. Students who
use AR material have a better performance in reading comprehension and learning
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permanency compared to students who read with traditional methods [18]. Therefore, it
would be quite interesting to investigate the effect of an AR environment on students
with learning disabilities in Secondary Education.

RQ2: How could the pedagogical affordance of an AR system in special education be
enhanced?

Many studies have been conducted in order to explore the impact of AR in education.
However, only few of them implemented pedagogical theories. To optimize learning
outcomes the incorporation of learning theories is needed in order to design a
meaningful educational AR environment [19, 20].

RQ3: How could a student-centered AR learning environment be provided in special
education?

A student-centered learning environment is focused on students’ interests, abilities and
learning styles [21, 22]. It is quite challenging to design a student-centered framework
by using artificial intelligence techniques, in order to adjust the AR system to specific
needs of students in special education. In that way, personalized learning is provided,
satisfying the demand for inclusion and enabling students with special educational
needs to take over an active role in learning process.

In view of the above, this paper proposes the design and development of an AR
system with the aforementioned features, namely the incorporation of learning theories
and personalization techniques, for supporting students with learning disabilities in
reading comprehension.

In order to examine whether the use of AR may have a positive impact on this field,
quasi-experimental design and a mixed method, combining the collection of both
qualitative and quantitative data, will be used for evaluating the developed AR system.
Qualitative data will be collected by interviews, while quantitative data will be
collected by Likert-scale questionnaire. The sample will be composed of students with
learning disabilities in Secondary Education. The experimental group will participate in
reading activities of textbooks using AR application, while traditional methods will be
used for control group.

Fig. 1 illustrates the steps of the research methology of this study.
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Figure 1. Research design of the study
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4. The AR-PeRCoSE Framework : Augmented Reality and Pedagogy in Reading
Comprehension in Special Education

This study introduces a novel framework, called AR-PeRCoSE, which uses AR
technology in conjunction with pedagogical theories and Al techniques for promoting
reading comprehension in Special Education. To this direction, school books will be
used and enriched with AR content by providing real-time visual and audio feedback.
Personalized AR content, consisted of image, audio, video and text, will be prepared, in
order to allow multiple entry point to process learning and demonstrate understanding
for each particular student. AR technology will be based on markers and a tablet will
scan book pages and detect markers via an AR application. Markers and multimedia
objects will be designed and saved in system’s database in the cloud, so as to enable
tablet’s camera tracking. AR content will be designed taking into consideration
domain model, pedagogical model by integrating learning and special education
theories, student model, Augmented Reality (AR) and Artificial Intelligence (Al)
techniques. As tablet’s camera tracks the markers, the display will show supplemental
material from which every student can choose what to use according to its needs and
learning style. Interactivity between students and the device is expected to stimulate
their interest and encourage them to study efficiently texts at their own pace.
Fig. 2 presents the proposed AR-PeRCoSE framework.
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Figure 2. Augmented Reality and Pedagogy in Special Education Framework

5. Conclusion and Future Work

This paper introduces a novel framework which uses AR technology incorporating
pedagogical theories and personalization techniques in order to enhance students’ with
learning disabilities reading comprehension skills. The main aim of this framework is
to foster personalized student-centered learning environment and achieve better
learning outcomes.
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In addition, future studies need to use this framework so as to compare its
feasibility to diverse groups of special educational needs, examine its usability and
affordance to each particular group and detect potential gaps for its improvement.
Furthermore, AR use could be further expanded for other skills acquisition for students
in Special Education.
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