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In this study, the literature is reviewed on using augmented reality (AR) in education.
How AR is a technology, its history, display systems and AR softwares are examined. In
addition, which AR used any educational field and its providing educational gains are
determined. AR can be used in natural sciences, computer and information sciences,
mathematics, engineering, humanities and education. AR has been also used in medical,
physics, chemistry, biology, astrology and geometry education, museums, storytelling
activities, teaching cultural knowledge, engineering and special education. Especially,
AR has been used for phenomena impossible to see by naked eye, simulation of
potentially dangerous situations, visualization of abstract concepts and complexity
phenomena. AR provides edutainment, rich interaction, natural experience and it
improves attention and motivation.
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Bu ¢alismada artirilmis gergeklik (AG) teknolojisi ve egitimde kullanimina yonelik alan
yazin taramasi yapilmistir. Bu dogrultuda AG’nin nasil bir teknoloji oldugu, tarihgesi,
goruntileme sistemleri, icerik gelistirmede kullanilan yazilimlar incelenmistir. Ayrica
egitimde hangi alanlarda kullanildigi ve sagladig kazanimlar ile egitsel faydalar
belirlenmistir. AG teknolojisinin dogal bilimler, bilgisayar ve bilgi bilimleri, matematik,
miihendislik ve insani bilimlerde uygulandigi gériilmustir. Ozellikle tip, biyoloji, fizik,
kimya, geometri egitiminde, astronomide ve miizelerde, hikdye olusturma
etkinliklerinde, kilturel bilgilerin 6gretiminde, mihendislik ve engelli egitiminde etkili
bir sekilde kullanildigi alan yazinda ortaya ¢ikarilmistir. Bu alanlarda ozellikle gozle
gorilmesi mumkin olmayan nesne ve olaylarin 6gretimi, tehlikeli durumlarin
gosterilmesi, soyut kavramlarin somutlastiriimasi, karmasanin ¢ok oldugu bilgi
duzeylerinin sunulmasi gibi durumlarda kullanildigi belirlenmistir. Alan yazinda AG’nin
eglenerek 6grenmeyi saglama, gerceklik hissi olusturma, dogal deneyim sunma, dikkati
ve motivasyonu artirma gibi faydalar sagladigi géralmustir.

Introduction

Thanks to the advances in computer technology, the question of "Does media influence learning?" has
transformed to "How will technology education change?" (Reigeluth, 1991). When a new technology is used
in education, people are wondering if the new technology can make the existing teaching environments
better. One of the new technologies that are the subject of curiosity is the augmented reality (AR)
technology. However, the educational potentials of the AR are being investigated more recently (Martin,
Diaz, Sancristobal, Gil, Castro, & Peire, 2011; Kesim & Ozarslan, 2012; Zhou, Cheok, Pan, & Li, 2004b) and it
is thought that AR will provide important contributions to education in the future (Cheng & Tsai, 2012;
Martin et al., 2011). It is also thought that digital data, virtual and AR applications will cover our entire life
in the future (Rice, 2009; Wang, Kim, Love, & Kang, 2013). Because this technology is new and interesting,

2 This study was conducted as part of the doctoral thesis entitled “Effects of Three Dimensional StorytellingDeveloped with
Augmented Reality Technology on Narrative Skill and Creativity”’.

@ Bu calisma “Artirilmis Gergeklik Teknolojisiyle 3 Boyutlu Hikaye Canlandirmanin Hikaye Kurgulama Becerisine ve Yaraticiliga
Etkisi” bashkl doktora tezinin bir boliiminden olusmaktadir.
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it is estimated that both teachers and students can attract interest when it used in education. Therefore, it
is important to know what kind of technology AR is, how it is used, what kind of technical infrastructure it
has, and what benefits it provides educationally.

The researchers have turned to AR technology, which has the potential to improve 21st century skills
such as interpreting, multiple thinking, problem solving, knowledge management, teamwork, flexibility,
engagement and accepting different perspectives (Schrier, 2006). Furthermore, since AR technology
supports various multimedia formats such as sound, picture, text, video, animation, and 3D object, it is
predicted that it would be useful to conduct research on the use of this technology in education.
Accordingly, a literature review has been done on AR technology and its use in education. In this respect,
what kind of technology is AR, history, imaging systems, software used to develop content are examined.
In addition, in which areas the training was used and provided educational benefits were determined.

Augmented Reality

AR is defined as a technology that combines the real world with virtual objects and it provides interaction
between real and virtual objects (Azuma, 1997). In other words, predetermined target points are captured
and connected with the virtual objects and interpreted the results through the programs with AR technology.
Because it contains virtual objects, it is necessary to distinguish the AR with the concept of virtual reality
(VR). Objects are displayed in real time and environment in AR, while objects in VR are displayed in virtual
environment. With this feature, AR is separated from VR (Kye & Kim, 2008). At the same time, it is important
for AR to establish a bridge between the virtual and the real World (Chang, Morreale, & Medicherla, 2010;
Lee, 2012). In addition, there are three important features that enable AR to distinguish itself from other
Technologies (Moreno, Macintyre, & Bolter, 2001). These are: (1) combining virtual and real objects, (2)
providing real-time interaction, and (3) existing 3D objects (Azuma, 1997). AR is an increasingly popular
technology that can be used on desktops and laptops, portable devices and smartphones (Kirner, Reis, &
Kirner, 2012). Applications developed with AG allow the use of virtual 3D objects, text, 2D images, video and
animation separately, they also provide the same usage (Wang, He, & Dou, 2013). Therefore, users can
naturally interact with events, objects and information (Wojciechowski, Walczak, White, & Cellary, 2004;
Wojciechowski & Cellary, 2013).

History of Augmented Reality

Even though the roots of AR go back to 1950s, this concept was firstly coined by Tom Caudell in 1990s.
Tom Caudell used AR technology to create a digital monitoring system that is mounted to head and used for
directing employees while assembling electric cables in the planes (Caudell & Mizell, 1992; Siltanen, 2012).
In 1994, Paul Milgram proposed a reality-virtuality process, as AR developed in time and had similar
properties with virtual reality, which was named as mixed reality and which consist of reality on one end and
virtuality on the other end (Figure 1) (Cheng & Tsai, 2012; Milgram & Kishino, 1994; Ternier, Klemke, Kalz,
van Ulzen, & Specht, 2012). Thus, the characteristics of AR in this process was understood precisely. The
development of AR from the 1950s to our current time is stated in detail in Figure 2.

Mixed Reality
<« o o o O >
Real Augmented Augmented Virtual
environment Reality Virtuality environment

Figure 1. Reality-Virtuality Process (Adapted from Milgram & Kishino, 1994).
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Figure 2. Historical Development of AR. (Adapted from Dodsworth, 2010; Yuen, Yaoyuneyong, & Johnson, 2011)
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Technologies Used

AR applications are categorized by different researchers based on the types of technologies used. Johnson, Levine,
Smith and Stone (2010) and Pence (2011) use marker-based applications and markerless application categories where
as Cheng and Tsai (2012) categorizes AR as image-based and location-based applications. Marker-based applications
consist of three main components as a booklet that includes the marker, a device that transforms information into
digital data and a monitor that shows digital data in 3D. Instead of these components, markerless applications use
three other components as a monitoring system with a GPS (Global Positioning System), a location identifier device
and an image identifier device (Johnson et al., 2010). Image-based AR is based on marker-based applications and
which is used for transforming marker images into 3D objects by the aid of using AR monitoring softwares that are
gathered via a Web camera or other mobile devices (Figure 3).

@Web Camera

Virtual
Information

Marker/Image

e

Figure 3. Marker/Image Based AR application

Unlike marker-based AR, markerless applications use GPS or wireless features of mobile phones while identifying
the location. AR is created by adding virtual objects to the identified locations (Figure 4).
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Real Environment Virtual Knowledge

Figure 4. Markerless/location Based AR

When the image-based and location-based AR applications are compared, it is seen that both of the applications
have similar and different features. The main difference that separates these two applications is the fact that image-
based applications use images and graphics as identifiers while location-based applications use GPS or wireless as an
identifier. The similarity between the two applications is using virtual objects such as text, audio, video and 3D models
(See in Figure 5).

Identification Method

Virtual Objects

GPS

Wireless

[— Location-based AR

Image-based AR J_

Figure 5. Comparison of Image-based and Location-based AR applications (Cheng & Tsai, 2012).
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Monitoring Systems Used In Augmented Reality

Basic devices such as portable devices, computers, lead devices that enable monitoring virtual objects in
the real world are used as special monitoring systems in AR applications (See in Figure 6). Head Mounted
Display is one of these systems, and it enables displaying objects by the aid of optical monitors that lay on
the eyes when the device is mounted to head. Another system is called Handheld Displays that lets
monitoring objects by using small devices that can be carried by the individuals by hand. Additively, Spatial
Projection Displays use video projectors, optical elements, and holograms (Kesim & Ozarslan, 2012).
However, the ring of authenticity can differ with different systems (Serio, Ibafez, & Kloos, 2013).

Head Mounted Displays

Handheld Displays ==

Spatial Projection Displays ==

Figure 6. AR Monitoring Systems. Adapted From (Bimber & Raskar, 2004).
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Some Software Used in Augmented Reality

Special software are needed to create AR applications. In addition to being different for computers and
portable devices and they also vary depending on the audience’s level of using authoring tools and
knowledge of programming. Schmalstieg, Langlotz and Billinghurst (2011) categorizes portable devices and
the existing software for desktop as low/high level and programming knowledge required/not required
(Table 1). In addition to all these, Daqri Ar-media, MixAR ZooBurst, FLARtoolkit, MRToolkit, Junaio, Metaio,
Aurasma and Layar are some other software that are being used; (DePriest, 2012; Schmalstieg et al., 2011;
Wang et al., 2013; Yuen et al., 2011).

Table 1.
Some software used in AR applications.
Programming knowledge Programming knowledge not
required required
= ARToolkit DART
o LowLevel
k+ arTag ComposAR
w
3 . Studierstube AMIRE
High level .
0sgART BuildAR
Studierstube Tracker
o Low level . . Python
‘S ARToolkit for Symbian
o
= ] Studierstube ES )
High Level FlashLite

M3GE

Augmented Reality and Education

With the advances in software and hardware used in AR, this technology have started to be used in
several areas such as entertainment, marketing, military, medicine, engineering, psychology, advertising
(Azuma, 1997; Azuma, Baillot, Behringer, Feiner, Julier, & Maclntyre, 2001; Kirner et al, 2012). By the aid of
the advanced technology that AR has, the applications have become a rich learning experience (Alcaiiiz,
Contero, Pérez-Lopez, & Ortega, 2010). Thus the use of AR applications has come to prominence. Yet, it is
indicated that the use of technological tools in education gives new opportunities to increase interaction
between individuals and entertaining learning as well as making the learning process more active, effective
and meaningful (Alsumait & Musawi, 2013; Nischelwitzer, Lenz, Searle, & Holzinger, 2007; Sumadio &
Rambli, 2010). AR technology has attracted attention in the area of education as it enables interacting both
with virtual and real objects, learning by experience, increasing attention and motivation (Singhal, Bagga,
Goyal, & Saxena, 2012).

Despite the fact that virtual environments provide rich content and interaction, these environments lack
reality. This situation can affect the cognitive development of individuals in a negative way (Vygotsky, 1986).
It is thought that this problem can be solved by the aid of AR technology. In this direction, researchers have
focused on how AR can be implemented in schools (Sumadio & Rambli, 2010). In this regard, the most
important points are fitting the curriculum, carrying out the learning process in a balanced way and creating
effective interactions (Hsiao, Chen & Huang, 2010). AR is also applied in natural sciences (chemistry, physics,
biology, astrology, etc.), computer and information sciences, mathematics, engineering (mechanical,
electrical, biomedical, etc.) and humanitarian sciences (history, languages, anthropology, etc.)
(Wojciechowski & Cellary, 2013). In education, AR is thought to be more effective especially in teaching about
objects and situations that can not be seen, showing dangerous situations, materializing abstract concepts
and presenting complicated information (Huang, Chen, & Chou, 2016; Walczak et al., 2006).

When AR is used in education, it brings along a lot of benefits and educational gains. Additively, because
of its features, it can be used in almost all levels of education (Akgayir, Akgayir, Pektas, & Ocak, 2016). AR,
while enabling rich interaction (Azuma, 2004), provides a natural experience and increases attention and
motivation (O’Brien & Toms, 2005; Squire et al., 2008). In addition to all these, it increases the skills of
interpretation, problem-solving (Schrier, 2006), creative thinking (lvanova & lvanov, 2011) and provides
flexibility to students (Schrier, 2006). When integrated to education in a suitable way, it can support different
learning approaches such as authentic learning, situational learning and constructivist learning (Johnson,
Smith, Willis, Levine, & Haywood, 2011; Kirner et al., 2012; Wojciechowski & Cellary, 2013; Yuen et al., 2011).
Besides, the benefits of using AR in education, the gains of using AR and the learning approaches supported
by AR are presented in Table 2 in detail.
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Table 2. The advantages provided by the educational use of the AG, the gains achieved and the learning approaches it supports

Providing a sense of reality

Lin & Wang (2012)

Presenting a natural experience

O’Brien & Toms (2005); Sumadio & Rambli (2010)

E Visualize complex relationships Arvanitis vd. (2007); Wu, Lee, Chang, & Liang (2013)
;3 g Offer experiences that cannot be done in real life Wu vd. (2013); Wojciechowski & Cellary (2013)
u E Concrete abstract concepts Wojciechowski & Cellary (2013)
2 ":‘,’ Having fun learning Yoon, Elinich, Wang, Steinmeier, & Tucker (2012)
LZ: S Presenting safe learning environment Li (2010); Aziz, Aziz, Paul, Yusof, & Noor (2012); Wojciechowski & Cellary (2013)
é Saving time and space Wei, Weng, Liu, & Wang, 2015; Li (2010); Aziz vd. (2012)
Increasing student participation Wojciechowski & Cellary (2013)
Providing flexibility Schrier (2006)
Authentic Learning Environments Yuen vd. (2011)
0] ¥ Situational learning environments Johnson vd. (2011); Wojciechowski & Cellary (2013)
'no_: E 2 Constructivist learning environments Kirner vd. (2012)
o E g Learning by doing learning environments Wojciechowski & Cellary (2013)
a = % Inquiry-based learning environments Cheng & Tsai (2012);Wojciechowski & Cellary (2013)

Research-based learning environments

Yuen vd. (2011)

GAINS OF USING AUGMENTED REALITY IN EDUCATION

Increasing attention

O’Brien & Toms (2005); Sumadio & Rambli (2010); Aziz vd. (2012)

Making learning attractive and effective

Dinser & Hornecker (2007); Oh & Woo (2008); Lester vd. (1997); Wojciechowski & Cellary (2013); Zhou,
Cheok, & Pan (2004a)

Providing motivation

Wei, Weng, Liu, & Wang, 2015; O’Brien & Toms (2005); Sumadio & Rambli (2010); Aziz vd. (2012); Serio vd.
(2013)

Providing interaction

Yilmaz (2016); Azuma (2004); Wojciechowski & Cellary (2013); Kerawalla, Luckin, Seljeflot, & Woolard (2006);
Ivanova & Ivanov (2011); Wu vd. (2013); Bujak, Radu, Catrambone, Maclntyre, Zheng, & Golubski, (2013); Kesir
& Ozarslan (2012)

Facilitating understanding

Ivanova & lvanov (2011); Nufiez, Quiros, Nufiez, Carda, & Camahort (2008); Zhou vd. (2004a)

Connecting with real-world experiences and problems

Ternier vd. (2012)

Creating contextual awareness

Ivanova & Ivanov (2011)

Increasing engagement

Bujak vd. (2013); lvanova & Ivanov (2011)

Ensuring permanent learning

lvanova & lvanov (2011)

Improving communication

lvanova & lvanov (2011)

Increasing collaboration

Billinghurst (2002); Yuen vd.(2011)

Triggering creativity

Klopfer & Yoon (2004); Zhou vd. (2004b); Yuen vd.(2011)

Developed imagination

Klopfer & Yoon (2004); Yuen vd.(2011)

Controlling self-learning

Yuen vd. (2011); Bujak vd. (2013)

Increasing spatial ability

Cheng & Tsai (2012); Wojciechowski & Cellary (2013); Bujak vd. (2013)

Enhancing problem solving skill & interpretation skill

Schrier (2006)
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Even though AR provides an important contribution to education, there are still some problems that need
to be overcome. The most important problem in this context is the difficulty of applying and producing
content for AR applications. Especially, as developing 3D objects requires technical knowledge, many
students and teachers are prejudiced about using AR (Yuen et al., 2011). Besides, another problem that
makes this technology hard to apply effectively in education results from external factors like lighting, output
and display quality that affects the applications negatively. On the other hand, there are some problems
related to students and learning processes. The students that use AR may face a huge amount of knowledge
at same time. This situation results in high levels of cognitive load. Furthermore, the students that use AR
applications may have to use several devices. This issue requires students to have spatial orientation ability,
problem-solving ability and technology interference skills (Wu et al., 2013). Putting aside some technical and
pedagogical problems that are brought along with AR, the potential of AR in educational applications attracts
researchers to this field. When the studies in the literature are analyzed, it is seen that there are several
studies which support the idea that the use of AR applications in education affects the education process in
a positive way (Billinghurst et al., 2001; Dinser & Hornecker, 2007; Farias & Dantas, 2011; Kaufmann & Papp,
2006; Kerawalla et al., 2006; Oh & Woo, 2008).

When the studies in the literature are analyzed in detail, the wide use of AR in museum education attracts
attention. Some of these studies such as history education in museum (Klopfer, Perry, Squire, Jan, &
Steinkuehler, 2005), creation of design principles for learning anytime and anywhere applications (Hall &
Bannon, 2006), location-based mobile applications (Waite, Kirkley, Pendleton & Turner, 2004) and creation
of cultural museum applications (Damala, Cubaud, Bationo, Houlier, & Marchal, 2008) draws interest.
Additively, there are some studies regarding teaching about dinosaurs and underwater world with AR
applications as well (Hughes, Smith, Stapleton & Hughes, 2004).

Health education is also one of the areas that have a high number of studies on this topic. There are
investigations made especially in anatomy education (Blum, Kleeberger, Bichlmeier & Navab, 2012a; Blum,
Kleeberger, Bichmeier & Navab, 2012b; Kandikonda, 2011). In this direction, the studies focus on some
particular points such as the practical and easy use of AR technologies in anatomy education (Thomas, John
& Delieu, 2010), teaching bone structures (Chien, Chen & Jeng, 2010) and comparison of AR applications and
conventional education (Jan, Noll, Behrends & Albrecht, 2012). Carlson and Gagnon (2016) integrated AR
technology into the simulation. For instance, the effectiveness of internal and external ear modeling
(Nicholson, Chalk, Funnell & Daniel, 2006) and comparison with other technologies and effects on students’
learning (Yeom, 2011) are some of the topics that were brought out.

In the field of biology, there are some studies made in order to decide the effects of the factors that AR
technologies include learning and reveal the relationship between these factors (Kye & Kim, 2008), decide
the effect of internal and external motivation on the use of technology (Balog & Pribeanu, 2010), compare
interactive AR application in ecosystem education with other computer-backed and face to face methods
(Hsiao et al., 2010), create an application that teaches plant growth by using interactive garden AR
application and decide the benefits of AR application on the learning process in teaching protein synthesis
(Lau, Oxley & Nayan, 2012). In addition, Tarng, Ou, Yu, Liou and Lio (2015) created AR contents and analyzed
the effect of these contents on the academic success of elementary school students.

The studies in the area of physics analyze how cognitive abilities are increased by visual compatible
information-structure skeletons and improvement of conceptional understanding of the scientific
phenomenon (Yoon et al., 2012) and examine the configuration of knowledge by developing elastic collision
AR application (Lin, Wang, Duh, Tsai & Liang, 2012). Akgayir, Akgayir, Pektas and Ocak (2016) compares AR-
backed education and conventional education regarding laboratory skills and analyzes attitudes of students.
Sumadio and Rambli (2010) analyze teacher and student opinion by creating 3D materials for a high school
level physics course in their study that aims to decide the usefulness of AR technology in education.

The studies in the area of chemistry aim to analyze molecular structure (Singhal et al., 2012), show crystal
structures in 3D in inorganic chemistry courses (Nufez et al., 2008), to see how students interact by
comparing AR and other models (Chen, 2006) and analyzing motivational effects and learning outcomes
(Balog & Pribeanu, 2010).

When the studies in the area of Geometry are analyzed, it is seen that the students were encouraged to
interact with several virtual objects in mathematics/geometry (Liarokapis, Petridis, Lister, & White, 2002)
and mobile AR application was developed for geometry education by Kaufmann (2004). On the other side, a
study (Kaufmann & Schmalstieg, 2003) that offers cooperative mathematics/geometry learning and provides
interaction between teacher and student and also a project named StudierStube (Schmalstieg et al., 2002)
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were conducted. Lin, Chen, and Chang (2015) compared AR-backed learning and traditional learning in the
area of Geometry.

In the area of astronomy, an AR application was developed in order to make topics such as rotation/cycle
in the earth and the sun, seasonal changes in temperature and light to be more understandable (Shelton &
Hedley, 2002) and also some applications were created in order to gather information about space (O’Shea,
2008). Besides, there is a study in the literature about development and assessment of an interactive AR
application about astronomy education (Kien-Sin & Zaman, 2010).

Story-creating activities come to the forefront within the studies in the literature (Diinser, 2008; Diinser
& Hornecker, 2007; McKenzie & Darnell, 2004; Saso, Iguchi & Inakage, 2003; Zhou et al., 2004). A book with
AR technology which is named MagicBook which includes 3D objects, text, and images was developed
(Billinghurst et al., 2001) and this interesting approach is accepted to be the first AR application in education.
Additively, Cheng and Tsai (2014) analyze the interaction between parents and children in AR-backed books.

In addition to all these, it is seen that AR is used in engineering education, special education and teaching
cultural knowledge. AR is used in training the materials in engineering education (Liarokapis et al., 2004), the
teaching of individuals with hyperactivity disorder and distractibility (Aziz et al., 2012), and teaching of
cultural knowledge (Ha, Lee & Woo, 2011).

Conclusion and Discussion

This study makes a literature review about AR technology and its use in education. As a result, it is
revealed that AR, which dates back to 1950s, is a technology that can be used in several platforms such as
PCs, laptops, portable devices and smartphones and its use becomes more common in our current time
(Kirner et al., 2012). Besides, AR differs from other technologies with its abilities of combining virtual and
real objects, providing real-time interaction and including 3D objects (Azuma, 1997; Moreno et al., 2001).

In the literature, it is seen that AR technology is categorized as marker-based and markerless applications
and image-based and location-based applications (Cheng & Tsai, 2012; Johnson et al., 2010; Pence, 2011),
and this technology uses several monitoring systems such as head mounted displays, handheld displays and
spatial projection displays. The fact that each system may differ in terms of sense of authenticity draws
attention (Serio et al., 2013). Besides, portable devices, PCs and the software used in content creation are
analyzed. Researchers categorizes the existing software as low level/high level programming knowledge
required/not required (Schmalstieg et al., 2011). The remarkable software are ARToolkit, DART, ComposAR,
BuildAR, Studierstube, FlashLite, Daqri Ar-media, MixAR ZooBurst, FLARtoolkit, MRToolkit, Junaio, Metaio,
Aurasma and Layar.

When the fields where AR technology is used are analyzed, it is seen that AR technology becomes
widespread in several areas such as entertainment, marketing, defense, medicine, engineering, psychology,
marketing and education. This technology is used in natural sciences (chemistry, physics, biology, astrology
etc.), computer and information sciences, mathematics, engineering (mechanical, electrical, biomedical etc.)
and humanitarian sciences (history, language, anthropology etc.) as well (Wojciechowski & Cellary, 2013).
Especially, it is seen that AR is used effectively in medicine, biology, physics, chemistry, geometry education,
astronomy and museums, story-creating activities, teaching cultural knowledge, engineering and
handicapped education. In these areas, it is especially used for teaching invisible objects and situations,
showing dangerous situations, concretization of intangible concepts, presenting levels of knowledge where
complications exist commonly (Walczak et al., 2006).

When the literature is analyzed in detail, it is seen that it gives benefits such as giving the feeling of
authenticity, initiating natural experience, visualizing complicated relationships, providing experiences that
can not be done in real life and concretizing intangible concepts (Arvanitis ve et al., 2007; Lin & Wang, 2012;
O’Brien & Toms, 2005; Sumadio & Rambli, 2010; Wojciechowski & Cellary, 2013; Wuve et al., 2013). Besides,
it is determined that AR provides instructors with a constructive and authentic learning environment, and a
situational, live and learn environment (Johnson et al., 2011; Kirner et al., 2012, Wojciechowski & Cellary,
2013; Yuen et al., 2011). On the other hand, it is revealed that AR brings along some outcomes such as
increasing attention, making learning more effective and interesting, providing motivation and a rich
interaction (Aziz et al., 2012; Bujak et al., 2013; Diinser & Hornecker, 2007; O’Brien & Toms, 2005; Oh &Woo,
2008; Serio et al., 2013; Sumadio & Rambli, 2010; Wojciechowski & Cellary, 2013).

Even though virtual environments provide children with rich interaction, the most important problem is
the lack of real environment. Especially, it is known that lack of real environment affects the early cognitive
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development of the children negatively (Vygotsky, 1986). At this point, the AR’s property of presenting virtual
and real environments together can be a way to overcome this situation. In this direction, researchers have
focused on how AR can be applied in the schools in the best way possible (Sumadio & Rambli, 2010). Here,
the critical points are being compatible with the curriculum followed in schools, compliance with the learning
process and creating effective interaction while creating the curriculums (Hsiao et al., 2010). Because of this,
it is thought that applying activities that are backed by AR in schools can add benefit to the integration of
this technology to education.

Recommendations

As a result of the literature review, the following recommendations are presented:

e As markerless applications give a greater sense of authenticity, the use of these applications in
education can be extended.

e As head mounted displays generate high costs, portable and spatial projection systems can be chosen
as monitors.

e Attention should be attached to choosing appropriate software and providing technical infrastructure
while creating educational applications with AR Technologies.

e Choice of software while creating content with AR Technologies affect the quality of the application.
In this direction, trying more than one software before starting developing content may be beneficial.

e AR applications get affected negatively from physical factors such as light, output quality and camera
features. For this reason, precaution should be taken to minimize the effect of these factors.

e Inorder to extend the use of this technology in the area of education, the schools should be provided
with necessary technical infrastructure support and teachers may be given on-the-job training.

e Research can be conducted aiming to decide the learning approaches/teaching methods that AR can
be used the most effective.

e Research can be done to decide the usability of AR technology in learning environments.
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Tiirkge Siirimii

Giris

Bilgisayar teknolojilerindeki gelismeler sayesinde, "Medya 6grenmeyi etkiler mi?" sorusu farklilasarak
"Teknoloji egitimi nasil degistirecek?" sorusuna déntsmistiir (Reigeluth, 1991). Yeni bir teknoloji egitimde
kullanildiginda, insanlar yeni teknolojinin mevcut 6gretim ortamlarini daha iyi hale getirip getiremeyecegini
merak etmektedirler. Etkisi merak konusu olan yeni teknolojilerden birisi de artirilmis gergeklik (AG)
teknolojisidir. Ancak AG’nin egitsel potansiyelleri daha yeni arastiriimakta (Martin, Diaz, Sancristobal, Gil,
Castro, & Peire, 2011; Kesim & Ozarslan, 2012; Zhou, Cheok, Pan, & Li, 2004b) ve gelecekte egitime 6nemli
katkilar saglayacagi dustinilmektedir (Cheng & Tsai, 2012; Martin vd., 2011). Ayrica dijital verilerin, sanal ve
AG uygulamalarinin gelecekte tim hayatimizi kaplayacagi dusiinilmektedir (Rice, 2009; Wang, Kim, Love,
& Kang, 2013). Bu teknolojinin yeni ve ilgi cekici olmasindan dolayi, egitimde kullanildiginda hem
ogretmenlerin hem de 6grencilerin ilgisini cekebilecegi tahmin edilmektedir. Bu nedenle AG’nin nasil bir
teknoloji oldugunun, nasil kullanildiginin, nasil bir teknik altyapiya sahip oldugunun ve egitsel anlamda ne
gibi faydalar sagladiginin bilinmesi 6nemlidir.

AG’nin yorumlama, c¢ok yonli disiinme, problem ¢ézme, bilgi yonetimi, takim galismasi, esneklik,
mesguliyet ve farkh bakis agilarini kabul etme gibi 21. ylzyil becerilerini gelistirmeye yonelik bir potansiyele
sahip olmasi (Schrier, 2006), arastirmacilari AG teknolojisine yoneltmistir. Ayrica AG teknolojisi; ses, resim,
yazi, video, animasyon ve (¢ boyutlu (3B) nesne gibi cesitli 6geleri desteklediginden, bu teknolojinin
egitimde kullanimina yénelik arastirmalarin yapiimasinin faydali olabilecegi 6ngérilmektedir. Bu dogrultuda
calismada AG teknolojisi ve egitimde kullanimina yénelik alan yazin taramasi yapilmistir. Bu dogrultuda
AG’nin nasil bir teknoloji oldugu, tarihgesi, géruntileme sistemleri, icerik gelistirmede kullanilan yazilimlar
incelenmistir. Ayrica egitimde hangi alanlarda kullanildigi ve sagladigi kazanimlar ile egitsel faydalari
belirlenmistir.

Artirillmis Gergeklik

AG, gergek diinya ile sanal imgelerin birlestigi, gercek ve sanal nesneler arasinda es zamanli etkilesimin
saglandigi bir teknoloji olarak tanimlanmaktadir (Azuma, 1997). Diger bir deyisle AG; gergek diinyanin kamera
ile goruntusinin alinmasi sirasinda, 6nceden belirlenmis olan hedef noktalara, sanal nesnelerin baglanmasi
ve olusan sonucun programlar vasitasiyla yorumlanarak alinmasidir. icerisinde sanal nesneleri barindirmasi
nedeniyle AG’nin, sanal gerceklik (SG) kavramiyla ayriminin yapilmasi gerekmektedir. SG’ de nesneler sanal
ortamda goriintulenirken, AG’de gercek zaman ve ortamda gériintilenmektedir. Bu 6zelligiyle AG sanal
gergeklikten ayrilmaktadir (Kye & Kim, 2008). Ayni zamanda AG’in, sanal ve gergek diinya arasinda bir kopri
kurabilmesi 6nemli bir 6zellik olarak 6n plana gikmaktadir (Chang, Morreale, & Medicherla, 2010; Lee, 2012).
Bunun yani sira AG’'nin diger teknolojilerden ayrilarak 6n plana ¢ikmasini saglayan l¢ 6nemli ozelligi
bulunmaktadir (Moreno, Macintyre, & Bolter, 2001). Bunlar: (1) sanal ve gercek nesneleri birlestirmesi, (2)
gercek zamanli etkilesim sunmasi, (3) 3B nesnelerin yer almasidir (Azuma, 1997). AG, kullanimi gittikce
yayginlasan ve masalisti ve diz (istli bilgisayarlar, tasinabilir cihaz ile akilli telefonlar gibi farkl platformlarda
kullanilabilen bir teknolojidir (Kirner, Reis, & Kirner, 2012). AG ile gelistirilen uygulamalar 3B nesneler, yazi,
2B resim, video ve animasyon gibi sanal nesnelerin ayri ayri kullanimina izin verirken, bunlarin ayni anda
kullanimini da saglamaktadir (Wang, He, & Dou, 2013). Boylelikle kullanicilar dogal yollarla olaylar, nesneler
ve bilgilerle etkilesime gegebilmektedirler (Wojciechowski, Walczak, White, & Cellary, 2004; Wojciechowski
& Cellary, 2013).

Artirilmis Gergekligin Tarihgesi

AG’nin kdkeni her ne kadar 1950’li yillara kadar dayansa da, bu kavram ilk olarak 1990’ larda, Tom Caudell
tarafindan kullanilmistir. Tom Caudell AG teknolojisini kullanarak ugaklara elektrik kablolarinin yerlestirilmesi
sirasinda calisanlarin yonlendirilmesini saglayan basa monte edilen bir dijital goériintileme sistemi
gelistirmistir (Caudell & Mizell, 1992; Siltanen, 2012). 1994’te Paul Milgram AG’nin zaman iginde gelismesi
ve sanal gerceklige benzer Ozellikler tasimasi nedeniyle bir ucunda gergekligin diger ucunda sanalligin yer
aldigi karma gergeklik olarak adlandirilan bir gergeklik-sanallik stirecini sunmustur (Bkz. Sekil 1) (Cheng & Tsai,
2012; Milgram & Kishino, 1994; Ternier, Klemke, Kalz, van Ulzen, & Specht, 2012). Boylelikle AG’'nin bu
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suregteki karakteristigi belirgin bir sekilde anlasilmistir. 1950’lerden giinimiize kadar AG’nin zaman igindeki
gelisimi Sekil 2’de detayh olarak belirtilmistir.

Karma Gerceklik
<€ O O O O >
Gergek Artirllmg Artirilmig Sanal
Ortam Gerg¢eklik Sanallik Ortam

Sekil 1. Gergeklik-Sanallik Stireci (Uyarlandigi yayin: Milgram & Kishino, 1994).
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laboratuvari “Sanal Gergeklik” i )
olusturmustur. kavramini alana 1999°da Hirokazu Kato

Japonya’da ARToolKit’i
gelistirmistir.

2008°de

Wikitude
ortaya

cikmustir.

kazandirmustir.

Sekil 2. AG’nin tarihsel gelisimi. (Uyarlandidi yayin: Dodsworth, 2010; Yuen, Yaoyuneyong, & Johnson, 2011).

523



Rabia Meryem YILMA?Z, Yiiksel GOKTAS — Cukurova Universitesi Egitim Fakiiltesi Dergisi, 47(2), 2018, 510-537

Kullanilan Teknolojiler

AG uygulamalari kullanilan teknolojilere gore farkli arastirmacilar tarafindan kategorilere ayrilmistir. Johnson,
Levine, Smith ve Stone (2010) ile Pence (2011) marker tabanli uygulamalar ile marker tabanli olmayan
uygulamalar kategorilerini kullanirken, Cheng ve Tsai (2012) AG'yi resim tabanl ve lokasyon tabanli uygulamalar
olarak kategorilendirmislerdir. Marker tabanh uygulamalar, igerisinde markerin yer aldig bir kitapgik, markerdaki
bilgiyi dijital veriye donistliren bir aygit ve dijital veriyi 3B gosteren bir ekrandan meydana gelen 3 temel
bilesenden olusmaktadir. Marker tabanh olmayan uygulamalar da ise bunlarin yerine GPS’in (Global Positioning
System) kullanildigi izleme sistemleri, bir alan ve resim tanilayici cihazlardan olusan 3 bilesen kullaniimaktadir
(Johnson vd., 2010). Temelinde marker tabanli uygulamalarin yer aldigi resim tabanh AG, marker gorintisiiniin
bir Web kamera veya mobil cihazlar araciligiyla alinarak AG goriintileme yazilimlari sayesinde 3B nesnelere
donustlrilmesini saglayan uygulamalardir (Bkz. Sekil 3).

\‘@,—\Neb Kamera

Mark

Sekil 3. Marker/Resim Tabanl AG Uygulamasi

Marker tabanli AG’'nin aksine marker tabanli olmayan uygulamalar lokasyonu tanimlamada mobil cihazlarin
kablosuz ag ve GPS gibi 6zelliklerinden yararlanmaktadir. Belirlenen lokasyonlara sanal nesnelerin eklenmesiyle
AG olusturulmaktadir (Bkz. Sekil 4).
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Gergek Ortam Sanal Bilgi

Sekil 4. Marker Tabanh Olmayan/Lokasyon Tabanli AG

Resim tabanli ve lokasyon tabanlh AG uygulamalari karsilastirildiginda her iki uygulamanin benzer ve farkl
ozelliklerinin oldugu goralmustiar. Bu iki uygulamayi birbirinden ayiran temel farklilik; resim tabanli
uygulamalarda tanilayici olarak resim ve grafiklerin, lokasyon tabanli uygulamalarda GPS ya da kablosuz aglarin

kullanilmasidir. Ortak 6zellikleri ise yazi, ses, video, 3B model gibi sanal nesnelerin her iki uygulamada da yer
almasidir (Bkz. Sekil 5).

Tanilayic1 Teknik

Sanalnesneler

GPS
Kablosuz Ag

Resim tabanh AG Lokasyon tabanh AG

Sekil 5. Resim Tabanli ve Lokasyon Tabanli AG Uygulamalarinin Karsilastirilmasi. Uyarlandigi yayin. (Cheng &
Tsai, 2012).
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Artirllmis Gergeklikte Kullanilan Goriintiileme Sistemleri

AG uygulamasinda gergek diinya lzerinde sanal nesnelerin goriintilenmesini saglayan tasinabilir cihazlar,
bilgisayarlar, giris ve ¢ikis cihazlari gibi temel aygitlar 6zel gériintileme sistemleri olarak kullaniimaktadir (Bkz.
Sekil 6). Bu sistemlerden biri olan basa monte edilen gériintiileme sistemleri (Head Mounted Displays), cihazin
basa yerlestirilmesiyle goz lizerine denk gelen optik gorintileyiciler yardimiyla nesnelerin gérintilenmesini
saglamaktadir. Bu durum ¢ogu zaman o6zel gozlikler araciligiyla da saglanabilmektedir. Bir diger sistem olan
tasinabilir gorintileme sistemleri (Handheld Displays) bireylerin ellerinde tasiyabildikleri kigik cihazlar
araciligiyla nesnelerin goruntilenmesini saglamaktadir. Ayrica uzamsal goriintileme sistemleri (Spatial
Projection Displays) video projektorleri, optik elementler ve hologramlari kullanmaktadir (Kesim & Ozarslan,
2012). Ancak goriuntilerin sagladigi gergeklik hissi kullanilan sisteme gore farklilik gosterebilmektedir (Serio,
Ibafiez, & Kloos, 2013).

Basa monte edilen goriintiileme
sistemleri

Tasinabilir gorlintileme sistemleri ==

Uzamsal goriintileme sistemleri

Sekil 6. AG Goriintileme Sistemleri. Uyarlandigi yayin. (Bimber & Raskar, 2004).

Artirilmis Gergeklikte Kullanilan Bazi Yazilimlar

AG uygulamalarinin olusturulabilmesi icin 6zel yazilimlara ihtiya¢ duyulmaktadir. Bu yazilimlar bilgisayar ve
tasinabilir cihazlar igin farkli olmakla birlikte kullanicilarin yazarlik araglarini kullanma seviyesi ve programlama
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bilgisine gore cesitlilik gostermektedir. Schmalstieg, Langlotz ve Billinghurst (2011) tasinabilir cihazlar ve
masaistu icin mevcut yazilimlari alt diizey/Ust dizey ve programlama bilgisi gerektiren/gerektirmeyen olmak
Uzere kategorilere ayirmistir (Bkz. Tablo 1). Bunlarin yani sira Daqri Ar-media, MixAR ZooBurst, FLARtoolkit,
MRToolkit, Junaio, Metaio, Aurasma ve Layar kullanilan diger yazihmlardan bazilaridir (DePriest, 2012;
Schmalstieg vd., 2011; Wang vd., 2013; Yuen vd., 2011).

Tablo 1.
AG Uygulamalarinda Kullanilan Bazi Yazilimlar

Programlama bilgisi gerektiren Programlama bilgisi gerektirmeye
S ARToolkit DART
i Alt diizey
= arTag ComposAR
S . Studierstube AMIRE
2 Ust diizey '
0sgART BuildAR
. Studierstube Tracker
= Alt diizey . . Python
2 ARToolkit for Symbian
= . . Studierstube ES )
Ust diizey FlashLite

M3GE

Artinlmis Gergeklik ve Egitim

AG’de kullanilan yazim ve donanimlarin gelismesiyle birlikte; bu teknoloji eglence, pazarlama, savunma, tip,
muhendislik, psikoloji, reklamcilik gibi pek ¢ok alanda kullanilmaya baslanmistir (Azuma, 1997; Azuma, Baillot,
Behringer, Feiner, Julier, & Maclntyre, 2001; Kirner vd., 2012). AG sahip oldugu ileri teknoloji sayesinde, yapilan
uygulamalar bos bir alandan zengin bir 6grenme deneyimine doniismis (Alcafiz, Contero, Pérez-Lopez, & Ortega,
2010), boylelikle egitim alanindaki kullanimi 6n plana ¢ikmistir. Zira egitimde kullanilan teknolojik araglarin
bireylerin etkilesimini artirmak ve eglenerek 6grenmeyi saglamak igin yeni firsatlar sundugu, 6grenme siirecini
daha aktif, etkili ve anlamli kildigi belirtilmektedir (Alsumait & Musawi, 2013; Nischelwitzer, Lenz, Searle, &
Holzinger, 2007; Sumadio & Rambli, 2010). AG teknolojisi de Ozellikle sanal ve gercek nesnelerle birlikte
etkilesime girmeye olanak tanimasi, yaparak yasayarak 6grenmeyi saglamasi, dikkati ve motivasyonu artirmasi
ozellikleriyle egitimde dikkatleri Gzerine ¢cekmistir (Singhal, Bagga, Goyal, & Saxena, 2012).

Sanal ortamlar her ne kadar zengin icerik ve etkilesim sunsa da, bu ortamlardaki temel eksiklik gercekligin
bulunmamasidir. Bu durum bireylerin bilissel gelisimlerine olumsuz yénde etki edebilmektedir (Vygotsky, 1986).
Bu problemin giderilmesinde AG teknolojisinin ¢6ziim olabilecegi distinilmektedir. Bu dogrultuda arastirmacilar
AG’nin okullarda en iyi sekilde nasil uygulanabilecegi konusuna odaklanmislardir (Sumadio & Rambli, 2010).
Burada 6nemli olan nokta mifredata uygunluk, 6grenme sirecinin dengeli yiritilmesi ve etkili etkilesimlerin
olusturulmasidir (Hsiao, Chen & Huang, 2010). AG dogal bilimler (kimya, fizik, biyoloji, astroloji vb.), bilgisayar ve
bilgi bilimleri, matematik, mihendislik (mekanik, elektrik, biyomedikal vb.) ve insani bilimlerde (tarih, dil,
antropoloji vb.) de uygulanmaktadir (Wojciechowski & Cellary, 2013). Egitimde AG’nin Ozellikle; gbzle gorilmesi
miUmkin olmayan nesne ve olaylarin 6gretimi, tehlikeli durumlarin gosterilmesi, soyut kavramlarin
somutlastiriimasi ve karmasik bilgilerin sunulmasi durumlarinda kullaniminin daha etkili olabilecegi
disunulmektedir (Huang, Chen, & Chou, 2016). Walczak vd., 2006).

AG egitimde kullanildiginda pek ¢ok fayda sunmakta ve egitsel kazanimlari da beraberinde getirmektedir.
Ayrica sahip oldugu 6zellikler sayesinde egitimin hemen her kademesinde kullanilabilmektedir (Akcayir, Akcayir,
Pektas, & Ocak, 2016). AG, zengin etkilesim sunarken (Azuma, 2004), dogal bir deneyim saglamakta, dikkati ve
motivasyonu artirmaktadir (O’Brien & Toms, 2005; Squire vd., 2008). Ayrica yorumlama, problem ¢ézme (Schrier,
2006), yaratici disinme becerisini artirmakta (lvanova & lvanov, 2011) ve 6grencilere esneklik saglamaktadir
(Schrier, 2006). Egitime uygun bir sekilde entegre edildiginde otantik 6grenme, durumsal 6grenme ve
yapilandirmaci 6grenme gibi 6grenme yaklasimlarini da destekleyebilmektedir (Johnson, Smith, Willis, Levine, &
Haywood, 2011; Kirner vd., 2012; Wojciechowski & Cellary, 2013; Yuen vd., 2011). Bunlarin yani sira AG’nin
egitimde kullaniminin sagladigi faydalar, elde edilen kazanimlar ve destekledigi 6grenme yaklasimlari Tablo 2’de
detayl bir sekilde sunulmustur.
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Tablo 2. AG’nin Sagladigi Egitsel Faydalar, Desteklenen Odrenme Yaklasimlari ve Elde Edilebilen Kazanimlar

Gergeklik hissi saglama

Lin & Wang (2012)

Dogal deneyim sunma

O’Brien & Toms (2005); Sumadio & Rambli (2010)

EE Karmasik iliskileri gorsellestirme Arvanitis vd. (2007); Wu, Lee, Chang, & Liang (2013)
g Gergek hayatta olmayan deneyimler Wu vd. (2013); Wojciechowski & Cellary (2013)
E Soyut kavramlari somutlagtirma Wojciechowski & Cellary (2013)
] Eglenerek 6grenmeyi saglama Yoon, Elinich, Wang, Steinmeier, & Tucker (2012)
;g Ogrenmede giivenli ortam sunma Li (2010); Aziz, Aziz, Paul, Yusof, & Noor (2012); Wojciechowski & Cellary (2013)
w Zamandan/mekandan tasarruf saglama  Wei, Weng, Liu, & Wang, 2015; Li (2010); Aziz vd. (2012)
Ogrenci katilimini artirma Wojciechowski & Cellary (2013)
Esneklik saglama Schrier (2006)
_ — _Otantik 6grenme ortami sunma Yuen vd. (2011)
fg E E Durumsal 6grenmeyi destekleme Johnson vd. (2011); Wojciechowski & Cellary (2013)
E Z % Yapilandirmaci 6grenme ortami sunma  Kirner vd. (2012)
E 3?5 é Yaparak yasayarak 6grenme sunma Wojciechowski & Cellary (2013)
a © < Sorgulama tabanli aktiviteler saglama Cheng & Tsai (2012);Wojciechowski & Cellary (2013)
Arastirma tabanli 6grenme sunma Yuen vd. (2011)
Dikkati artirma O’Brien & Toms (2005); Sumadio & Rambli (2010); Aziz vd. (2012)
Ogrenmeyi dikkat cekici kilma Dinser&Hornecker(2007);0h&Wo0(2008);Lester vd.(1997);Wojciechowski&Cellary(2013);Zhou,Cheok,&Pan(2004a)
Motivasyonu saglama Wei vd, 2015; O’Brien & Toms (2005); Sumadio & Rambli (2010); Aziz vd. (2012); Serio vd. (2013)
- Etkilesimi saglama Yilmaz (2016); Azuma (2004); Wojciechowslfi & Cellary (2013);.Kerawalla, Luckin, Seljeflot, & Woolard (2006);
< Ivanova & lvanov (2011); Wu vd. (2013); Bujak vd., (2013); Kesim & Ozarslan (2012)
S Anlamayi kolaylastirma Ivanova & Ivanov (2011); Nufiez, Quiros, Nufiez, Carda, & Camahort (2008); Zhou vd. (2004a)
:zt‘ Gergek dlinya deneyimleri saglama Ternier vd. (2012)
g Baglamsal farkindalik yaratma Ivanova & lvanov (2011)
E Mesguliyeti artirma Bujak vd. (2013); Ivanova & lvanov (2011)
@ !(alla 0grenmeyi saglama Ivanova & lvanov (2011)
=) lletisimi artirma Ivanova & lvanov (2011)
E isbirligini artirma Billinghurst (2002); Yuen vd.(2011)
o Yaraticihg harekete gegirme Klopfer & Yoon (2004); Zhou vd. (2004b); Yuen vd.(2011)

Hayal glicini gelistirme

Klopfer & Yoon (2004); Yuen vd.(2011)

Kendi 6grenmelerini kontrol etme

Yuen vd. (2011); Bujak vd. (2013)

Uzamsal yetenegi artirma

Cheng & Tsai (2012); Wojciechowski & Cellary (2013); Bujak vd. (2013)

Problem ¢6zme becerisini artirma

Schrier (2006)
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Her ne kadar AG egitime onemli katkilar saglasa da, hala Ustesinden gelinmesi gereken pek ¢ok problem
bulunmaktadir. Bunlarin basinda AG uygulamalari igin igerik gelistirmenin ve uygulamanin zor olusu gelmektedir.
Ozellikle 3B nesne gelistirmenin teknik bilgi gerektirmesi nedeniyle pek ¢ok 6gretmen ve &grencinin AG'yi
kullanmaya 6n yargil yaklastigi bilinmektedir (Yuen vd., 2011). Ayrica isik, ¢ikti ve gorinti kalitesi gibi dis
faktorlerin uygulamalari olumsuz etkilemesi, bu teknolojinin egitimde etkili kullanilamamasina neden olan diger
problemlerdir. Diger taraftan 6grencilerle ve 6grenme siregleriyle iligkili bazi problemler de s6z konusudur. AG
kullanan 6grenciler zaman zaman ¢ok sayida bilgiyle karsi karsiya gelebilmektedirler. Bu durum onlarin asiri
diizeyde bilissel yliklenmelerine neden olmaktadir. Dahasi, AG kullanan 6grenciler birden fazla cihaz kullanmak
durumunda kalabilmektedirler. Bu da 6grenciler icin uzamsal yoénlendirme yetenegi, isbirligi icinde calisma
becerisi, problem ¢ézme yetenegi ve teknolojiye miidahale edebilme becerisi gerektirmektedir (Wu vd., 2013).
AG’nin beraberinde getirdigi bazi teknik ve pedagojik problemlerin disinda egitsel uygulamalarda sahip oldugu
potansiyel, arastirmacilarin bu alana yonelimini saglamistir. Alan yazinda yapilan ¢alismalar incelendiginde birgok
calismada egitimde AG uygulamalarinin kullanilmasinin 6grenme siirecini olumlu yénde etkiledigi gorulmustur
(Billinghurst vd., 2001; Diinser & Hornecker, 2007; Farias & Dantas, 2011; Kaufmann & Papp, 2006; Kerawalla
vd., 2006; Oh & Woo, 2008).

Alan yazindaki ¢alismalar detayli olarak incelendiginde; mize egitimi AG’nin yaygin olarak kullanildigi bir alan
olarak dikkat ¢ekmektedir. Bu galismalarda mizede tarih 6gretimi (Klopfer, Perry, Squire, Jan, & Steinkuehler,
2005), her zaman her yerde 6grenme uygulamalari igin tasarim prensiplerinin olusturulmasi (Hall & Bannon,
2006), lokasyon temelli mobil uygulamalar (Waite, Kirkley, Pendleton & Turner, 2004) ile kiltirel muize
uygulamalarinin hazirlanmasi (Damala, Cubaud, Bationo, Houlier, & Marchal, 2008) gibi calismalar dikkat
¢cekmistir. Ayrica dinozorlar ve su alti diinyasinin 6gretiminde gercek ortam ve AG uygulamalarinin beraber
verilmesi (Hughes, Smith, Stapleton & Hughes, 2004) konusunda da galismalar yapilmistir.

Tip egitimi yine bu konuda en ¢ok ¢alismanin yapildigi alanlardan biri olmustur. Bu alanda 6zellikle anatomi
egitiminde calismalar yariatilmistir (Blum, Kleeberger, Bichlmeier & Navab, 2012a; Blum, Kleeberger,
Bichlmeier & Navab, 2012b; Kandikonda, 2011). Bu dogrultuda, anatomi egitiminde AG teknolojilerinin
kullanishhgi ve kullanim kolayligi (Thomas, John & Delieu, 2010), kemik yapilarinin 6gretimi (Chien, Chen & Jeng,
2010), geleneksel 6gretimle AG uygulamalarinin karsilastiriimasi (Jan, Noll, Behrends & Albrecht, 2012)
noktalarina odaklaniimistir. Carlson ve Gagnon (2016) AG teknolojisini simiilasyona entegre etmistir. Ornegin ig
ve dis kulak modellemesinin etkililigi (Nicholson, Chalk, Funnell & Daniel, 2006), 6grencilerin 6grenmesine etkileri
ve diger teknolojilerle karsilastirilmasi (Yeom, 2011) gibi konular tizerinde de durulmustur.

Biyoloji egitimi alaninda AG teknolojilerinin barindirdigi faktorlerin 6grenmeye etkilerini belirlemek ve bu
faktorlerin birbiriyle iliskisini ortaya koymak (Kye & Kim, 2008), i¢sel ve dissal motivasyonun teknolojiyi
kullanmaya etkisini belirlemek (Balog & Pribeanu, 2010), ekosistem 6gretiminde etkilesimli AG uygulamasinin
diger bilgisayar destekli ve ylz ylze yontemlerle karsilastirmak (Hsiao vd., 2010), etkilesimli bahce AG
uygulamasiyla bitkilerin blylimesini 6greten uygulama yapmak (Oh & Byun, 2012) ve protein sentezinin AG
uygulamalariyla 6gretiminin 6grenme siirecine katkisini belirlemek (Lau, Oxley & Nayan, 2012) amaciyla
calismalar yiritalmuastdr. Tarng, Ou, Yu, Liou ve Lio (2015) ise AG igerikleri gelistirmis ve bu iceriklerin ilkogretim
ogrencilerinin akademik basarilarina etkisini incelemislerdir.

Fizik alaninda yapilan galismalarda bilimsel fenomenlerin kavramsal anlayisinin gelistirilmesi ve goérsellerle
uyumlu bilgi-yapi iskeletleri bilissel becerileri nasil artirdigl incelenmis (Yoon vd., 2012), elastik carpisma AG
uygulamasi gelistirilerek bilgiyi yapilandirmasina bakilmistir (Lin, Wang, Duh, Tsai & Liang, 2012). Akg¢ayir, Akgayir,
Pektas ve Ocak (2016), AG destekli 6gretim ile geleneksel 6gretimi laboratuvar becerileri agisindan karsilastirmis
ve lisans 6grencilerinin tutumlarini incelemistir. Sumadio ve Rambli (2010) AG teknolojisinin egitimde
kullanighhgini belirlemek Gzere yapmis olduklari galismada lise diizeyinde fizik dersi icin 3 boyutlu materyaller
gelistirerek 6gretmen ve 6grenci gorislerini incelemislerdir.

Kimya alaninda yapilan galismalarda da molekil yapilarini incelemek (Singhal vd., 2012), inorganik kimya
dersinde kristal yapilarinin 3 boyutlu goéstermek (Nufiez vd., 2008), AG ve maket modelleri karsilastirip
ogrencilerin nasil etkilesime girdiklerini belirlemek (Chen, 2006) ve 6grendiklerini inceleme ve motivasyonel
etkileri incelemek (Balog & Pribeanu, 2010) amaciyla ¢alismalar yiratialmastar.

Geometri alaninda yapilan ¢alismalara bakildiginda MARIE adli bir proje ile matematik/geometri alaninda
birden ¢ok 6grencinin cesitli sanal objelerle etkilesime girmeleri saglanmis (Liarokapis, Petridis, Lister, & White,
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2002) ve Kaufmann (2004) tarafindan geometri egitiminde mobil AG uygulamasi gelistirilmistir. Diger yandan alan
yazinda AG ile 6gretmen-6grenci arasinda etkilesimin saglandig isbirlikli matematik/geometri 6grenme deneyimi
sunan bir ¢alisma (Kaufmann & Schmalstieg, 2003) ve StudierStube adli bir proje (Schmalstieg vd., 2002)
yurattlmastir. Lin, Chen ve Chang (2015) AG destekli 6grenmeyle geleneksel 6grenmeyi Geometri alaninda
karsilagtirmistir.

Astronomi alaninda ise dinya ve guines iliskisinde dénme/devir, giin dénimi/ekinoks, sicakhgin ve isigin
mevsimsel degisimi gibi konularin anlasiimasi icin uygulanan AG uygulamasi gelistirilmis (Shelton & Hedley, 2002)
ve uzay hakkinda bilgi edinme amagh uygulamalar yapilmistir (O'Shea, 2008). Ayrica alan yazinda astronomi
Ogretiminde etkilesimli bir AG uygulamasi gelistirme ve degerlendirme ¢alismasi da gorilmistir (Kien-Sin &
Zaman, 2010).

Alan yazinda incelenen diger bir konu olarak hikdye olusturma etkinlikleri 6n plana ¢ikmistir (Diinser, 2008;
Diinser & Hornecker, 2007; McKenzie & Darnell, 2004; Saso, Iguchi & Inakage, 2003; Zhou vd., 2004b). MagicBook
adli proje ile yazi, resim ve 3 boyutlu nesneleri igeren AG teknolojisinin bulundugu kitap gelistirilmis (Billinghurst
vd., 2001) ve bu ilging yaklasim egitimde ilk AG uygulamasi olarak kabul edilmistir. Cheng ve Tsai (2014) ise AG
destekli kitaplarla gocuklarin ve ebeveynlerinin etkilesimlerini incelemistir.

Tim bu galismalara ek olarak miihendislik egitimi, engelli egitimi ve kiltlrel bilgilerin 6gretiminde AG
teknolojilerinin kullanildigi goralmistir. Muahendislik egitiminde malzemelerin 6gretiminde (Liarokapis vd.,
2004), engelli egitiminde hiperaktivite bozuklugu ve dikkat daginikligi olan bireylerin 6grenmelerinde (Aziz vd.,
2012) ve kdltirel bilgilerin 6gretiminde (Ha, Lee & Woo, 2011) kullanilmistir.

Sonug ve Tartisma

Bu galismada AG teknolojisi ve egitimde kullanimina yonelik alan yazin taramasi yapilmistir. Sonug olarak
kokeni 195Q°li yillara kadar dayanan AG’nin ginimuizde kullanimi gittikce yayginlasan, masaisti, diz Gsti
bilgisayarlar, tasinabilir cihaz ile akilli telefonlar gibi farkh platformlarda kullanilabilen bir teknoloji oldugu ortaya
cikmustir (Kirner vd., 2012). Ayrica sanal ve gercek nesneleri birlestirmesi, gercek zamanli etkilesim sunmasi ve 3B
nesnelerin yer almasi 6zellikleriyle diger teknolojilerden ayrilarak 6n plana ¢iktigl gérilmustir (Azuma, 1997;
Moreno vd., 2001).

Alan yazinda marker tabanl ve marker tabanli olmayan uygulamalar ile resim tabanli ve lokasyon tabanli
uygulamalar olarak kategorilendirilen bu teknolojinin (Cheng & Tsai, 2012; Johnson vd., 2010; Pence, 2011), basa
monte edilen (Head Mounted Displays), tasinabilir (Handheld Displays) ve uzamsal (Spatial Projection Displays)
olmak Uzere farkli gériintileme sistemleri kullanildigi belirlenmistir. Her bir sistemin sagladigi gergeklik hissinin
farklilik gosterebildigi dikkat cekmistir (Serio vd., 2013). Ayrica tasinabilir cihazlar ve masaustu bilgisayarlar igerik
gelistirmede kullanilan yazilimlar incelenmistir. Arastirmacilar mevcut yazihmlar alt dizey/ust diizey ve
programlama bilgisi gerektiren/gerektirmeyen olmak tzere kategorilere ayirmislardir (Schmalstieg vd., 2011). Bu
yazimlardan dikkat ¢ekenleri ARToolkit, DART, ComposAR, BuildAR, Studierstube, FlashLite, Daqri Ar-media,
MixAR ZooBurst, FLARtoolkit, MRToolkit, Junaio, Metaio, Aurasma ve Layar’dir.

AG teknolojisinin kullanildigi alanlar incelendiginde bu teknolojinin eglence, pazarlama, savunma, tip,
muhendislik, psikoloji, reklamcilik ve egitim gibi pek ¢ok alanda yayginlastigi gorilmustir. Bu teknoloji dogal
bilimler (kimya, fizik, biyoloji, astroloji vb.), bilgisayar ve bilgi bilimleri, matematik, miihendislik (mekanik, elektrik,
biyomedikal vb.) ve insani bilimlerde (tarih, dil, antropoloji vb.) de uygulanmaktadir (Wojciechowski & Cellary,
2013). Ozellikle tip, biyoloiji, fizik, kimya, geometri egitiminde, astronomide ve miizelerde, hikdye olusturma
etkinliklerinde, kultlrel bilgilerin 6gretiminde, mihendislik ve engelli egitiminde etkili bir sekilde kullanildig
ortaya ¢ikmistir. Bu alanlarda 6zellikle gézle gorilmesi mimkin olmayan nesne ve olaylarin 6gretimi, tehlikeli
durumlarin gosterilmesi, soyut kavramlarin somutlastiriimasi, karmasanin ¢ok oldugu bilgi diizeylerinin sunulmasi
gibi durumlarda kullanildigi belirlenmistir (Walczak vd., 2006).

Alan yazindaki galismalar detayli olarak incelendiginde AG’nin gerceklik hissi saglama, dogal deneyim sunma,
karmasik iliskileri gorsellestirme, gercek hayatta yapilmasi miimkin olmayan deneyimler sunma ve soyut
kavramlari somutlastirma gibi faydalar sagladigi gorilmustir (Arvanitis vd., 2007; Lin & Wang, 2012; O’Brien &
Toms, 2005; Sumadio & Rambli, 2010; Wojciechowski & Cellary, 2013; Wu vd., 2013). Ayrica egitimcilere
yapilandirmaci ve otantik 6grenme ortami sunma, durumsal ve yaparak yasayarak 6grenmeyi destekleyen bir
ortam sundugu belirlenmistir (Johnson vd., 2011; Kirner vd., 2012; Wojciechowski & Cellary, 2013; Yuen vd.,
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2011). Diger taraftan etkili 6grenmeyi destekleme, dikkati artirma, 6grenmeyi dikkat c¢ekici ve etkili kilma,
motivasyonu saglama ve zengin etkilesimi saglama gibi kazanimlari da beraberinde getirdigi ortaya ¢ikariimistir
(Aziz vd., 2012; Bujak vd., 2013; Diinser & Hornecker, 2007; O’Brien & Toms, 2005; Oh &Woo, 2008; Serio vd.,
2013; Sumadio & Rambli, 2010; Wojciechowski & Cellary, 2013).

Sanal ortamlar her ne kadar ¢ocuklara zengin etkilesim sunsa da, yasanan en 6nemli problem gercek ortam
eksikligidir. Ozellikle gergek ortam eksikliginin, cocuklarin erken bilissel gelisimlerine olumsuz etki eden &nemli
unsurlardan biri oldugu bilinmektedir (Vygotsky, 1986). Bu noktada AG’nin sanal ve gercek ortami birlikte sunma
ozelligi bu eksikligi gidermede etkili bir rol oynayabilir. Bu dogrultuda arastirmacilar AG’nin okullarda en iyi sekilde
nasil uygulanabilecegi konusuna odaklanmislardir (Sumadio & Rambli, 2010). Burada 6nemli olan nokta AG’nin
okullarda yiritilen mufredata uygun olmasi, 6§renme siirecine uygun saglanmasi ve mifredatlar tasarlanirken
etkili etkilesimlerin olusturulmasidir (Hsiao vd., 2010). Bunun igin AG ile desteklenmis etkinliklerin okullarda
uygulanmasinin, bu teknolojinin egitime entegrasyonuna katki saglayacagi distiniiimektedir.

Oneriler

Calismada yapilan alan yazin taramasi sonucu asagidaki éneriler sunulmustur:

e  Marker tabanli olmayan uygulamalar daha fazla gergeklik hissi sagladigindan bu uygulamalarin egitimde
kullanimi yayginlastirilabilir.

e Basa monte edilen goriintiileme sistemleri yliksek maliyet gerektirdiginden, gorintileyici olarak yaygin
kullanima sahip tasinabilir ve uzamsal goriintiileme sistemleri tercih edilebilir.

e AG teknolojileri ile egitsel uygulamalar hazirlanirken uygun yazilimin secilmesine ve teknik alt yapinin
saglanmasina dikkat edilmelidir.

e AGileigerik gelistirirken kullanilan yazilimin dikkatli segilmesi uygulamanin kalitesini etkilemektedir. Bu
dogrultuda gelistirmeye baslamadan once birden fazla yazilimi deneyip sonrasinda igerik gelistirmek
faydali olabilir.

e AG uygulamalariisik, ¢ikti kalitesi, kamera 6zellikleri gibi fiziksel etmenlerden olumsuz etkilenmektedir.
Bu sebeple bu etmenlerin etkisinin en aza indirilmesi icin 6nlem alinmaldir.

e Bu teknolojinin egitim alaninda yayginlasabilmesi icin okullara gerekli teknik alt yapi destegi saglanip,
o6gretmenlere hizmet ici egitimler verilebilir.

e AG teknolojilerinin hangi 6grenme yaklagimlari/6gretim yontemleriyle daha etkili kullanilabilecegine
yonelik calismalar yuratdlebilir.

e AG teknolojisinin 6grenme ortamlarinda kullanilabilirligine yonelik calismalar yaritilebilir.
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