Education and Information Technologies (2019) 24:1631-1659
https://doi.org/10.1007/510639-018-9848-6

@ CrossMark

The effectiveness of augmented reality environments
on individuals with special education needs

Recep Cakir ' - Ozgen Korkmaz?

Received: 28 July 2018 /Accepted: 6 December 2018 /Published online: 15 December 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

The purpose of this study is determined as the design, development and effectiveness of
the Augmented Reality (AR) environments aimed at providing individuals with special
education needs. The developed AR teaching materials are thought to be useful in terms
of allowing children with special education needs to meet their basic needs with their
own efforts without being dependent on others. The design-based research design was
used to conduct this study. Four teachers and 6 students constituted the group of the
study. Design Observation Forms, Student Attention Observation Form and Criterion-
Referenced Assessment Tools were used to collect data. According to the results, AR
teaching material is appropriate and helpful in terms of contributing to the development
of children with special education needs by bringing them real-life experiences.
Moreover, it was observed that students were more eager and enthusiastic about the
lesson during the course of application. Indeed, their level of readiness to the lesson
increased, their interest in the subjects increased, and they were relatively more active
and more likely to respond correctly to questions. In the light of results, the use of this
developed AR environment in terms of the development of children with special
education needs can be suggested.
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1 Introduction

According to the I*t and 11" Stage Education Program of the Special Education
Application Center (School), the need for special education is a developmental
disorder that shows limitations in social and communication skills such as initiating
and sustaining interaction and is included within the pervasive developmental disorder
(PDD) diagnosis group (Orgm 2013). In this program, it is emphasized that children
with special education needs exhibit behaviors that differ according to each child such
as persistence against the routine, repetitive interests and behaviors in developing age-
appropriate peer relationships and in the functional use of the language for communi-
cation purposes. Therefore, it is necessary to organize the education and training
process by taking into account these characteristics of children with special education
needs. It is emphasized that it can be possible to enable children with special education
needs to gain independent life skills, to reduce their behavioral problems and to acquire
the skills they need by the provision of a structured and enriched learning environment
in which appropriate education programs are applied from an early age (Orgm 2013).
This is also highlighted in international studies. Such studies underlined that children
with leaming disabilities due to a wide variety of cognitive and physical disorders need
more extra assistances in their learning processes (Adam and Tatnal 2017; Adam et al.
2006; Teoh et al. 2008).

The mathematics, reading and writing, physical education, visual arts, music, culture
of religion and knowledge of ethics, social studies, language and speech development,
nutrition education, social adaptation skills and traffic and first aid education courses
have been included in the Special Education Application Center’s program. While
determining these courses, the characteristics of the development areas of children with
special education needs are taken into consideration (Orgm 2013). Class and age
grouping have not been applied to the objectives and behaviors in the program due
to the mental, social, and physical characteristics and individual differences of children
with special education needs. Meeting the needs of children who have been diagnosed
with special education needs, developing their skills, the functional use of communi-
cation skills, have been taken as a basis for selecting the subjects in courses and
organizing the objectives. The necessity of preparing an individualized education
program is emphasized by considering the individual characteristics of the student
within the objectives/behaviors to be included in the teaching phase of the program. In
the program, it is emphasized that the Individualized Education Program (IEP) is a
program that envisages the highest level of utilization of appropriate education envi-
ronments and support services to meet the development of the individual with special
education needs or the educational needs in the disciplines required by the program
applied to that individual. Teaching activities for children who need special education
can be planned based on the key point that the performance of these children is very
different from each other due to their individual differences (Bolte et al. 2010; Browder
et al. 2008). Browder et al. (2008), as a result of their meta-analysis, makes recom-
mendations for more effective methods and practices in the education of disabled
people with special education needs. In this context, many different teaching methods
are suggested in the curriculum (Orgm 2013). While some of these methods can be
used greatly in learning environments, some of them are rarely used because of the lack
of infrastructure, teaching materials or experience. In particular, the modeling method
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by video recording, computer-assisted teaching, and multi-sensory based teaching
method can be considered in this context (Ayres et al. 2009; Dogan 2015;
Yalginkaya 2012)

The process in which students with special education needs produce a behavioral
change by creating their own experiences with a constructive approach is a very
difficult process (Yalginkaya 2012). In particular, it cannot be expected from these
students to create these experiences through trial and error in the natural environment
(Eligin 2015). Therefore, controlled environments to ensure children with special
education needs gain experiences come to the forefront (Ozgii¢ 2015). In this context,
augmented reality practices are thought to provide an extraordinary contribution to
special education.

In this study, the developed AR teaching materials offer the opportunity to act in an
unreal space where the three-dimensional model created in the computer environment
exists and significantly supports the comprehension and perception abilities. When it is
viewed from this aspect, the developed materials are thought to be useful in terms of
allowing children with special education needs to meet their basic needs with their own
efforts without being dependent on others within equal opportunities and being useful
to their family and the society. Accordingly, the purpose of this study was determined
as the Bdesign, development and effectiveness of the AR environments aimed at
providing individuals with special education needs with concrete experiences”. In this
context, answers were sought for the following questions:

1.1 Sub-problems

1. Is the prepared augmented reality teaching material appropriate to meet the real-life
experience requirements of children with special education needs?

2. How does the prepared augmented reality teaching material contribute to the
attention times of children with special education needs?

3. How does the prepared augmented reality teaching material contribute to the
academic development of children with special education needs?

1.2 Literature review

In the studies carried out, it has been emphasized that interactive technologies such as
multimedia technologies and 3D virtual technologies affect learning outcomes (Choi
and Baek 2011; Dalgamo and Lee 2010; Yalginkaya 2012). In the study for example,
Yalcinkaya (2012) entitled as the development of social skills education in the com-
puter environment with the web-based distance education system in children with mild
mental disabilities, children with mental disabilities participating in different activities
such as drawing on a drawing tablet, shooting short videos within the framework of
planned, technology-enriched extra-curricular activities. The research results have
shown that extracurricular activities enriched by technology have positively affected
the cognitive and physical development of students. In his study on the effects of
technology-supported extracurricular activities on students with mental disabilities,
Dogan (2015) also concluded that extracurricular activities enriched by technology
have positive effects on the cognitive and physical development of students.
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Achmadi et al. (2012) performed an application for the use of speech production tool
on the iPod device in children with ASD, and these applications were found to
contribute to the development of children. In their study on the effectiveness of
computer-assisted programs on the communication skills of children with ASD,
Hetzroni and Tannous (2004) found that computer-assisted program has positive effects
on improving communication skills of all subjects. Ayres et al. (2009) carried out a
study in which the acquisition and generalization levels of chained skills along with the
computer-assisted video teaching in children with ASD were examined. As a result of
this study, it was observed that the students gained the skills in questions at the
acquisition and generalization level by the computer-assisted video teaching method.
As aresult of the study of Cihak et al. (2010) including the least hint system, the use of
video model with iPod Video to improve the transition skills of students with ASD who
continued the general education class, they were found to act more independently in
transitions. In a study carried out by Doenyas et al. (2014), it was aimed to provide
students with ASD with ordering skills with a picture by the web-based iPad applica-
tion, and this application was concluded to contribute to students. In a study carried out
by Escobedo et al. (2012), an auxiliary tool in real life conditions was developed to
support the social skills of children with ASD. As a result of this study, it was
concluded that this tool facilitated the learning and application of social skills
and strengthened social interaction qualitatively and quantitatively. In the study
on the effectiveness of touchpad applications to improve the social skills of
children with ASD, Hourcade et al. (2012) emphasized that tablet programs are
effective for improving the social skills of ASD students. In summary, the use
of technology-supported materials in education by visualizing the topics helps
children with special education needs understand the real world situations and
problems, and it is emphasized that such applications should be carried out on a regular
basis (Dogan 2015). When the literature is examined in this sense, it is noteworthy that
augmented reality technology emerged as noteworthy new technologies in the
education process.

Augmented Reality (AR) is the reflection of a shape or any object viewed through
computers or smartphones as an augmented reality by converting it into information,
content, survey or visuals such as photograph and pictures on the screen to the user.
When the literature is examined, AR is defined as receiving the image simultaneously
as a result of connecting to specific points of the image with special software while the
materials of real objects created on the computer are displayed on the camera
(Dunleavy et al. 2009; Ivanova and Ivanov 2011; Kirner et al. 2012). In other words,
AR is the fact that an object or shape displayed over computers or mobile devices are
converted into visuals and that shape is displayed as if it were real on the screen to the
user. In other words, this system allows you to see through the screen of the device in
the palm of your hand that there is a moment or an event that is not in real life. AR
enables the digital display of printed materials or objects. When that object or material
is analyzed with the help of cameras in computers, mobile devices or tablets,
the previously integrated digital or electronic contents are visible. Thus, it
seems inevitable for printed materials to take place both on smartphones and
tablet computers through the AR applications (Liu et al. 2010). With this
system, it is also possible to add a phone number, picture, video, 3D model which can
link to any web site as a digital content. The AR technology that has recently started to
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be used at developed universities around the world especially enriches the education and
training environments and makes learning more amusing and permanent (Bacca et al.
2014; Radu 2014).

The AR technology is seen as a technology capable of designing real-life, near-real-
time educational materials with three-dimensional and visual richness. AR has recently
attracted attention as a technology that adds virtual objects created through computers
onto the real world, enabling them to drop virtual materials on them and allowing these
objects to appear in the same space as the real world (Wu et al. 2013; Ibanez et al. 2014;
Cai et al. 2014). Another feature of the AR environments is that it is a technology that
can coexist with the virtual reality and real world elements in the same environment by
adding images, data and other contents to the real world (Solak and Cakir 2016).
According to another expression, co-displaying at the same time process can be
performed by adding predefined or designed virtual materials on the image of the real
world by this technology. AR is also seen as an extension of the virtual reality.
However, the virtual reality replaces the simulation of the real world and the existing
reality, and this technology can be thought to be a bridge between reality and the virtual
world (Cai et al. 2014; Lee et al. 2010; Solak and Cakir 2016). According to Azuma
et al. (2001), the fact that the AR systems run through the combination of real and
virtual objects in a real environment and virtual objects appear as real-time and
interacting with each other is seen as an important feature.

The AR applications reflect the images with the logic that the data received from the
real-world via the imaging device (camera or sensors, etc.) are passed through a
process, and its image is transferred to the real environment. The processes of moni-
toring, sensing, imaging and interacting should be performed to be able to create reality
in the AR applications (Kiiglik 2015). Software such as AR Toolkit, Studier Stube,
Metaio, Layar, Aurasma, Vuforia enabling the realization of these processes has been
developed (Krevelen and Poelman 2010). The visual pointer codes or physical objects
to be detected by the AR system are used with this software. AR software allows the
display of the augmented virtual content with the data it receives from the pointer on
this defined pointer. Thus, the image in the book or written material is reflected on the
screen as augmented reality due to the systems embedded in the contents prepared in
book forms.

The AR applications are usually performed in high technology centers and univer-
sities and it seems that its adaptations have just started in the field of education.
However, the spread of portable devices and computers with high technical specifica-
tions in which the AR applications can be implemented in recent years has accelerated
studies in this field (Wu et al. 2013). The spread of smartphones and AR scanners,
especially since 2007, has made this technology, which has attracted the attention of
researchers, attractive in many fields (Krevelen and Poelman 2010). The development
studies on the use of the AR technology in various fields, such as mobile communi-
cation, broadcasting, and advertising have been ongoing in recent years (Krevelen and
Poelman 2010). It is stated in the literature that the AR technology provides students
with benefits in many ways and also enables them to achieve significant gains when it
is used in the education process (Bacca et al. 2014; Radu 2014). The AR applications
are very effective in the education process in terms of facilitating meaningful leaming
and transfer. Such applications concretize the subject by visualizing the invisible
structures or the structures with analogies created by simulation applications as three
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dimensional and make complex issues more understandable (Wu et al. 2013). In
addition, the provision of the interaction with the 3D view of the object from different
angles improves the skills and abilities of students and enables them to gain practical
application skills (Cheng and ve Tsai 2012; Hsiao and Rashvand 2011; Kerawalla et al.
2006). However, the AR technology provides instant feedback with its own real-time
interaction and allows students to control their leaming process (Bujak et al. 2013;
Kiiciik 2015; Yuen et al. 2011).

It is seen that the AR applications provide different possibilities to ensure that
students have access to the content and increase their effectiveness during the
courses. Liu et al. (2010) suggest that all phone manufacturers will only produce
smartphones in the near future, and this also means that it is at their fingertips that
students have access to the AR content. It seems inevitable that the AR applications
will take place both in smartphones and on tablet computers in the near future. The use
of visual objects as 3D in the AR applications increases students’ participation and
motivates them by attracting them. In addition, it gives different perspectives on the
subjects (Kerawalla et al. 2006).

The benefits of the AR applications in limited studies on teaching and learning
practices can be summarized as follows;

1. It helps to teach experiments in the fields of astronomy, geography, chemistry,
physics, etc. that are difficult to do in the real world, and the subjects that are
complex to explain and costly (Shelton and Hedley 2002; Cai et al. 2014).

2. AR improves co-operation between student-teacher and student-student by en-
abling collaborative tasks (Wu et al. 2013)

3. It helps the development of student’s creativity and imagination (Yuen et al. 2011;
Klopfer and Yoon 2004)

4. AR can be applied for learning, entertainment or educational games by increasing
the students’ interaction with the real world (Cai et al. 2014; Ternier et al. 2012)

5. Students can receive customized education according to their own pace in the AR
applications in which virtual trainer is used (Hamilton and Olenewa 2010; Makina
and Salam 2011)

6. It has been found to be effective in teaching concrete concepts (Dori and Belcher
2005) and in the development of critical thinking and problem-solving skills of
students (Dunleavy et al. 2009)

7. Tt is effective in increasing students’ interest and motivation towards the course
(Ibafiez et al. 2014; Di Serio et al. 2013; Solak and Cakir 2015)

In recent years, it has been noteworthy that technological developments such as AR
have been actively used in the fields of education and training (Dalgarno and Lee 2010;
Mikropoulos and Natsis 2011; Di Serio et al. 2013; Chen et al. 2016). While the
original studies of the AR technology date back to the 1950s (Caudell and ve Mizell
1992), the expression of Augmented Reality was firstly used by Tom Caudell (Siltanen
2012). Milgram and Kishino (1994) proposed a mixed AR technology model that
combines reality and virtuality. This model constituted the main principles of the AR
technology in the development process (Cheng and ve Tsai 2012). In the study carried
out by Azuma et al. (2001), it was stated that real and virtual objects are combined in a
real environment, and attention was paid to the studies carried out on this issue with the
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emphasis on providing interactive and virtual environments interacting with each other
in real time. Di Serio et al. (2013) emphasize that very few studies have been carried
out to prove these allegations although researchers see AR as a technology with great
effects on the cognitive and affective leaming of students. There are also researchers
who try to apply the AR applications in elementary school and even pre-school
education. The results of the study carried out by Silva et al. (2013) for the development
of the reading-writing skills of first-grade primary school students with the AR
technology showed that the materials developed with the AR technology increased
the educational performance of students. Moreover, according to the results of the
study, it was also noticed that teachers’ efforts to use these materials were high.
Shumaker (2013) used pre-school students as a means to improve learning processes
and augmented reality content and analyzed their applicability. As a result of the study,
it was found out that the AR environments make a significantly greater contribution to
the development of students.

Some studies have started to be carried out, although they are limited, to prepare an
environment for augmented reality in the recent times in Turkey, its importance and
usage areas have recently started to be noticed. For instance, Tiilii and ve Yilmaz
(2012) developed an iPad application using the computer programming language (lens
C), Unity 3D gaming application and the data matrix system. In the application, when
you look at a target image specified by the developed application, an object that is not
actually there seems as if it is on the application screen. When the target is rotated
around the image or when the target is approached and moved away, it gives a feeling
of approaching and moving away from a real object. In another study conducted by
Erdogan (2010), it was aimed to develop software to analyze the anatomical model
desired by the user in real time in a 3D environment and to interact with it. In addition
to the stated purpose of the software to be developed, it was aimed to simulate reactions
under different load states in a 3D virtual environment in real time depending on the
material properties of the models and to prepare the necessary hardware infrastructure.
Consequently, the studies carried out with the AR technology have usually been
technical, have been limited to software development studies, its adaptation to the field
of education is not much seen. From among the limited studies, in the study carried out
by Abdiisselam and Karal (2012), it was observed that students had shorter attention
times and their interest is disrupted in traditional classroom and laboratory environ-
ments, however, students’ attention times were increased due to the fact that the device
used in the AR environment was integrated with technology, concretized the abstract
concepts that were tried to be given to students and facilitated the comprehension. In
the study carried out for university students, Cakir et al. (2015) concluded that the
materials developed with the AR technology increased students’ motivation for leam-
ing English. Kiigiik (2015) conducted a dissertation entitled as the effect of learning
anatomy with mobile augmented reality (MAR) on the academic success and cognitive
burdens of medical students, and students’ opinions for practice. According to
the study results, it was found out that the students in the experimental group
in which the MAR applications were used were more successful and had lower cognitive
loads compared to the students in the control group, and students’ opinions on leaming
with MAR were positive.

In this context, in national and international studies, it has been seen that the AR
technology has recently begun to be used in education-training processes and has had
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positive effects on the performance of the students. In Turkey, it is obvious that
increasing the number of these studies is important in terms of education and training
processes. Consequently, based on the studies shared above, it is possible to conclude
that AR contributes to students’ academic success, attitudes and their attention times
and that students positively react to such practices.

It can be said that children with special education needs are in need of real-life
experiences to be able to correct their problematic behaviors and make them gain vital
basic skills, therefore, activities to meet these real-life experiences and requirements are
particularly emphasized in the curriculum. The studies carried out show that the
effectiveness and efficiency of learning are directly proportionate to the resem-
blance of the content with real life (Di Serio et al. 2013; Cai et al. 2014). In
other words, the effectiveness and efficiency of education increase as the
resemblance and relationship of the content with real life increase. In this context, it is
thought that augmented reality environments can meet these real life experiences that
students need more easily and safely.

2 Method

2.1 Research design

In this study, the design-based research design was used. This method enables to obtain
objective and in-depth information by using both quantitative and qualitative
data together (Creswell and Clark 2007). The design-based study is the forma-
tive investigation of educational designs based on the theoretical basis (Collins
et al. 2004) and is a research method emerging as a result of the need to move
the interaction of design, theory, practice triple to a higher point (Kuzu and
Cankaya 2011).

The steps of the design-based study may vary depending on the context. However,
the path generally followed in this study is as follows: firstly, the AR environments for
the topics which were included in the study by the researchers were designed and the
first version of the design was developed. This developed version was applied with six
students in the selected pilot school. How the design worked in practice was observed
by researchers and practice teachers (two special education teachers), and the reactions
of the students were measured. During the 8 weeks of the application, these observa-
tions were reviewed weekly, and the design was regularly examined by the researchers
in accordance with the experience gained from the specified application, and the
corrections were made. This cycle was carried out twice within the scope of this study
for 8 weeks, and the errors of the design were corrected. The application steps adopted
in this study are presented in Fig. 1.

According to Collins et al. (2004), there are several viewpoints that can be used to
assess the success of the design. The environment is examined according to these
viewpoints while analyzing the application of the design. These viewpoints can be
summarized as cognitive level, interpersonal level, group or class level, resource level,
and institution or school level. The cognitive level and interpersonal level were taken as
a basis as the study was performed with children with special education needs and as
experience-oriented within the scope of this study. At the cognitive level, the answer
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| Defining of the problem |
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' 1
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!

[ Writing lhe: 1esearch report I

Fig. 1 Application steps of the design-based study (Kuzu and Cankaya 2011)

was sought to the question of Bwhat are the levels of comprehension and attention of
the learners before the application, and how do their comprehension and attention vary

during the application process?”. The criterion-referenced assessment tools were

used to reach this information. At the interpersonal level, what the reactions of
the students to the teaching material designed in the group were, was investigated. For

this purpose, the observation reports of both the application teachers and the class

teachers were used.

2.2 Study group

Four teachers (to ask their opinions on the appropriateness of the designed AR material)
and 6 students studying in the Special Education Application Center operating in
Amasya city center constituted the study group of the study. This center a private
institution serving under the supervision of the provincial directorate of national
education. Institution has 40 students who have learning disabilities and need special
education. It has also 8 special education teachers with more than 5-year experience in
teaching learning disabilities. Teachers have special trainings and adequate experience
in this field. In line with the opinions and approvals of these teachers, 6 students were
selected for this application.
The individual characteristics of the students are as following:

SC: with Cerebral Palsy (CP) (partial paralysis of the brain): He has physical and
hearing disabilities. He has a problem while talking. He has a moderate mental
retardation. SC needs verbal help due to the language-speech inadequacy.

SK: with Cerebral Palsy (CP) (partial paralysis of the brain): There is a problem in
seeing and hearing. He has a moderate mental retardation.

YG: Autistic moderately mentally retarded. He has behavioral problems.

AK: The growth retardation, moderately mentally retarded. No physical problem.
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AA: There is a moderate mental deficiency with Down’s syndrome. AA needs
verbal help due to the language-speech inadequacy.

AH: There is a moderate mental deficiency with Down’s syndrome. There is a
physical growth retardation.

2.3 Teaching materials

During the study, the sample AR studies were carried out to determine the standards
and potential risks of the augmented reality environments designed. In this context, the
issues of the parts of the house, day and night, animals, occupations, seasons,
the parts of the school, numbers, forms, traffic rules and relations between
entities were discussed, and the sample augmented reality environments were
prepared for these issues.

Cinema 4D, Unity 3D, Ar Media and Vuforia programs were used while
creating the samples. The designs were created with Cinema 4D, and anima-
tions were prepared with Unity 3D. The prepared animations were made ready
to use with Vuforia. In the sample AR material, a common input animation was
initially prepared for the animations. Other animations can be accessed via this
entry animation. The entry animation was composed of a falling house, bank
and car, a garden surrounded by fences and a tree that can change according to
weather events. Scenarios were first created while starting the animations, then,
the objects needed to perform the scenario were designed. In this regard, the trial version
of the AR environment to be used in the project was designed. The following
examples can be given for the augmented reality environments that were
included in the trial version:

1. Day and Night: Asitis seen in Fig. 2a, b, the weather is dark when the animation
first starts. But it is about to be morning. In order to create this feeling, the sun will
start moving slowly behind the mountains. Shadows moving with the sun are
visible. As the evening begins, the sun sets and then the moon appears.

2. Snow and Autumn: As it is seen in Fig. 3a, b, the floor is not green but white as
there is an animation expressing snowfall. It will begin to snow in the environment.
There will be snow accumulations on the ceiling of the house, on floors, trees, and
banks. It is expressed that the snowy weather is cold by the fact that smoke is
coming out of the chimney of the house. The meadows and tree leaves will begin

Daytime View Night View
Fig. 2 a Daytime view. b Night view
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to turn yellow as proceeding to autumn. There will be the wind in the environment,
and the leaves of the tree fall with this wind.

3. Important Vehicles: As it is seen in Fig. 4, each important vehicle passes through
the road in the entry animation created, and they play their own siren voices while
passing. The lights that indicate the vehicle are also on.

A pre-designed marker suitable for the use and objective was determined in the
augmented reality environment used in this study. This marker was designed for the
camera to recognize it and work on animations. The objects prepared in Cinema 4D
were converted into animations in Unity 3D program and prepared by taking a printout
by Vuforia, AR program. The prepared media can work on both Android and 10S
based devices.

2.4 Data collection tools

2.4.1 Design observation forms

The prepared augmented reality environments were introduced to the classroom
teachers of the students constituting the study group, and model applications were
performed. In addition, during the applications, the class teachers as well as the
application teachers were in the application class and observed the designed AR
environments. Interviews were held with these teachers by the researchers to determine
teachers’ observations.

2.4.2 Student attention observation form

In each application, students were observed every 30 s during the 10-min application
process both before and after applying the AR materials, and whether they were
interested in the teaching material at that time or something else which was out of
the course was observed. These observations were also recorded on the attention
observation form as + if they were interested in the teaching material and as - if they
were not interested. Thus, an attempt to determine students’ attention levels was made.

The form in Table 1 was filled in separately for the traditional teaching practice and
then for the AR application every week for each student, and attention to the teaching
material ratios were calculated.

Snowfall Autumn

Fig. 3 a Snowfall. b Autumn
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Fig. 4 Important vehicles

2.4.3 Criterion-referenced assessment tools

According to the program (Orgm 2013), the individual’s level of being engaged in
educational functions is defined as the description of what an individual can do, which
is prepared based on detailed or rough assessment results. While it is stated that the
description of the level of performance is extremely important for the development to
be seen in the program, the fact that these descriptors ensure that evaluation results are
clear and understandable and also that the certain needs of the individual are identified
and prioritized are stated as the reasons for this.

In this context, two different evaluation processes as rough and detailed evaluation
are proposed according to the curriculum (Orgm 2013). In the rough evaluation,
whether or not the student shows the behaviors that underlie each objective is observed.
The evaluation is made by marking as B+ if the behavior is shown, and as B- Bif it is
not shown. In the detailed evaluation, the purpose in the multiple opportunity method is
to determine whether the child can independently perform the each step of the skill or
by which clue he/she performs it. The steps performed independently by the child are
recorded as BindependentB in front of the relevant step in the criterion-referenced
assessment tool. If the child cannot perform a skill step independently or performs it
incorrectly, he/she is stopped and given a verbal clue about that skill level. If the child
performs the skill step when he/she is given the verbal clue, it is recorded as Bverbal
clueB in front of the relevant step in the criterion-referenced assessment tool. Even if the
child cannot perform the skill step when verbal clues are given, the teacher performs
that skill step by explaining with the materials in front of him/her and asks the child to
do it. If the child performs the skill step when the teacher shows the skill step by
explaining, it is recorded as Bbeing a modelB in front of the relevant step in the
criterion-referenced assessment tool. If the child cannot perform the skill step when
the teacher is a model, it is recorded as Bphysical help” in front of the relevant step in
the criterion-referenced assessment tool.

Within the scope of the study, the BCriterion-Referenced Assessment Tool” was
developed separately for each objective, and the assessment tools were ensured to be

Table 1 Student attention observation form (sec)

1. 30 2.30 3.30 4.30 5.30 6.30 7.30 8.30 9.30 10.30

11.30 12.30 13.30 14.30 15.30 16.30 17.30 18.30 19.30 20.30
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filled by making observations by two separate teachers for each student. In the
assessment tool, the skill levels expressed by Success (S), Verbal Clue (VC), Being a
Model (BM) and Physical help (PH) were scored as 4, 3, 2 and 1, respectively, the point
value given for each behavior was determined. Each objective was scored by taking the
sum of behavior points. The discussion of incompatible assessments was provided by
teachers, and the re-assessment process was performed with two teachers in case of the
lack of consensus. Thus, an attempt to ensure that the assessment process would be
valid and reliable was made.

All the scales used in the study process are observation-based measurement tools.
Therefore, observations were conducted separately by two practice teachers to ensure
the validity and reliability of these measurement processes. Video recordings were also
taken during the practices based on the permits taken from school administrators and
students’ parents. Each observation was discussed and an attempt to reach a consensus
was made by resorting to video recordings in cases where there were differences by
comparing the observation results obtained.

2.5 Implementation

The teaching application performed using augmented reality materials lasted for
8 weeks. The detailed lesson plans were made separately for each week. All of the
applications are in the form of individual application with the group. In other words, the
basic information about the topic was given by the practice teacher at the beginning and
the AR teaching material was brought to the classroom by being projected on the screen
through projection. Then, each student was provided with a tablet, and students were
ensured to monitor and interact with the present subject-specific AR application
individually. Every week, the application was performed for two course hours
(90 min). In all groups, the applications were performed by two practice teachers
who are experts in special education at the application workshop. Both teachers were
in the same classroom for all applications, one of them was making the observation
while the other one was performing the application. These teachers are the teachers who
also gave lessons apart from experimental applications, are recognized by students and
the presence of which in the classroom is seen normal.

The applications were also recorded during this interaction by making observations.
The criterion-referenced assessment tool prepared for each subject was evaluated using
before and after teaching. The verbal support was provided in answering the questions
asked to AA and SC who had language and speech problems. The students who did not
participate in weekly application lessons during the application process were excluded
from the assessment made in that week. In this context, the activities performed during the
first three weeks can be summarized as following in terms of setting an example (Table 2):

In the other weeks, the subjects of the season of winter, sound education, the season
of spring, the season of summer and the parts of the school were addressed in
a similar way.

2.6 Data analysis

In this qualitative based study, the collected qualitative data were analyzed by the
document review method. The participation times of the students were observed by
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filling in the form in Table 1 separately for the traditional teaching practice and then for
the AR application every week for each student. Then, attention to the teaching material
ratios were calculated and compared.

3 Findings

3.1 Teachers’ opinions about the appropriateness of the augmented reality
environments to meet the real-life experience requirements of children with special
education needs

The opinions of the classroom teachers of the students, who followed the applications
and constituted the study group, were taken on whether the developed AR teaching
environments were appropriate for children with special education needs and in terms
of bringing them real-life experiences. In this context, teachers’ opinions can be
summarized as following:

Teacher Al (AK'’s Teacher): The fact that our student named AK was eager to
participate in lessons in which the project was applied attracted our attention.
During the days of the application, the student frequently asked when he would
come to the course and when he would use the tablets in the application. After the
application time was over, AK happily came to the classroom and excitedly told
what they did in the application and the subjects they leamed. The statement of
classroom teacher Al Bthe fact that AK’s level of readiness for the course was quite
high when we started to teach the season of spring compared to his situation at the
beginning of the application, and that AK was better than the other students in
terms of the permanence level of the subject among the students after teaching the
subject attracted our attention” is considered to be extremely important.

Teacher YB (YG and AH’s Teacher): It is remarkable that two of our students
eagerly participated in the application courses. In particular, the fact that YG with
distractibility told excitedly and long-term what were done after the application,
and that he answered my questions related to the course taught reveal the effect of
the application on the student. AH started to tell what he did in the project
application as soon as he entered the classroom without being asked by us. It is
observed that the transfer of subjects into the class environment increased student’s
interest in the subject, and the fact that they led the course using their own tablets
was more effective compared to the traditional lecture that we apply in the
classroom.

Teacher BB (AA’s Teacher): AA was a student who was introvert due to the lack
of language and speech insufficiency, had a problem of self-confidence, and thus
had difficulties in participating in activities. However, the fact that he was eager to
participate in project application courses and went out of the classroom to go to the
application class to participate without any objection surprised me as his teacher.
This structure of our student causes us to have difficulties in the study of making a
sound during the courses. However, the fact that my student gave reaction to us in
giving some subjects and did not any difficulty in making a sound after these
project applications has attracted our attention. When we talked to practice
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teachers, it was found out that we taught the same subjects and therefore our
students’ reaction level increased.

Teacher AK (SC and SK’s Teacher): My two students participated in the
application lessons eagerly and without any objection. It is remarkable that
students who returned to the classroom after application, especially SK were eager
to tell something about the course taught during the application. It takes some time
for them to get rid of the effect of the project application after returning from the
application. SK continued to talk about the applications during lectures, and
revealed the effect of the applications by saying Byes, we have learned it in the
other class”. While the lights and traffic rules in traffic class were taught in the
classroom, SK was relatively more active than non-participating students and had a
higher level of answering the questions correctly. While the students who did not
participate in the application, among the students who were assessed after the
subject of Seasons was taught, showed two of four seasons correctly, the students
who participated in the application showed all of them correctly. In particular, the
fact that SC was successful in the questions asked about the seasons and the
characteristics of seasons reveals the success and permanence of these
applications.

When the above opinions are examined, it is seen that teachers usually mentioned the
following themes about students for the AR applications:

* They are very eager and enthusiastic to participate in courses where AR is applied.

* He reveals his impatience by frequently asking when to go to class, when to use the
tablets.

* They happily return to the traditional class after the application.

e It was observed that the level of readiness to the course was considerably higher
than that at the beginning of the course.

» The student was better than the other students in terms of the permanence level of
the subject.

* The transfer of subjects into the class environment by concretizing increases
student’s interest in the subject.

*  The fact that they lead the course using their own tablets seems to be more effective.

» It is remarkable that the student gave a reaction in some subjects and did not have
any difficulty in making a sound after these applications despite the problem of self-
confidence.

» The student continued to talk about the applications during lectures and revealed the
effect of the applications by saying Byes, we have learned it in the other class”.

* The student was relatively more active than non-participating students and had a
higher level of answering the questions correctly.

Based on these opinions, it can be said that the designed AR teaching material makes
positive contributions to students’ levels of willingness, enthusiasm, motivation, self-
confidence, academic achievements, persistence and readiness levels, and that the
developed AR teaching material is appropriate and sufficient in terms of contributing
to the development of children with special education needs by bringing them real-life
experiences.
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3.2 The contribution of the augmented reality teaching material to the attention
times of the children with special education needs

The contributions of the AR teaching material to the students’ attention times for the
course and teaching material by weeks are presented in Table 3.

When Table 3 is examined, it is seen that the students’ attention times
during traditional teaching are between 10% and 60%, and there is not any
significant change by the weeks. When the eight-week average attention times
during the traditional teaching practice are examined, it is seen that SK, SC,
AA, AH, YG, and AK could focus their attentions on the course or teaching
material during 41%, 38%, 32%, 40%, 33% and 40% of 10-min course,
respectively. Accordingly, it can be said that the students were interested in
the course or teaching material only about 4 min of the 10-min traditional
teaching practice.

In Table 3, it is seen that the 8-week attention times of the students during the
teaching application performed with the augmented reality teaching material
varied between 45% and 100%, and there was no significant change by the
weeks. When the eight-week average attention times during the experimental
teaching practice are examined, it is seen that SK’s attention time in a 10-min
course increased from 41% to 100%. SK had a moderate mental disability as well as
sight and hearing impairment. The fact that the attention time increased from 45% to
100% despite the sight and hearing troubles can be considered as an indicator of the fact
that the augmented reality teaching material will be effective in children with sight and
hearing troubles.

It is seen that AH’s attention time increased from 40% to about 90%, AK’s time
increased from 40% to about 90%. AH had physical growth retardation as well as the
moderate mental retardation. AK had no physical growth retardation, unlike
AH, despite having a moderate level of mental retardation. The fact that the
attention time of AH increased from 40% to about 90%, in a similar way to
AK, despite the physical growth retardation, can be considered as an indicator
of the fact that the augmented reality teaching material will be effective in children with
physical growth retardation.

The attention time of YG increased from 33% to about 70%. It is possible to say that
this increase is slightly less than the other students. When the personal char-
acteristics are examined, it is seen that YG is a romantic student with some
negative behaviors depending on age and condition. Nevertheless, an increase
in the attention time from 33% to about 70% can be considered as an indicator
of the fact that the augmented reality teaching material will be effective in
children with behavioral problems.

The attention times of SC and AA increased from 38% to 67% and from
32% to 58%, respectively. These are the students whose attention times in-
creased at the lowest level in the study group. When the personal characteristics
of these two students are examined, it is seen that they both need verbal help
due to the lack of language-speech inadequacy. Accordingly, it can be said that
the AR teaching material makes less contribution to the attention times of the students
who need verbal help due to the lack of language-speech inadequacy compared to other
students.
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3.3 The contribution of the augmented reality teaching material to the academic
development of children with special education needs

The academic development of students was evaluated firstly by rough evaluation (RE)
and then in detail before and after the application using the criterion-referenced
assessment tool. The results of these assessments were collected in one form for each
unit and for all students. The markings in each category on the form belong to SK, AH,
AK, YG, AA, and SC, respectively. Moreover, the skill levels are expressed by Success
(S), Verbal Clue (VC), Being a Model (BM) and Physical help (PH).

Students’ criterion-referenced assessment results for the life science course are
summarized in Table 4.

When Table 4 is examined, it is seen in the rough evaluation that none of the
students had skills related to the variables in the Autumn/Winter seasons and the parts
of the school before the application on the augmented reality material. As a result of the
detailed evaluation made, it is seen that students cannot show these skills independently
and also cannot show by verbal clue, being a model and physical help. In the rough
evaluation made as a result of the application, it was observed that all students except
for AA and SC could perform the skills related to seasons and the school sections, but
AA and SC could not perform them. In the detailed evaluation made, it was seen that
while SK, AH, AK and YG could perform these skills independently, AA and SC could
perform these skills with the help of verbal clues. As it was mentioned previously, AA
and SC need verbal help due to the lack of language-speech as well as the moderate
mental retardation. Accordingly, it can be said that while the augmented reality teaching
material contributes to the performance of the students with language-speech difficulty
at the verbal clue level in all skills in the subjects of seasons and school sections in the
science life, it contributes to the development of all other students including the
students with physical development retardation and behavioral problems at the level
of the independent realization.

Students’ criterion-referenced assessment results for traffic, reading and writing and
mathematics courses are summarized in Table 5.

When Table 5 is examined, it is seen as a result of the rough evaluation (RE) that
none of the students had skills related to the meanings of the lights in traffic lights used
for pedestrians, reading/writing the letters according to the rules and rhythmic counting
before the application on the augmented reality material. As a result of the detailed
evaluation made, it is seen that students cannot show these skills independently and
also cannot show by verbal clue, being a model and physical help.

In the rough evaluation made as a result of the application, it was observed that all
students except for AA and SC could perform these skills, but AA and SC could not
perform them. In the detailed evaluation made, it was seen that while SK, AH, AK and
YG could perform these skills independently, AA and SC could perform these skills
with the help of verbal clues. As it was mentioned previously, AA and SC need verbal
help due to the lack of language-speech as well as the moderate mental retardation.
Accordingly, it can be said that while the augmented reality teaching material contrib-
utes to the performance of the students with language-speech difficulty at the verbal
clue level in all skills related to the meanings of the lights in traffic lights used for
pedestrians, reading/writing the letters according to the rules and rhythmic counting as
well as in the science life course, it contributes to the development of all other students
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including the students with physical development retardation and behavioral problems
at the level of the independent realization.

4 Conclusion and discussion

According to the results of the study, it is seen that the developed AR teaching material
is appropriate and sufficient in terms of contributing to the development of children
with special education needs by bringing them real-life experiences. It was observed
that students were more eager and enthusiastic about the lesson during the course of
application, they were happy at the end of the lesson, their level of readiness to the
lesson increased, they were impatient about buying the tablets, their permanence level
was higher, their interest in the subjects increased, their self-confidence increased, and
they were relatively more active and more likely to respond correctly to questions
compared to students who did not participate in the study, and they were more
successful. According to the results, students show that they are interested in the course
or the teaching material only about 4 min of the traditional 10-min teaching practice.
Students become distracted in the remaining six minutes. The AR teaching material
significantly increases the attention times of the children with vision and hearing
problems, physical growth retardation and behavior problems as well as the children
with special education needs. However, it makes less contribution to the attention times
of students who need verbal help due to the lack of language-speech compared to other
students. It was determined by the rough evaluation that none of the students had the
skills related to the application subject before the application regarding the AR teaching
material. As a result of the detailed evaluation made, it was seen that students cannot
show these skills independently and also cannot show with a verbal clue, being a model
and physical help. Besides, while the AR teaching material contributes to the perfor-
mance of the students with language-speech insufficiency at the verbal clue level in all
skills on life science lessons, seasons and school sections along with the meanings of
the lights in traffic lights used for pedestrians, reading/writing the letters according to
the rules and rhythmic counting, it contributes to the development of all other students
including the students with physical development retardation and behavioral problems
at the level of the independent realization. In brief, it has been concluded that the
designed AR teaching material makes positive contributions to the students’ levels of
willingness, enthusiasm, motivation, self-confidence, academic achievements, persis-
tence and readiness levels. Although there is not enough evidence regarding the direct
contribution of augmented reality to children with special education needs in the
literature, it is possible to find evidence for the contributions of technology-supported
environments (Alghabban et al. 2017; Ayres et al. 2009; Bakker et al. 2016). In this
context, Herrera et al. (2006), in their study in which they used the virtual reality in
teaching individuals with autistic spectrum disorder (ASD) abstract concept and imag-
ination, emphasized the importance of making real-life examples three-dimensional
with certain software programs. The virtual reality based adaptive behavior technology
was developed for children with ASD by Lahiri et al. (2013), and they found out a
visible increase in the performances and social communication skills of ASD subjects.

As can be seen, the findings of this study support the studies examined in the
literature. It is seen that students who have learning difficulties develop their skills in
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technology supported environments positively. This may be due to students’ interest in
technology-enriched environments. As a matter of fact, the findings obtained from the
interviews with the teachers and the results of the observation support this
statement. Therefore, it is recommended to continue the practices of these
environments in line with the opinions of the teachers. Especially new approaches such
as AR can be tried in different applications in classroom environments of individuals
with Special Education Needs.

Within the scope of this study carried out, it can be said that the results obtained
based on teacher observations are also consistent with the literature. In similar studies in
Turkey, it is seen that there are studies regarding the fact that technology-supported
environments positively affect the cognitive and physical development of students with
mental retardation (Dogan 2015; Yalginkaya 2012). In another study carried out, the
applications in which simple-level devices and timers such as cassette players with
audio output and audio recording feature used with visual and written hints, and tape
recorders were used were defined as the Bapplications using technology at the moderate
level”, it was emphasized that this application was used in teaching autistic children
academic skills, communication skills, language skills and social skills, and also they
were used in reducing the problem behaviors of autistic children, increasing their
attention and motivation and improving their organizational skills (Eligin 2015). In
the same study, video camera, computer, tablet computer, computer or television with
touch screens, smartphone, and various software were classified as advanced technol-
ogies. It was emphasized that the applications using these technologies are effective in
reducing the problem behaviors of autistic children, providing them with social skills,
academic skills, and self-care skills, that autistic children learn more effectively with
touch screens, alternative mice, and keyboards. It was also emphasized to provide
important contributions in terms of language skills, social skills, problem-solving skills
in addition to the skills described above. According to this classification made by Elicin
(2015), it can be said that the augmented reality needs to be evaluated in advanced
technologies.

As a limitation, this study was carried out with only 6 students because of the
difficulty of conducting study with individuals in need of special education. According
to the feedback from the teachers, these students behaved more differently than their
normal classes. However, by conducting a different study, two groups of students with
similar characteristics can be compared and the differences can be revealed more in
depth and comparatively.

Consequently, when it is taken into account that the AR applications have
recently begun to be used actively in the fields of education and training, it can
be said that the augmented reality environments that include the subjects of
house sections, day and night, animals, occupations, seasons, school sections,
numbers, forms, traffic rules and relations between entities for children with
special education needs within the scope of this study are suitable environments
to meet children’s real-life experience needs and make important contributions to the
attention times and academic developments of students. In this context followings can
be suggested;

1. The use of this developed environment in terms of the development of children
with special education needs
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2. Increasing the augmented reality environments for different subjects for children
with special education needs

3. Designing and spreading classrooms with substructures like tablet and projection
device in special education schools in addition to augmented reality teaching
materials can be proposed.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

References

Abdiisselam, M. S., & Karal, H. (2012). The effect of mixed reality environments on the students’ academic
achievement in physics education: 11th grade magnetism topic example. Journal of Research in
Education and Teaching, 1(4), 171-181.

Achmadi, D., Kagohara, D. M., van der Meer, L., O’Reilly, M. F., Lancioni, G. E., Sutherland, D., Lang, R.,
Marschik, P. B., Green, V. G., & Sigafoos, J. (2012). Teaching advanced operation of an ipod-based
speech-generating device to two students with autism spectrum disorders. Research in Autism Spectrum
Disorders, 6, 1258-1264.

Adam, T., & Tatnal, A. (2017). The value of using ICT in the education of school students with learning
difficulties. Education and Information Technologies, 22(16), 2711-2726. https://doi.org/10.1007
/510639-017-9605-2.

Adam, T., Rigoni, A., & Tatnall, A. (2006). Designing and implementing curriculum for students with special
needs: A case study of a thinking curriculum. Journal of Business Systems, Governance and Ethics, 1(1),
49-63.

Alghabban, W. G., Salama, R. M., & Altalhi, A. H. (2017). Mobile cloud computing: An effective multimodal
interface tool for students with dyslexia. Computers in Human Behavior, 75, 160-166.

Ayres, K. M., Maguire, A., & McClimon, D. (2009). Acquisition and generalization of chained tasks taught
with computer based video instruction to children with autism. Education and Training in Developmental
Disabilities, 44(4), 493-508.

Azuma, R., Baillot, Y., Behringer, R., Feiner, S., Julier, S., & MacIntyre, B. (2001). Recent advances in
augmented reality. Computer graphics and applications, IEEE, 21(6), 34-47.

Bacca, J., Baldiris, S., Fabregat, R., Graf, S., & Kinshuk. (2014). Augmented reality trends in education: A
systematic review of research and applications. Educational Technology & Society, 17(4), 133—149.

Bakker, M., van den Heuvel-Panhuizen, M., & Robitzsch, A. (2016). Effects of mathematics computer games
on special education students’ multiplicative reasoning ability. British Journal of Educational Technology,
47(4), 633-648.

Bolte, S., Golan, O., Goodwin, M. S., & Zwaigenbaum, L. (2010). What can innovative technologies do for
autism spectrum disorders? The National Autistic Society, 14(3), 155-159.

Browder, D. M., Spooner, F., Ahlgrim-Delzell, L., Harris, A., & Wakeman, S. (2008). A meta-analysis on
teaching mathematics to students with significant cognitive disabilities. Exceptional Children, 74, 407—
432. https://doi.org/10.1177/001440290807400401.

Bujak, K. R., Radu, 1., Catrambone, R., MacIntyre, B., Zheng, R., & Golubski, G. (2013). A psychological
perspective on augmented reality in the mathematics classroom. Computers & Education, 68, 536—544.

Cai, S., Wang, X., & Chiang, F.-K. (2014). A case study of augmented reality simulation system application in
a chemistry course. Computers in Human Behavior, 37, 31-40.

Cakir, R., Solak, E., & Tan, S. S. (2015). Artinlmug gerceklik teknolojisi ile ingilizce kelime dgretiminin
Ogrenci performansina etkisi. [effect of teaching english vocabulary with augmented reality technologies
on students’ performances]. Gazi Egitim Bilimleri Dergisi, 1(1), 45-58.

Caudell, T. P, & Mizell, D. W. (1992). Augmented reality: An application of heads-up display technology to
manual manufacturing processes. In System sciences. Proceedings of the Twenty-Fifth Hawaii
International Conference on IEEE (Vol. 2, pp. 659-669).

Chen, C.H., Lee, I. J., & Lin, L. Y. (2016). Augmented reality-based video-modeling storybook of nonverbal
facial cues for children with autism spectrum disorder to improve their perceptions and judgments of
facial expressions and emotions. Computers in Human Behavior, 55, 477-485.

@ Springer



Education and Information Technologies (2019) 24:1631-1659 1657

Cheng, K.-H., & Tsai, C.-C. (2012). Affordances of augmented reality in science learning: Suggestions for
future research. Journal of Science Education and Technology, 22, 449-462.

Choi, B., & Baek, Y. (2011). Exploring factors of media characteristic influencing flow in learning through
virtual worlds. Computers & Education, 57(4), 2382-2394.

Cihak, D., Ayres, K. M., & Smith, C. (2010). The use of video modeling via a video ipod and a system of least
prompts to improve transitional behaviors for students with autism spectrum disorders in the general
education classroom. Journal of Positive Behavior Interventions, 12(2), 103—115.

Collins, A., Joseph, D., & Bielaczyc, K. (2004). Design research: Theoretical and methodological issues.
Journal of the Leaming Sciences, 13(1), 15-42.

Creswell, J. W., & Clark, V. L. P. (2007). Designing and conducting mixed methods research. Los Angeles:
SAGE.

Dalgamo, B., & Lee, M. J. W. (2010). What are the learning affordances of 3-D virtual environments? British
Journal of Educational Technology, 41(1), 10-32.

Di Serio, A., Ibafiez, M. B., & Kloos, C. D. (2013). Impact of an augmented reality system on students'
motivation for a visual art course. Computers & Education, 68, 586-596.

Doenyas, C., Simdi, E., Ozcan, E. C., Cataltepe, Z., & Birkan, B. (2014). Autism and tablet computers in
Turkey: Teaching picture sequencing skills via a webbased ipad application. International Journal of
Child-Computer Interaction, 2(1), 60-71.

Dogan, S. (2015). Examining effects of a technology-enhanced extracurriculum on special education students
with intellectual disability. Unpublished Master Thesis. Middle East Technical University, Ankara,
Turkey.

Dori, Y., & Belcher, J. (2005). How does technology-enabled active learning affect undergraduate students'
understanding of electromagnetism concepts? Journal of the Learning Sciences, 14(2), 243-279.

Dunleavy, M., Dede, C., & Mitchell, R. (2009). Affordances and limitations of immersive participatory
augmented reality simulations for teaching and learning. Journal of Science Education and Technology,
18(1), 7-22.

Eligin, O. (2015). Otizm spektrum bozuklugu olan ¢ocuklara Islevsel okuma becerilerinin kazandirilmasinda
tablet bilgisayar araciligi ile sunulan programun etkililigi [Teaching functional reading skills to children
with autism via tablet PC program]. Unpublished Dissertation, Abant Ilzzet Baysal University, Bolu,
Turkey.

Erdogan, R.U., (2010). Tip ve miihendislik uygulamalarim amaglayan ii¢ boyutlu arttirilmus gergeklik sistemi
tasarimu ve gelistirilmesi [Design and development of a three dimensional augmented reality system
aiming medical and engineering applications]. Unpublished Master Thesis, Dokuz Eyliil University,
Izmir, Turkey.

Escobedo, L., Nguyen, G.H., Boyd, L., Hirano, S., Rangel, A., Garcia-Rosas, D., Tentori, M., & Hayes, G.
(2012). MOSOCO: a mobile assistive tool to support children with autism practicing social skills in real-
life situations. CHI '12 Proceedings of the SIGCHI Conference on Human Factors in Computing Systems.
Pages 2589-2598, Austin, Texas, USA.

Hamilton, K., & Olenewa, J. (2010). Augmented reality in Education. Retrieved 15 May 2018 from
http://www.authorstream.com/Presentation/k3hamilton-478823-augmented-reality-in-education/

Herrera, G., Jordan, R., & Vera, L. (2006). Agency and presence: A common dependence on subjectivity?
Teleoperators and Virtual Environments, 15(5), 539-552. https://doi.org/10.1162/pres.15.5.539.

Hetzroni, O. E., & Tannous, J. (2004). Effects of a computer-based intervention program on the communi-
cative functions of children with autism. Journal of Autism and Developmental Disorders, 34(2), 95-113.

Hourcade, J. P., Bullock-Rest, N. E., & Hansen, T. E. (2012). Multitouch tablet applications and applications
and activities to enhance the social skills of children with autism spectrum disorders. Personel and
Ubiquitous Computing, 16, 157-168.

Hsiao, K., & Rashvand, H. (2011). Integrating body language movements in augmented reality learning
environment. Human-centric Computing and Information Sciences, 1(1), 1-10.

Ibafiez, M. B., Di Serio, A., Villaran, D., & Kloos, C. D. (2014). Experimenting with electromagnetism using
augmented reality: Impact on flow student experience and educational effectiveness. Computers &
Education, 71, 1-13.

Ivanova, M., & Ivanov, G. (2011). Enhancement of learning and teaching in computer graphics through
marker augmented reality technology. International Journal on New Computer Architectures and their
applications, 1(1), 176—184.

Kerawalla, L., Luckin, R., Selijefot, S., & Woolard, A. (2006). Making it real: Exploring the potential of
augmented reality for teaching primary school science. Virtual Reality, 10(3—4), 163—174.

@ Springer



1658 Education and Information Technologies (2019) 24:1631-1659

Kirner, T. G., Reis, EM.V., & Kirner, C. (2012). Development of an interactive book with augmented reality
for teaching and learning geometric shapes. Information Systems and Technologies (CISTI), 2012 7th
Iberian Conference on 1-6., Madrid, Spain, 20-23 June 2012.

Klopfer, E., & Yoon, S. (2004). Developing games and simulations for today and tomorrow’s tech savvy
youth. TechTrends, 33—41.

Krevelen, D. W. F. V., & Poelman, R. (2010). A survey of augmented reality technologies, applications and
limitations. The International Journal of Virtual Reality, 9(2), 1-20.

Kigiik, S. (2015). Mobil artirilmis  gergeklikle anatomi 6greniminin tip dgrencilerinin akademik bagarilari ile
biligsel yiiklerine etkisi ve 6grencilerin uygulamaya yonelik goriisleri [Effects of learning anatomy via
mobile augmented reality on medical students' academic achievement, cognitive load, and views toward
implementation]. Unpublished Dissertation Thesis. Atatiirk University, Erzurum, Turkey.

Kuzu, A., & Cankaya, S. (2011). Design-based research and its implementation in the design and development
of learning environments. Anadolu Journal of Educational Sciences International, 1(1), 19-35.

Lahiri, U., Bekele, E., Dohrmann, E., Warren, Z., & Sarkar, N. (2013). Design of a virtual reality based
adaptive response technology for children with autism. IEEE Transactions on Neural Systems and
Rehabilitation Engineering, 21(1), 55-64.

Lee, E. A.-L., Wong, K. W., & Fung, C. C. (2010). How does desktop virtual reality enhance learning
outcomes?, a structural equation modeling approach. Computers & Education, 55, 1424—1442.

Liu, T-Y., Tan, T.-H., & Chu, Y.-L. (2010). QR code and augmented reality-supported mobile English
learning system. In X. Jiang, M. Y. Ma, & C. W. Chen (Eds.), Mobile multimedia processing. Lecture
notes in computer science (Vol. 5960, pp. 37-52). Berlin Heidelberg: Springer-Verlag.

Makina, T., & Salam, S. (2011). User interface and interaction design considerations for collaborative learning
using augmented reality learning object. In Software Engineering and Computer Systems (pp. 179-187).
Springer Berlin Heidelberg.

Mikropoulos, T. A., & Natsis, A. (2011). Educational virtual environments: A ten-year review of empirical
research (1999-2009). Computers & Education, 56(3), 769-780.

Milgram, P., & Kishino, A. F. (1994). Taxonomy of mixed reality visual displays. IEICE Transactions on
Information and Systems, 77(12), 1321-1329.

Orgm, (2013). Ozel egitim uygulama merkezi (okulu) Lve II. kademe egitim programi (6zel egitime gereksinim
duyan ¢ocuklar igin) [Ist and IInd Stage education program of the special education application center
(school), the need for special education, MoNE, Ankara]. MEB, Ankara.

Ozgiig, C.S. (2015). Zihin yetersizligi olan ortaokul 6grencilerinin bulundugu bir simfta 6gretim
etkinliklerinin teknolojI destegi ile gelistirilmesi: Bir eylem arastirmasi. [Developing technology support-
ed instructional activities in a class of middle school students with intellectual disability: An action
research] Unpublished Dissertation, Anadolu University Eskisehir, Turkey.

Radu, I. (2014). Augmented reality in education: A meta-review and cross-media analysis. Personal and
Ubiquitous Computing, 18(6), 1-11.

Shelton, B. E., & Hedley, N. R. (2002). Using augmented reality for teaching earth-sun relationships to
undergraduate geography students. In Augmented Reality Toolkit, The FirstIEEE International Workshop.

Shumaker, R. (Ed.). (2013). Virtual, augmented and mixed reality: Systems and applications, 5th International
Conference, VAMR 2013, Held as Part of HCI International 2013, Las Vegas, NV, USA, July 21-26,
2013, proceedings (Vol. 8022).

Siltanen, S. (2012). Theory and applications of marker-based augmented reality. Retrieved from http:/www.
vtt.fi/inf/pdf/science/2012/S3.

Silva, M., Roberto, R., & Teichrieb, V. (2013). Evaluating an educational system based on projective
augmented reality. I Congresso Brasileiro de Informética na Educacdo (CBIE 2013). XXIV Simpdsio
Brasileiro de Informatica na Educagéo.

Solak, E., & Cakir, R. (2015). Exploring the effect of materials designed with augmented reality on language
learners’ vocabulary learning. Journal of Educators Online, 12(2), 50-72.

Solak, E. & Cakir, R. (2016). Investigating the role of augmented reality technology in the language
classroom. Online Submission, Croatian Journal of Education 4(18) 1067-1085.

Teoh, H. J., Cheong, S. K., & Woo, P. J. (2008). Student learning disability experiences, training and services
needs of secondary school teachers. Malaysian Journal of Psychiatry, 17(2).

Ternier, S., Klemke, M., Ulzen van, P., & Specht, M. (2012). ARLearn: Augmented reality meets augmented
virtuality. Journal of Universal Computer Science, 18(15), 2143-2164.

Tiili, M., & Yilmaz, M., (2012). Iphone ile Arttirllmig Gergeklik Uygulamalarinin Egitim Alanminda
Kullamilmas: [Use of Iphone augmented reality applications in the education], Usak Universitesi,
Akademik Bilisim Konferansi ,1-3 Subat. 2007.

@ Springer



Education and Information Technologies (2019) 24:1631-1659 1659

Wu, H. K., Lee, S. W. Y., Chang, H. Y., & Liang, J. C. (2013). Current status, opportunities and challenges of
augmented reality in education. Computers & Education, 62, 41-49.

Yalginkaya, O. (2012). Egitilebilir zihinsel engelli ¢ocuklarda web destekli uzaktan egitim sistemi ile sosyal
beceri ogretiminin bilgisayar ortaminda gelistirilmesi [The improvement of social skills instruction in
computer environment through web based distance education system in trainable mentally disabled
(handicapped) children]. Unpublished Master Thesis, Trakya University institute of naturel sciences,
Trakya, Turkey.

Yuen, S., Yaoyuneyong, G., & Johnson, E. (2011). Augmented reality: An overview and five directions for
AR in education. Journal of Educational Technology Development and Exchange, 4(1), 119-140.

@ Springer



