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Highlights Abstract

e Augmented reality used in music education This study aims to examine the studies scanned in Web of Science
studies scanned Wos and Scopus from 2006 to  and Scopus databases between 2006-2020 on the use of augmented
2020 was examined. reality applications in music education in terms of their descriptive

features, methodological features, and outcomes, and to reveal the

trends in this field. The criterion sample approach was utilized in this
qualitative study, and 35 selected studies were reviewed using the
publication classification form and analyzed using the content
analysis method. The descriptive and methodological feature data

e It was concluded that AR applications used in  \ere translated into frequency values using the SPSS 22 program and
music education accelerated learning, enabled  then interpreted using tables and charts for easy comprehension.
to be more effective and enjoyable than Furthermore, the advantages and limitations of AR applications
traditional methods. utilized in music education, which were the research's outputs, were

coded, organized into relevant categories, and interpreted. The

results showed that most studies focused on piano and guitar
education for beginners; no studies were undertaken on wind
instruments or voice training. Studies, particularly in recent years,
have focused on user experience research. Furthermore, it was found
that AR applications have the advantages of increasing and
facilitating student learning performance, making learning exciting
and fun, and providing motivation. Some challenges during use,
Keywords: Music Education, Instrument owing to technical issues and limited field content in the programs,
Education, Augmented Reality, Education 4.0 resulted in limited improvements in music education.

e The studies utilizing AR technology were
primarily focused on instrument education, in
particular, piano and guitar training for
beginner students.

Article Info: Research Article

1. Introduction

The long-practiced rote-learning-based education system has evolved into one that aspires to educate
individuals who think, reason, question, create, and experience in today's fast-paced technological
environment. This new education system, Education 4.0, is integrated with Industry 4.0, which is an
industrial revolution that enabled human-object interaction in the twenty-first century using cutting-edge
technologies such as the Internet of Things (IoT), artificial intelligence, augmented reality, and virtual
reality (Dogan & Baloglu, 2020; Gorgiin, 2017). In this regard, it can be understood that "Education 4.0,"
which means the realization of digital transformation in education, is an innovation-based process in which
teaching methods and techniques are integrated with technological developments and visualized
educational teaching tools are extensively used (Oztemel, 2018). This education system, which allows
personalized education, is aimed at cultivating innovative generations who can keep up with technological
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developments and use them as educational materials, learn creatively and based on exploration, and make
this knowledge permanent. These new technologies that have emerged in recent years and are starting to
be used in education have an impact on the comprehension of knowledge, the ability to experience
comprehended knowledge, and the permanence of learning, as they are based on visual and auditory
learning. "Augmented reality (AR)," which consists of a combination of real-world and 3D images in the
virtual world, is one of these new technologies that have become incorporated into the daily lives of the
new generation via mobile devices and computers.

AR technology is used in many fields, including the military, medicine, engineering, architecture, tourism,
and trade (Abdiisselam, 2016; Billinghurst et al., 2015; Somytirek, 2014) due to its attractive features,
including visual richness (I¢ten & Bal, 2017a), 3D content, the ability to make abstract concepts concrete
(Abdiisselam, 2014; Wojciechowski & Cellary, 2013), and the ability to safely teach potentially dangerous
situations through simulation (Wojciechowski & Cellary, 2013). In addition to these fields, a great number
of significant studies indicate that AR applications are also used in educational fields such as natural
sciences (biology, physics, chemistry), mathematics, language teaching, geography, history, and art,
particularly in recent years (Abdiisselam, 2014; Bacca et al., 2014; Bower et al., 2014; Challenor & Ma,
2019; Cheng & Tsai, 2013; Chitaniuc & Iftene, 2018; Erbas & Atherton, 2020; Redondo et al., 2020; Saidin
et al., 2015; Sirakaya & Alsancak Sirakaya, 2018; Yilmaz & Goktas, 2018). Through AR technology,
students can concretely explore objects as they interact with real and virtual environments. This enables
them to learn complex concepts easily and improve their skills (Kirner et al., 2012).

Educational research studies have shown that AR applications can increase students' success and motivation
(Bacca et al., 2014; Chiang, Yang, & Hwang, 2014; Di Serio et al., 2013; Holley, Hobbs, & Menown,
2016), encourage collaborative learning (Ke & Hsu, 2015; Martin-Gutiérrez et al., 2015), and increase
students' interest (Somyiirek, 2014; Tomi & Rambli, 2013). Due to these advantages, AR technology, which
has become widespread in the educational fields mentioned above, has also been introduced in music
education, and related studies have been increasing. Upon reviewing the literature, it is seen that some of
the studies using AR technology in the field of music are related to the development of applications for fun
and game-based learning (Herrero et al., 2015; Zhou et al., 2004) and instrument design (Chouvatut &
Jindaluang, 2013; Zhaparov & Assanov, 2014). However, throughout the last decade, research using this
new technology has been linked to the theoretical and instrumental components of music education. As a
result, the AR applications investigated in this work are related to the educational use of music.

This study consists of eight sections and is structured as follows: Section II describes the literature related
to the theoretical framework of AR technology and its properties. Section III reveals related studies and the
gap in the field. Section I'V consists of the purpose of the study and presents the research questions. Section
V describes the methodology, including the research design, research sample, data collection, data analysis,
and validity and reliability. Section VI presents the results, discusses the findings concerning the literature,
Section VII consists of conclusions and finally, Section VIII presents suggestions and future work.

2. What is Augmented Reality?

Zhou, Duh & Billinghurst (2008) define Augmented Reality (AR) as ““a technology which allows computer-
generated virtual imagery to exactly overlay physical objects in real-time” (p.193). According to (Azuma
(1997), an augmented reality pioneer who performed early work in this area (URL-1), the significant
features of AR include the combination of virtual objects in the real world and real-time interaction with
3D objects. Computer-generated images are mixed with real-world images and displayed on mobile devices
(smartphones and tablets), desktops or laptops, or head-mounted displays (HMDs) as if they were part of
the same scene.

It is essential to distinguish between augmented and virtual reality concepts, which are the newest
technologies of today's world and are frequently mentioned. While virtual reality is a computer-simulated
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virtual environment that entirely separates the user from the real world and provides them with a three-
dimensional, interactive, and truly immersive experience (Scales, 2018; Somyiirek, 2014), augmented
reality complements and enriches the existing reality by adding computer-generated virtual factors to a real
environment (Azuma, 1997; Ma & Choi, 2007). Milgram, Takemura, Utsumi & Kishino (1995) explained
the concept of mixed reality (MR), which includes the combination of real and virtual environments, using
the reality-virtuality continuum (see Figure 1) to better understand these two concepts. Accordingly, mixed
reality can be located at any point on this continuum and combines real-world and virtual-world objects
and brings them together on the same screen. Thus, it involves both augmented reality and augmented
virtuality (Cheng & Tsai, 2013; Milgram & Kishino, 1994). In brief, mixed reality consists of augmented
reality and augmented virtuality (Craig, 2013).

The real and virtual environments are placed at opposite ends of the reality-virtuality continuum, and it can
be seen that augmented reality (AR) is close to the real environment, while augmented virtuality (AV) is
close to the virtual environment (Milgram & Kishino, 1994). This can be described by adding virtual objects
to a real-world environment in AR and enriching a virtual environment in AV through interaction with real-
world elements. In terms of the reality-virtuality continuum, augmented reality can be defined as a sort of
mixed reality in which the contents of the real and virtual environments can interact with one another
(Bower, Howe, McCredie, Robinson & Grover, 2014; Hughes & Stapleton, 2005).

Fig. 1. Reality-Virtuality (RV) continuum (Milgram et al., 1995, p. 283)
2.1. History of Augmented Reality

Upon reviewing the literature, it can be seen that the first steps toward augmented reality technology were
taken with the "Sensorama" simulator (which had 3D screens and could produce wind, smell, and
vibrations) developed by Morton Heilig in the 1950s, which is considered the first study in the creation of
a virtual reality system (Akbas & Giingor, 2017; Yuen et al., 2011). The "Sword of Damocles," developed
by Ivan Sutherland (a professor at Harvard University) in 1968, is considered the first AR prototype and
the first head-mounted display (URL-2). Wearable devices developed by Steve Mann in the 1980s began
to influence the future of AR (Mann, 1997; URL-2). In the early 1990s, scientists Thomas Caudell and
David Mizell, who were involved in a project at the aircraft manufacturer Boeing, developed an AR
application that showed the assembly of cables and introduced the term "augmented reality" to the field for
the first time. In the mid-1990s, research on the essential technologies for AR (e.g., tracking, visualization,
and interaction) accelerated, and various application areas were explored (Billinghurst et al., 2015; Caudell
& Mizell, 1992; Cheng & Tsai, 2013). In 1999, Hirokazu Kato developed ARToolkit, a tracking library
that follows the user's viewpoint and enables interaction with real objects, which was released as open
source in 2000. This library became the most widely used application to enable people to develop AR
applications (Billinghurst et al., 2015; URL-3). In 2000, the first outdoor AR mobile game, "ARQuake,"
was developed. Thus, AR technology began to be used in the gaming industry, and in 2016, the popular
AR game "Pokemon Go" was released worldwide (URL-2). In 2009, Mistry et al. developed a new wearable
AR project called "Sixth Sense," which enhances the real world with digital information and allows users
to interact with it using hand gestures. This system, connected to a mobile device, allows the user to project
digital information onto any surface (e.g., table, wall) and manipulate it using hand gestures like a
touchscreen device, such as zooming in and out, rotating, and panning. The system could detect symbols
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drawn in the air by the user's hand and launch the corresponding application. For instance, if the user drew
the @ symbol in the air, the system would open the mailbox (Mistry et al., 2009; URL-4). In the same year,
AR became more widely recognized than virtual reality due to its availability through web browsers for the
first time, the emergence of smartphone-based applications, and its use in commercial fields, which was a
milestone for AR technology (Billinghurst et al., 2015). In 2012, AR glasses called "Google Glass," which
could connect to smartphones via Bluetooth or WiFi were released on the market. These AR glasses, which
had a touchpad on the side and could be controlled by voice commands, had certain features that could be
done with a phone, such as taking photos, making video calls, playing videos, and working with the Google
search engine. However, the glasses failed to meet expectations and were unsuccessful due to their privacy
and security vulnerabilities and the potential for harm to eye health (Altinpulluk & Kesim, 2015; URL-5).
In 2016, Microsoft introduced the "Hololens," a project that Alex Kipman had worked on for many years.
Hololens, a type of AR smart glasses that provide a mixed reality experience, is described as the technology
of the future. Unlike Google Glass, it enables users to perform a variety of tasks and gain a variety of
experiences through holograms by combining the physical and digital worlds (people, places, and objects)
into one, enabling seamless interaction between humans and computers (Altinpulluk & Kesim, 2015;
Poetker, 2019; Tripathi et al., 2017). Hololens, which brought a new dimension to AR technology and was
the first version of the product, was further developed in 2019 and released as Hololens 2 (URL-2), which
is still in use. Work on the latest version, Hololens 3, is ongoing (URL-6).

As AR technology becomes more popular, several software development kits (SDKs) that make it easier to
design augmented reality apps are being developed. AR is becoming more widespread in our daily lives
through mobile and social media applications such as Snapchat (e.g., Facebook and Instagram). The
timeline in Figure 2 depicts a history of the significant changes in AR technology mentioned above.

“Sensorama”. “ARQuake”. “Microsoft
The first 3D simulator The first Hololens-17"
created by Morton outdoor AR ‘An AR
Heilig. mobile game. Head
Mounted AR in al
Wearable “Augmented Google Display o SOClda
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Fig. 2. History of AR
2.2. Components of Augmented Reality

AR technology contains text, images, video, animation, sound files, and 3D objects (Suwichai, 2014). It
also motivates users by attracting their attention with its striking visual and auditory features (Tolentino et
al., 2009). In AR technology, two main methods combine the real and virtual worlds, which are optical and
video-based (Azuma, 1997). In the optical-based method, virtual images created by a computer are
superimposed on the real world through glasses. In the video-based method, images of the real world
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captured through devices such as tablets or smartphones are combined with virtual images by a computer
and displayed on the screen (Somytirek, 2014). In brief, whether it is optical-based or video-based, a device
(e.g., tablet, smartphone, AR glasses) is needed to display virtual objects in the real world. Three main
elements are required to implement AR technology: hardware, software (Craig, 2013), and
tracking/markers (Phan & Choo, 2010).

Hardware: The hardware of augmented reality systems consists of at least three components: sensors,
processors, and displays. Sensors detect data from the real world. Processors analyze sensor input, execute
AR application tasks, and provide appropriate signals for display. Displays process all processors' signals
to integrate the virtual and real worlds. This convinces users that the virtual items in the scenes they view
on computers, tablets, smartphone screens, head-mounted displays, or AR glasses exist in the real world
(Craig, 2013).

Software: Software enables the hardware to perform a task. These software programs not only run AR
applications but can also create or generate content for AR applications (Craig, 2013). Several software
development kits (SDKs) are available for developing AR applications, including ARToolkit, Vuforia, and
Aurasma, among the most widely used and free software development tools. In addition, programs such as
Unity3D and Google SketchUp can design 3D models compatible with the SDKs for 3D objects in AR
applications (Igten & Bal, 2017b).

Tracking / Markers: Tracking is one of the most critical components of AR systems, as it enables the correct
positioning of virtual objects in the correct location. In an AR system, markers are used to track the user's
point of view and display virtual objects in the real world (Phan & Choo, 2010). Markers are tools that
combine the real and virtual environments by being detected by cameras and allowing interaction between
the two (Igten & Bal, 2017a; Siinger & Cankaya, 2019). Wojciechowski & Cellary (2013) have classified
AR applications as marker-based, markerless-based, and location-based. In marker-based applications,
specially designed colored or black-and-white patterned images, called markers, are placed in the real
environment, and the AR application can easily recognize them through the camera (Altinpulluk, 2018;
Craig, 2013). These markers are used to display 3D objects in the real world. The most widely used markers
are Quick Response (QR) codes (Cheng & Tsai, 2013; Figueiredo et al., 2014). In markerless-based AR
applications, image recognition is performed through the camera using the natural properties of physical
objects instead of markers placed in the environment. In location-based applications, the location of mobile
devices is recorded using GPS, and real-time information related to the geographic location is provided to
users (Altinpulluk, 2018; Cheng & Tsai, 2013; Wojciechowski & Cellary, 2013). The AR application
process can be summarized as follows:

The user sends the image to the AR software by directing the camera toward the marker. The AR software
recognizes the marker, creates a 3D image, and then combines the 3D image with the real image captured
by the camera. These two images, which are merged in reality and virtually, are visible on the user's
computer, tablet, or smartphone screen, and thus, the AR effect occurs. (Martins et al., 2015).

3. Related Studies and the Gap in the Field

When the literature was examined, it was seen that there are a significant number of content analysis studies
on the use of AR in education, and according to the results of these studies, the most common educational
fields were science, mathematics, foreign language, and social science (Altinpulluk, 2019; Bacca et al.,
2014; Chen et al., 2017; Fidan & Tuncel, 2018; Kara, 2018; Sirakaya & Alsancak Sirakaya, 2018). In music
education, a limited number of studies have examined the use of this new technology. Turchet et al. (2021)
examined 199 current studies published in the last ten years that introduced Expanded Reality (XR), which
is a combination of VR, AR, AV, and MR, defined Musical XR, and brought together various application
areas (e.g. composition, education, performance, sound engineering) related to Music and XR. These
studies, which cover technological, artistic, perceptual, and methodological fields, were analyzed according
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to the categories of research type, main functions, target users, social experience, and connectivity. Based
on the results, in XR technology, application studies were more numerous than theoretical ones focused on
VR technology. In addition, the most studied areas were performance and music education. In musical
performance, VR applications were most commonly used within Expanded Reality (XR) technology, while
AR applications were most commonly used in music education. In a study by Serafin et al. (2017), examples
of virtual reality applications were given. It was emphasized that these applications could be an alternative
to children acquiring musical skills. In addition, the potential contributions of AR applications to music
education were also mentioned. Another study (Yang, 2020) is about modern technologies (e.g., video-
based e-learning, computer software, MIDI) applied in piano education. The features of several AR
applications (e.g., Vicon Mx 3D Project, AR Piano System, Keynvision, and Andantino) among these
modern technologies were introduced, and the effectiveness and limitations of these applications in music
education and instrument training were discussed. In a review study by Kalkanoglu (2020), five augmented
reality applications (Piano 3D-AR, Guitar 3D-AR, Tonic-AR, Note Blast, and Music.iLuv) designed for
music education on the IOS mobile operating system were introduced, and the advantages and
disadvantages of these applications were discussed.

As seen in the examples given above, it can be understood that the review studies involve other dimensions
of the music field (e.g. composition, performance, sound engineering), in addition to education, either by
examining AR technology together with other modern technologies or by introducing AR applications that
exist in the music field. In this regard, no research has been found that comprehensively examines studies
focused on augmented reality technology specifically in “music education”.

This research, which examines the studies that have been conducted thus far regarding the current subject,
is considered important in terms of determining general trends in research topics and methods used,
revealing the advantages and limitations of the AR technology applied, and guiding researchers who will
work in the field by directing future studies according to the results obtained. Therefore, this study will fill
the gap in the literature by analyzing the studies on the use of augmented reality technology in music
education.

4. Purpose of the Study

The purpose of this study is to examine the studies on augmented reality applications used only in music
education regarding descriptive features, methodological features, and outcomes and to reveal trends related
to these studies. The research questions are as follows:

1. What are the descriptive features of the studies on augmented reality in music education?
- What is the distribution of the studies according to the years?
- What is the distribution of the studies according to the number of authors?
- What is the distribution of the studies according to the type of publication?
- What is the distribution of the studies according to the authors’ countries of affiliation?
- What is the distribution of the studies according to the subjects?
- What is the distribution of the studies according to the type of AR?
2. What are the methodological features of the studies on augmented reality in music education?
- What is the distribution of the studies according to the research models?
- What is the distribution of the studies according to the research sample?
- What is the distribution of the studies according to the data collection tools?

- What is the distribution of the studies according to the data analysis methods?
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3. What are the outcomes of the studies on augmented reality in music education?
- What are the advantages of the AR applications used in the studies?
- What are the limitations of the AR applications used in the studies?

5. Methodology
5.1. Research Design

This research is a qualitative study using the descriptive survey model. In the descriptive survey, the
existing state, event, or object is described as it is in the present or past (Karasar, 2012). Since this research
aims to determine the current status of the studies on AR applications used in music education in the
literature, the model of the research has been determined as the descriptive survey model.

5.2. Research Sample

The study group for this research consists of studies on the use of augmented reality technology in music
education in the WoS and Scopus databases. The reasons for selecting these databases for the study are as
follows:

- They have the most comprehensive literature among the existing databases.

- They are among the most prestigious and well-known databases in the world.
- They contain high-quality publications as a result of the peer review process.
- Full-text publications can be easily accessed.

The studies included in this research are limited to the period up to 2020. In this paper, the criterion
sampling method, one of the purposive sampling methods, was used. Purposive sampling is the intentional
selection of people, places, or situations with specific characteristics to obtain the best information related
to research questions (Cohen et al., 2018; Creswell, 2013; Patton, 2002). Criterion sampling is a method in
which all situations that meet specific criteria, either created by the researcher or previously determined,
are considered (Cohen et al., 2018; Yildirim & Simsek, 2021). The researcher must decide which type of
purposive sampling will be most effective (Creswell, 2013). Since the researcher in this study determined
specific criteria, the criterion sampling method was used.

5.3. Selection Criteria

The publications used for the relevant study were selected based on the criteria listed below. Accordingly,
the publications included in the study group should;

1) cover the period up to December 2020,

2) be peer-reviewed,

3) consist of articles and conference proceedings with full-text access,
4) contain AR applications only used in music education,

5) be English-language publication.

Book chapters, poster presentations, reviews, and studies that are not related to the educational dimension
of the music field were not included in the sampling and were excluded from the criteria.

5.4. Selection Process

Since the study group for this research consists of publications related to AR applications, studies related
to virtual reality (VR) were excluded. In the literature search for the publications used in the study, the
relevant keywords were kept as broad as possible. Therefore, in addition to the keywords "augmented
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reality" and "music education," others representing these terms were also considered and used as keywords.
Moreover, since mixed reality is defined as the combination of real and virtual environments and AR is
located between these two environments (Milgram et al., 1995), the keyword "mixed reality" was also
added. In this regard, articles published in peer-reviewed journals and full-text conference proceedings
covering the period from the beginning to 2020 (including 2020) were included in the search. Accordingly,
the searches conducted in the WoS and Scopus databases are as follows:

Search on WoS

TOPIC: (("augmented reality" or "augmenting reality" or “mixed reality””) AND ("music education" or
"musical education" or "music learning" or "music teaching" or "music*" or "instrument education" or
"instrument learning" or "instrument teaching"))

Refined by: DOCUMENT TYPES: (PROCEEDINGS PAPER OR ARTICLE) AND LANGUAGES:
(ENGLISH) AND 2021 (EXCLUDE- PUBLICATION YEARS)

Search on Scopus

TITLE-ABS-KEY (("augmented reality" OR "augmenting reality" OR "mixed reality")) AND TITLE-
ABS-KEY (("music education" OR "musical education" OR "music learning" OR "music teaching" OR
"music*" OR "instrument education" OR "instrument learning" OR "instrument teaching"))) AND
(EXCLUDE (EXACTKEYWORD , "Virtual Reality")) AND (LIMIT-TO (SRCTYPE, "p") OR LIMIT-
TO (SRCTYPE, "j")) AND (LIMIT-TO (LANGUAGE, "English") AND PUBYEAR <2021

According to the search results, 353 studies were listed in the WoS database (150 studies) and the Scopus
database (203 studies). After 274 studies (WoS: 121 and Scopus: 153) unrelated to the research subject
based on the titles and abstracts were excluded, 22 duplicate studies found in both databases were
eliminated. Four out of the remaining 57 studies were excluded because the full text could not be accessed.
The full texts of the remaining 53 studies were read, and a preliminary review was carried out. As a result
of the evaluations, it was determined that six studies were not related to the "education" dimension of the
music field, three studies were related to simulation rather than AR, four studies were reviews, three studies
were book chapters, and two studies were poster presentations; therefore, they were eliminated. The
remaining 35 studies were included in the analysis process of the research, and the flow chart is shown in
Figure 3.
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Fig. 3. Flow chart of the selection process
5.5. Data Collecting Tools

The data used in the research were obtained by the document analysis method. Document analysis is a
systematic process of thoroughly reviewing or evaluating the contents of printed and electronic written
sources (Bowen, 2009). Since this study's purpose is to analyze studies on AR applications used in music
education, document analysis was used as the data collection method.

A publication classification form was used to organize data related to studies in a planned and systematic
way. For this purpose, the Paper Classification Form (PCF) created by Sozbilir et al. (2012) and Goktas et
al. (2012) was used as an example and revised according to the subject, purpose, and research questions of
the study. The revised draft form was presented for the opinions of two experts in the field of measurement
and evaluation in education. Based on the expert opinions, the final form of PCF consists of seven
categories: 1) paper information, 2) research subject, 3) research design, 4) research sample, 5) data
collection tools, 6) data analysis, and 7) advantages and limitations of AR applications. In addition, a
"Notes" section was added to the bottom of the form to allow the researcher to take notes while reviewing
the publications.

The data collection process for the study covers the period from January 2021 to December 2021.
Furthermore, a literature review was conducted from January 2021 to July 2021; the abstracts of all the
obtained publications were read, and a preliminary assessment was made. Publications that were not related
to the research topic were eliminated. From July 2021 to December 2021, the full texts of the studies that
were given a preliminary assessment were read, and decisions were made on the publications that would
constitute the study group. Accordingly, 35 studies were transferred to the publication classification form
and prepared for analysis.

5.6. Data Analysis

The data from the reviewed publications were analyzed using the content analysis method. Content analysis
is a method for categorizing and interpreting scientific data coded within the framework of predetermined
or later developed categories and emerging themes, synthesizing and drawing theoretical conclusions
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(Cohen, Manion, & Morrison, 2018; Finfgeld-Connett, 2014). This research used the content analysis
method to clearly explain the data obtained from examining the publications within the specified time range
using specific themes, categories, and codes.

Content analysis allows for qualitative and quantitative analysis of the obtained data (Lune & Berg, 2017).
Additionally, Biiyiikoztiirk et al. (2020) mention that frequency and percentage values can commonly be
used when interpreting the data obtained through content analysis. Accordingly, the data (codes) containing
the categories under the themes that constitute the descriptive and methodological features of the
publications were converted into numerical data showing frequency values using the Statistical Package for
the Social Sciences (SPSS) 22 program, interpreted by using tables and charts for ease of understanding
and presented in the results section. Additionally, data on the advantages and limitations of AR applications
used in music education, which are included under the theme of the outcomes, were coded, compiled under
relevant categories, and interpreted. The theme-category-code relationships and explanations of the

examined publications are shown in detail in Table 1 below.

Table 1.

Theme-category-code details of the reviewed publications

Themes Categories Codes Explanations
Authors Number of authors
Years Publishing year
@ Paper Information Publication types Article, proceeding
% AR type Marker-based, markerless-based, other, not specified
s Country Authors’ country of affiliation
g Music theory education  Ear training, harmony, and other
E— . Piano, strings (violin, viola, cello, contrabass), guitar, wind
§ . Instrument education instruments (flute, clarinet, oboe, etc), and other instruments
a Research Subject Voice training Singing
Prototype development  Prototype
Other subjects Creativity, music history, etc
Quantitative research Experimental, survey, correlational, casual-comparative, and other
Research Design Qualitative research S:}llsee; study, ethnography, phenomenological, grounded theory, and
Mixed research Explanatory, exploratory, embedded, and other
Other design Action research, user experience research, etc.
Preschool Preschool students, preschool teachers
g K-12 students Kindergarten, primary school, secondary school, high school
% Research Sample K-12 teachers Kindergarten, primary school, secondary school, high school
i Institute Undergraduate students, postgraduate students, academic staff
g Other samples (i.e. Teacher candidates, parents, etc.)
‘—03 Achievement tests Open-ended, multiple-choice, and other
E Questionnaires Open-ended, Likert, and other
D Data Collection Scales Multiple-choice, Likert, and other
= Tools Interview Structured, semi-structured, unstructured, focus group
Observation Participant, nonparticipant
Other tools AR applications, smartphones, tablets, etc.
(S%[z?irilitcastwe_Descrlptlve Frequency/percentage, central tendency measures, and other
Data Analysis

Quantitative Inferential
Statistics

t-test, ANOVA, MANOVA, correlation, regression, non-parametric
tests, and other
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Qualitative Thematic analysis, content analysis, and other
é Advantages / List of advantages The advantages of the AR applications used in music education
8 Limitations of AR
+—
8 Apps List of limitations The limitations of the AR applications used in music education

5.7. Validity and Reliability

Validity and reliability are considered two essential criteria for scientific research in terms of the cogency
of the results. Methods used to measure validity and reliability in quantitative studies are not available in
qualitative studies; however, certain precautions can be taken to increase validity and reliability. (Yildirim
& Simsek, 2021). In qualitative studies, it is necessary to describe in detail every stage of the research, from
data collection methods to presenting findings and results, and to present it in a convincing narrative that
persuades the reader (Biiytlikoztiirk et al., 2020; Creswell, 2013; Yildirim & Simsek, 2021). The process
and precautions taken to ensure validity and reliability in this research are as follows:

- The reasons for selecting the Web of Science and Scopus databases and the search criteria used in these
databases to access publications related to the research topic were described in detail.

- It is clearly stated which criteria were used in selecting the publications obtained by the criteria sampling
method.

- Categories that provide a systematic classification of the data obtained from the reviewed publications
were created by a detailed examination of content analysis studies on AR applications in different
educational fields in the literature (Fidan & Tuncel, 2018; Icten & Bal, 2017a; Kara, 2018; Korucu et al.,
2016). To systematically code the data relevant to these categories, the researcher created a paper
classification form based on the forms published by Sozbilir et al. (2012) and Goktas et al. (2012), which
was presented to field experts to ensure the validity of the scope.

- The data obtained from the publications were independently coded by the researcher and an expert with a
Ph.D. in music education into the paper classification form. Similar results were obtained when the coding
was compared. In cases of disagreement, a consensus was reached between the researcher and the expert
through discussion, and the discrepancies were resolved. This ensured the reliability of the research.

- The data was transferred to the SPSS 22 program for analysis of the publications, and it was reviewed
twice at a one-week interval to ensure that all of the data was correct.

- The method followed in analyzing the data was described in detail.

- The results were presented in their original form and discussed by relating them to the relevant literature
in the field.

5.8. Ethical Consent of the Research

In this study, data were obtained through the document analysis method since the aim was to examine
publications related to augmented reality applications used in music education. No data were collected from
any participant or subject using surveys, interviews, or observations. Therefore, there was no need for
ethical committee approval.
6. Results and Discussion

In this section, 35 accessible studies related to the research subject were analyzed by considering the themes
determined as descriptive features, methodological features, and outcomes, and the categories created based
on sub-problems. The findings were discussed in relation to the literature.

6.1. Descriptive Features of the Studies on Augmented Reality in Music Education
6.1.1. Distribution of the Studies according to the Years
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The distribution of the studies according to years is shown in Figure 4.

Fig. 4. Studies according to the years

Based on the findings, studies on AR used in music education began in 2006. Upon reviewing the literature,
it was seen that in 2003, Berry et al. developed a prototype called the "Music Table" for composing musical
patterns by arranging cards with QR codes on a table. This AR application, used to concretize the abstract
elements of music through computer-generated images, was used for educational purposes in the same
authors' study titled "Tunes on the Table" (Berry et al., 2006). Additionally, in the same year, in a study
conducted by Motokawa and Saito (2006), AR technology was applied to assist beginners in guitar
education using visual guides such as chord names and finger positions of the chords with the help of a
virtual hand model. Based on this information, it is believed that music education studies related to AR
technology began in 2006.

When Figure 4 is examined, it can be seen that the number of studies in the field increased in two different
periods: 2014 (f=4) and 2018 (f=4), however, the most common studies were conducted in 2019 (f=9).
When studies on other educational fields using AR technology were examined, it was found that the
majority of studies were also conducted in the same year (Garzon et al., 2020; Palanct & Turan, 2021;
Theodoropoulos & Lepouras, 2021; Tiirker, 2021). In this case, it is understood that the use of AR in
education became widespread in 2019 due to the interest in AR technology in almost all fields in recent
years. This increase is thought to have positively affected studies related to music education as well.

6.1.2. Distribution of the Studies according to the Number of Authors

The distribution of the studies according to the number of authors was examined and shown in Figure 5.

Fig. 5. Studies according to the number of authors

Accordingly, it was found that only one study was single-authored, while all the other studies (f=34) were
co-authored. Most studies were four-authored (f=12) and then two-authored (f=9). The least number of
studies were found with six or more authors (f=2). According to Figure 5, almost all the studies examined
had multiple authors. This may be because research on AR applications consists of different stages, such
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as preparation, design, and implementation, and therefore needs to be carried out in collaboration by
different authors (Kuzu, 2014, as cited in Fidan & Tuncel, 2018). Additionally, since AR is a new
technology applied in the field of education, the need for multi-authored studies may arise to prepare these
studies with an interdisciplinary approach (Palanci & Turan, 2021).

6.1.3. Distribution of the Studies according to the Publication Type

This research was limited to articles and full-text conference proceedings scanned in the WoS and Scopus
databases. The distribution of the studies based on publication type is shown in Figure 6.

Fig. 6. Publication type

According to the findings, most studies on augmented reality applications in music education were
published as proceedings (f=24). A similar result was also obtained in a study by Palanci and Turan (2021).

6.1.4. Distribution of the Studies according to the Authors’ Countries of Affiliation

The studies using AR applications in music education were conducted in many countries. The distribution
of the studies according to the authors’ countries of affiliation is shown in Figure 7.

Fig. 7. Authors’ country of affiliation

When Figure 7 is examined, it was seen that the most significant number of studies were conducted by
researchers in Japan (f=8), followed by researchers in China and New Zealand (f=4).

Considering that Japan and China are technologically advanced, AR-related studies may be concentrated
in these two countries. Billinghurst (2018) states that Japan is among the countries with the most researchers
working in AR technology. According to research conducted by Yildiz (2019), the number of studies on
AR applications has increased, most of these applications are integrated with education, and Japan is the
primary source of such research. In addition, it was announced in March 2021 that AR technology was
added to the list of critical industries in China's 14th Five-Year Plan (Zhang et al., 2021). Based on this
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information, it can be understood that a large number of studies on AR have been conducted in these two
countries in many areas, and research on AR is still ongoing. Therefore, it can be said that the concentration
of studies on AR in music education in these countries is a natural result of this situation.

Moreover, according to the research findings, several studies were conducted jointly by researchers from
different countries and were listed under the heading "multiple countries" (f=4). The countries in which
these joint studies were conducted are Spain and Mexico (Del Rio-Guerra et al., 2019; Martin-Gutierrez et
al., 2020), Spain and France (Rusifol et al., 2018), and Germany and the USA (Rogers et al., 2014). When
studies on the use of AR technology in other educational fields are examined, it was observed that the USA
and Spain are among the countries where the most research on this subject has been conducted (Erbas &
Atherton, 2020; Kara, 2018; Palanc1 & Turan, 2021). However, according to the data of this research, a
different situation emerged, and it was understood that a limited number of studies were conducted on
music education in these two countries.

6.1.5. Distribution of the Studies according to the Research Subjects

AR technology is most commonly used in instrument training (f=28) among the basic dimensions of music
education, including theory, instrument, and vocal training as shown in Table 2.

Table 2.

Studies according to the subjects

- N f -
Research Subject umber of Studies

()

Music Theory Education 2
Piano 14

. Strings (Violin) 1

Instrument Education .
Guitar 8
(£=28) L

Wind instruments 0

Other instruments 5

Voice Training 0
Prototype Development 26
Other Subiect Creativity 1

ez f_I;)Jec ® Music history 2

Early childhood music education 2

According to the findings, these studies, aimed at beginners, mainly focused on piano (f=14) and guitar
(f=8) education. When the literature is examined, studies showing similarities with these findings have been
found. Accordingly, the study by Serafin et al. (2017) stated that AR applications in the music field were
mainly used for piano or guitar learning, and Turchet et al. (2021) emphasized that the piano was the most
frequently investigated in research on AR technology. In this regard, these results align with this study's
findings.

It can be understood from Table 2 that AR technology is only used in violin training among the string
instruments (f=1), and no studies have been conducted on the use of this technology for other strings (viola,
cello, contrabass). In the category of other instruments (f=5), only one study is related to the drum kit
(Yamabe et al., 2011), while the others are related to traditional instruments from China, Malaysia, and
Indonesia. These traditional instruments, which are in danger of being forgotten due to people's preference
for modern musical instruments or the higher prices of traditional instruments from East Asia, were
introduced to and taught to the younger generation using AR technology to help preserve and promote them
(Juniawan & Sylfania, 2019; Permana et al., 2019; Tan & Lim, 2019; Zhang et al., 2015). Furthermore,
research was not found on the use of AR technology in voice training or wind instrument training (e.g.,
flute, clarinet, oboe). Under the heading of music theory education, there are two studies (f=2) that use AR
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technology to teach notes on the staff (Correa et al., 2016) and musical perception in terms of pitch, rhythm,
intensity, duration, and timber (Martins et al., 2015).

Furthermore, the research findings showed that 26 studies were related to prototype development. When
the publications constituting the study group were examined, it was found that most of these prototype
development studies were also related to instrument training in music education.

Apart from these, studies in which AR technology was used in the fields of creativity (f=1), music history
(f=2), and early childhood music education (f=2) are mentioned under the heading "other subjects." For the
development of creativity, an augmented reality system called the "Music Table" was used, which allows
users to move objects represented by markers on the table to create music. This application concretizes
music heard abstractly through computer-generated images. Children aged 6-11 were asked to use
instrument cubes and blocks representing notes to create the shape of a given theme (e.g., an animal figure)
and create a musical composition. In this manner, short and simple musical phrases with music patterns
were played according to the shape created. This helps to develop the creativity of children who have just
started music education (Berry et al., 2006).

In two studies on the theme of "the aesthetic periods of music history" by Gomes et al., digital content,
including videos, audio, and 3D models, was used and activated through QR codes. In the first study,
students were asked to use their mobile devices (smartphones or tablets) to find eight stations scattered
around the school using a game-based learning activity called Musical Peddy and then use QR codes to
display digital clues containing audio, images, videos, and graphics that answered questions about music
history at each station. With this digital content, students correctly identified 20th-century composers,
musical instruments, and musical styles (Gomes et al., 2014). The other study organized an AR Music
Gallery exhibition consisting of A3-sized posters with QR codes containing audio, video, 3D models of
musical instruments, and text information. The observations showed that students were exceedingly
interested in exploring the AR content and were highly motivated to learn about music history (Gomes et
al., 2015).

One of the studies on early childhood music education examined the effectiveness and feasibility of mobile
devices and AR technology in facilitating the learning of preschool and kindergarten students. The learning
content (rhythm, pitch, song structure, meaning of lyrics, bodily expression of music, and information about
musical instruments) taught through the use of QR codes in the "Treasure Hunt" game are elements of the
music curriculum taught in preschool and kindergarten. According to the results of the study, it was
observed that children of this age showed interest in the game, mobile devices, and QR codes as part of AR
technology; they learned new things about music and AR technology through game-based learning; and
they exhibited collaborative behaviors by seeking help from and providing support to classmates in other
teams. In this regard, it has been found that AR technology is a strong tool for attracting and maintaining
children's interest in music while also developing their cognitive skills, collaboration skills, and social
relationships during the learning process (Preka & Rangoussi, 2019).

In another study, music scores, lyrics, animations related to the story of the song, and virtual keyboards
containing the sounds of instruments such as the piano, violin, flute, or saxophone were immersed in the
pages of the "Augmented Songbook" using AR technology. Musical notes on the virtual keyboard and
animations were colored with the help of an AR application and displayed on mobile devices in real time
without any unique markers. The goal was to teach abstract musical concepts to preschool students by
concretizing them. According to the data obtained from the study, the prototype that was developed
received positive feedback from both preschool students and their parents after being tested in real-world
environments (Rusinol et al., 2018).
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6.1.6. Distribution of the Studies according to the AR Type

When the AR types used in the publications were examined, it was seen that different types, such as marker-
based, markerless-based, and projection-based types, were used in the applications.

Fig. 8. Distribution of the AR types

According to Figure 8, it was observed that the marker-based AR type was the most preferred in music
education studies using AR applications (f=22). These results are also consistent with studies on AR
applications in other educational fields (Altinpulluk, 2018; Bacca et al., 2014; Fidan & Tuncel, 2018;
Sirakaya & Alsancak Sirakaya, 2018).

In Figure 9, the distribution of AR types by year is shown.

Fig. 9. Distribution of AR types by year

It is seen that while the number of studies utilizing the marker-based AR type was entirely limited between
2006 and 2018 (=1, f=2), considering studies conducted in 2019, this type of AR is the most preferred one
(f=9). The ease of development and use of marker-based AR types may explain why they have been
increasingly preferred over other AR types in recent years (Altinpulluk, 2018).

According to Figure 8 and Figure 9, markerless-based AR is used in a limited number of studies (f=4).
When these studies were examined, it was understood that this type of AR was used in instrument training
(De Sorbier et al., 2012; Goodwin & Green, 2013; Huang et al., 2011) and early music education (Rusifiol
et al.,, 2018). Apart from these, projection-based AR was used in six studies (Lochtefeld et al., 2011;
Raymaekers et al., 2014; Rogers et al., 2014; Sun & Chiang, 2018; Yamabe et al., 2011; Zhang et al., 2015)
and indicated in the "others" category (see Figure 8). With projection-based AR, digital information can be
directly reflected onto any physical surface in the real world, and users can interact with the reflected digital
information (Craig, 2013; Yakubova et al., 2021).

Regardless of the type of AR, specific software is needed to develop these applications. According to the
examined studies, these applications were developed using various software such as Aurasma, Vuforia,
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Unity 3D, ARToolkit, Maya 3D, and Layar. Among them, Unity 3D and Vuforia were the most preferred
software, and in almost all studies, mobile devices (smartphones and tablets) were used to display the
developed AR designs.

6.2. Methodological Features of the Studies on Augmented Reality in Music Education

6.2.1. Distribution of the Studies according to the Research Design

The distribution of the studies according to the research design was examined and shown in Table 3 in
detail.

Table 3.

Studies according to the research design

Number of studies

Method Design 0

(o)

Experimental
Survey
Quantitative (f=6) Correlational
Causal- Comparative
Quantitative other
Case study
Ethnography
Qualitative (=2) Phenomenological
Grounded theory
Qualitative other
Explanatory
Mixed (f=2) Exploratory
Embedded
Action research
User experience research
Unspecified

——O =IO O OO NN OO O

Others (f=16)

—
V)]

e}

When Table 3 was examined, it was seen that different research models were used. Accordingly, the
quantitative studies (f=6) conducted in the experimental model were related to piano and guitar education
(Keebler et al., 2013, 2014; Li, 2018; Rio-Guerra et al., 2019; Rogers et al., 2014; Sun & Chiang, 2018);
the qualitative studies in the case study model (f=2) were conducted in musical perception and music history
(Gomes et al., 2014; Martins et al., 2015).

As aresult of content analysis, it was found that both quantitative and qualitative data were used in certain
studies. The findings obtained from quantitative data in these studies were supported by researchers'
observation notes and user opinions expressing the feelings and thoughts of participants about AR
applications. The researcher evaluated these studies in the mixed-method category. Accordingly, one of
these studies (Martin-Gutierrez et al., 2020) was evaluated under the explanatory design category due to
using qualitative data to provide a more detailed explanation of quantitative data. The other (Zhang et al.,
2015) was evaluated under the embedded design category as both quantitative and qualitative data were
collected simultaneously, and qualitative data supported quantitative data. When examining Table 3, it can
be seen that action research and user experience methodologies are included under the "Others" category.
Creswell (2015) argues that action research should not be considered a qualitative research method, as it
allows for using both qualitative and quantitative data collection techniques and, therefore, should be
considered a separate method. Consequently, action research was classified in the "Others" category in
Table 3. In this study, it was found that this type of research model was used in only one study on early
childhood music education (Preka & Rangoussi, 2019). On the other hand, in user experience studies
(f=15), a prototype was developed and presented to users for their experience, and their opinions were
stated in the results of the study (Berry et al., 2006; Chow et al., 2013; Gomes et al., 2015; Juniawan &
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Sylfania, 2019; Kerdvibulvech & Saito, 2008; Lochtefeld et al., 2011; Molloy et al., 2019; Motokawa &
Saito, 2006; Permana et al., 2019; Raymaekers et al., 2014; Rigby et al., 2020; Rusifol et al., 2018; Tan &
Lim, 2019; Torres & Figueroa, 2018; Yamabe et al., 2011). These studies have not been considered design-
based models but have been explained under "user experience." According to Hassenzahl & Tractinsky
(2006), user experience is defined as "the consequence of a user's internal state (predispositions,
expectations, needs, motivations, mood, etc.), the characteristics of the designed system (e.g., complexity,
purpose, usability, functionality), and the context (or the environment) within which the interaction occurs
(e.g., organizational/social setting, the meaningfulness of the activity, voluntariness of use, etc.)" (p. 95).
In a design-based model, the generated prototypes must be revised based on feedback from participants. As
Kuzu et al. (2011) described, in design-based research, certain modifications are made to enhance its
functionality after a design or prototype is developed and tested. These modifications are then tested on the
same design or prototype, and this process is repeated until the prototype functions as intended. Therefore,
since the prototypes developed in the publications are not redesigned and presented to users based on the
opinions obtained from their experiences, related studies are defined as "user experience research" rather
than "design-based research."”

In addition, nine studies without defined a research model were identified as related to the topics of AR-
assisted piano and violin instruction and AR-assisted music notation instruction (Cai et al., 2019a, 2019b;
Correa et al., 2016; De Sorbier et al., 2012; Fernandez et al., 2016; Goodwin & Green, 2013; Hackl &
Anthes, 2017; Huang et al., 2011; Zeng et al., 2019).

The distribution of the research models included in the studies according to the years was examined and
shown in Figure 10.

Fig. 10. Distribution of research design by years

Accordingly, it can be said the user experience research model started in 2006 and particularly increased in
2018 and 2019, while the experimental model was first used in 2013. Figure 10 shows that the first usage
of the action research model and the highest frequency value of user experience studies were carried out in
2019. It can be said that studies have shown a trend toward user experience research in recent years, and
different research models have also been carried out. In addition, case studies and mixed studies have not
shown any increase over the years.

6.2.2. Distribution of the Studies according to the Research Sample

As seen in Table 4, the sample group in the examined studies include different educational levels
(preschool, kindergarten, primary school, and undergraduate).
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Table 4.

Studies according to the sample groups

Research Sample Number of Studies (f)
Pre-school students 1

Pre-school (f=1
re-school (f=1) Pre-school teachers

Kindergarten
Primary school
K-12 Students (f=9) Secondary school
High school
Mixed
Kindergarten

Primary school
K-12 Teachers (f=2) Secondary school
High school

Undergraduate

Postgraduate
Academic staff
Mixed

Other (Teacher candidates, parents, etc.)

Institute (f=8)

— O O N|O O N OoOIm O O Vv WO

—
(9]

In a study by Sirakaya & Alsancak Sirakaya (2018), it was found that AR technology was used at almost
every educational level, from primary school to the undergraduate level. Thus, this result is similar to the
findings of the current study. On the contrary, another study conducted by Bacca et al. (2014) stated that
none of the studies using AR applications in the field of "early childhood education" had been carried out
and that children in this age group might not be ready to use this technology. However, in subsequent years,
certain studies that included preschool and kindergarten students in the sample group were conducted.
Studies in which AR technology is used in music education can be given as examples (Correa et al., 2016;
Preka & Rangoussi, 2019; Rusifiol et al., 2018). Considering the level of students constituting the research
sample, most of the participants were selected from K—12 students (f=9). A study on the use of XR
technology in the field of music highlights the increasing use of AR technology in music education
programs for children (Turchet et al., 2021). This result supports the findings of the research.

Table 4 also reveals that several studies were also conducted with undergraduate students (Keebler et al.,
2013; Keebler et al., 2014; Li, 2018; Martin-Gutierrez et al., 2020; Molloy et al., 2019; Rigby et al., 2020;
Rio-Guerra et al., 2019) (f=7). Considering AR technology is most commonly used in instrument training
(Table 2), undergraduate students may have been preferred for the sample due to their advanced cognitive
and physical capabilities in instrument training compared to K—12 students. In addition, the examined
studies show that most participants in the research sample were beginners in instrument education; in
contrast, intermediate- and advanced-level students only participated in a limited number of studies.
Furthermore, it is understood from the findings that there were a small number of studies in which primary
school teachers participated (Martins et al., 2015; Tan & Lim, 2019), and no studies in which academic
staff included in the study group were found. Additionally, in one study, undergraduate and postgraduate
beginner-level students were included in the sample group and indicated as the "mixed" category (Torres
& Figueroa, 2018).

In addition to all these findings, it can be seen that the distribution of studies according to the sample type
is focused on the "other" category (f=15). However, since the ages or grades of the participants in the
examined studies were not specified, they could not be included in the sample groups in the categories of
preschool, K-12 students, K-12 teachers, or institutes. Therefore, they were collected under the "other"
category. The study groups under this category consisted of participants such as volunteers with no
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experience in instrumentation (Chow et al., 2013; De Sorbier et al., 2012; Kerdvibulvech & Saito, 2008;
Molloy et al., 2019; Motokawa & Saito, 2006; Permana et al., 2019; Raymaekers et a., 2014; Rogers et al.,
2014; Sun & Chiang, 2018; Yamabe et al., 2011; Zeng et al., 2019; Zhang et al., 2015), parents (Rusinol et
al., 2018), and professional musicians (Lochtefeld et al., 2011; Martin-Gutierrez et al., 2020; Rogers et al.,
2014).

6.2.3. Distribution of the Studies according to the Data Collection Tools

The data collection tools used in the publications include questionnaires (f=13) and scales (f=8) for
quantitative data, and observations (f=11) and interviews (f=9) for qualitative data.

Table 5.

Studies according to the data collection tools

Data Collection Tools Number of Studies (f)

(=]

Open-ended
Achievement Test (f=0) Multiple choice
Other
Open-ended
Likert
Mixed
Other
Multiple choice
Scale (f=8) Likert
Other
Structured
Semi-structured

Questionnaire (f=13)

Interview (f=8) Unstructured

Focus group

Participant
Observation (f=10) articipan

O —= | O W A —~|IN QN O|lW —= I3 NDOo O

Non-participant

According to the findings in Table 5, the most commonly used data collection tools are questionnaires for
quantitative research and observations for qualitative research. In the examined studies, it was found that
Likert-type questionnaires and scales were more commonly used, and in particular, scales were in the form
of usability scales (Juniawan & Sylfania, 2019; Martin-Gutierrez, 2020; Molloy et al., 2019; Rigby et al.,
2020; Rio-Guerra et al., 2019). In addition, semi-structured interviews (Martins et al., 2015; Tan & Lim,
2019; Yamabe et al., 2011; Zhang et al., 2015) and observations conducted with non-participants (Berry et
al., 2006; Correa et al., 2016; Gomes et al. 2015; Martin-Gutierrez et al., 2020; Martins et al., 2015; Prega
& Rangoussi, 2019; Rusinol et al., 2018; Tan & Lim, 2019; Zhang et al., 2015) were preferred.

Achievement tests are among the most commonly used data collection tools in recent studies on the use of
AR technology in other education fields (Arict et al., 2019; Kara, 2018; Sirakaya & Alsancak Sirakaya,
2020; Turhan et al., 2022). However, when examining the data in Table 5, it can be seen that achievement
tests were not used in any studies. Considering that most of the studies on the use of AR are conducted in
the fields of natural science, mathematics, computer technologies, and foreign language, which are
primarily based on theoretical subjects, it is natural for achievement tests to be among the most commonly
used data collection tools. However, since all publications included in this research were based on practices
in music education and none of the studies evaluating academic success related to the theoretical aspect of
music education were found, it can be stated that achievement tests were not preferred. In addition, the
“other” categories seen in Table 5 consist of questionnaires that do not specify the question types (Gomes

466



JETOL 2023, Volume 6, Issue 2, 447-481 Apaydinl, K.

et al., 2014; Molloy et al., 2019) and training and performance rating scales that use a different evaluation
system (Keebler et al., 2013; Keebler et al., 2014).

The sample group of this research consists of 35 studies. Since several studies used more than one data
collection tool, the total frequency in Table 5 is indicated as 39.

6.2.4. Distribution of the Studies according to the Data Analysis

The distribution of the studies according to the data analysis was examined and shown in Table 6.
Table 6.

Studies according to the data analysis

Data Analysis Number of Studies (f)

Only descriptive statistics 11

Quantitative (f=17) Only inferential statistics 2
Descriptive and inferential 4

Thematic analysis 0

Qualitative (f=13) Content analysis 1
Other 12

Mixed (f=2) Quantitative and qualitative 2

Based on the findings, quantitative (f=17), qualitative (f=13), and both quantitative and qualitative (f=2)
analysis methods were used in the examined studies. Therefore, it can be understood that the most
commonly used data analysis method is quantitative analysis. The fact that quantitative analyses are the
most commonly used method in research on the use of AR in different fields of education also supports this
finding (Chen et al., 2017; Fidan & Tuncel, 2018; Kara, 2018; Sirakaya & Alsancak Sirakaya, 2018). In
other words, regardless of the field, it can be said that quantitative analyses are primarily used in studies on
the use of AR technology in education.

Five studies in the category of quantitative analysis used frequency/percentage and mean calculations from
descriptive statistics techniques (Chow et al., 2013; Kerdvibulvech & Saito, 2008; Sun & Chiang, 2018;
Torres & Figueroa, 2018; Zeng et al., 2019). On the other hand, six studies utilize a rating system consisting
of different calculation methods (e.g., Handheld Augmented Reality Usability Scale-HARUS, Usability
Evaluation Method-UEM), and therefore these studies are also evaluated within the context of descriptive
statistics (De Sorbier et al., 2012; Fernandez et al., 2016; Goodwin & Green, 2013; Huang et al., 2011;
Juniawan & Sylfania, 2019; Permana et al., 2019). In addition, ANOVA was used in studies that utilized
inferential statistics techniques (Keebler et al., 2013; Keebler et al., 2014), while frequency/percentage,
central tendency measures (mean), t-test, ANOVA, and non-parametric Mann-Whitney U tests were
conducted in studies that utilized both descriptive and inferential statistics techniques (Li, 2018; Rigby et
al., 2020; Rio-Guerra et al., 2019; Rogers et al., 2014).

According to Table 6, the content analysis method used in one study was included in the qualitative analysis
methods category (Preka & Rangoussi, 2019), and direct observations notes and user opinions were
included in twelve studies and indicated under the "other" option (Berry et al., 2006; Correa et al., 2016;
Gomes et al., 2014; Gomes et al., 2015; Lochtefeld et al., 2011; Martins et al., 2015; Molloy et al., 2019;
Motokawa & Saito, 2006; Raymackers et al., 2014; Rusinol et al., 2018; Tan & Lim, 2019; Yamabe et al.,
2011). In addition, two studies in which both qualitative and quantitative data analysis methods were
utilized are listed under the "mixed" category (Martin-Gutierrez et al., 2020; Zhang et al., 2015). In these
studies, frequency/percentage, mean, t-test, and ANOVA were used for quantitative analysis, while
interview and observation techniques were used for qualitative analysis.

Furthermore, it was determined that data analysis was not carried out in three studies (Cai et al., 2019a; Cai
et al., 2019b; Hackl & Anthes, 2017). These studies aimed to design prototypes utilizing augmented reality
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(AR) technology and investigate their implementation approach in the context of piano education. The
functionality of the designed prototypes is unknown due to a lack of user studies. However, it is thought
that these studies also contribute to instrument education.

6.3. Outcomes of the Studies on Augmented Reality in Music Education
6.3.1. Advantages of AR Applications used in the Studies

It has been revealed that there are numerous advantages of AR applications used in music education in the
examined studies. These advantages are coded and shown in Figure 11.

Fig. 11. Advantages of AR apps used in music education

The contributions of AR applications that affect learning positively were identified as the most commonly
observed advantages in the publications related to the study group. They were arranged under the code of
"learning performance" (f=13). Based on these findings, AR applications used in music education
accelerated learning in beginners as they supported active learning (Fernandez et al., 2016; Gomes et al.,
2015; Keebler et al., 2014; Martin-Gutierrez et al., 2020; Rogers et al., 2014; Sun & Chiang, 2018), enabled
to be more effective than traditional methods (such as chord diagrams, tablature, etc.) in helping students
succeed in musical instrument training (Keebler et al., 2013; Zhang et al., 2015). In addition, these
applications were found to be more effective in developing cognitive skills in preschool students, such as
understanding music notation and recognizing musical instruments, and helping them learn in more detail
(Correa et al., 2016; Preka & Rangoussi, 2019).

Other significant advantages identified in the studies were increased motivation (f=12) and self-learning
(f=11) codes. According to studies on the code of increased motivation, AR applications made learning
more attractive and enjoyable than traditional methods, such as teacher-centered instruction. The feedback
provided in these applications helped users contribute to the learning process. Additionally, several studies
identified that students were motivated by the use of game-based approaches and the ability to interact with
3D graphics in some applications (Chow et al., 2013; Fernandez et al., 2016; Gomes et al., 2014; Juniawan
& Sylfania, 2019; Martin-Gutierrez et al., 2020; Molloy et al., 2019; Preka & Rangoussi, 2019; Rio-Guerra
etal., 2019; Yamabe et al., 2011).

Self-learning refers to studies in which beginner-level students, in particular, can learn to play instruments
using visual guides created with AR technology or virtual hand positions projected on the instrument
(Goodwin & Green, 2013; Huang et al., 2011; Keebler et al., 2013; Lochtefeld et al., 2011; Martin-Gutierrez
et al., 2020; Motokawa & Saito, 2006; Rigby et al., 2020; Rio-Guerra et al., 2019; Rogers et al., 2014;
Torres & Figueroa, 2018; Yamabe et al., 2011). In this way, students can independently learn basic
information related to their instruments without needing a teacher in the early stages of their education
(Kularbphettong et al., 2019, as cited in Martin-Guiterrez et al., 2020). However, these applications should
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not be considered a substitute for individual face-to-face instruction with a teacher but rather as
complementary practices to traditional teaching methods.

Studies conducted by Yamabe et al (2011), Rio-Guerra et al (2019), Martin-Gutierrez et al (2020), and
Rigby et al (2020) indicated that students were more motivated when they learned the relevant subject on
their own through AR applications. In this case, it can be said that self-learning and motivation have
complementary advantages, which positively impact learning performance. The fact that these advantages
are in the top three in Figure 12 supports this idea.

Other advantages of using AR applications in music education include 1- the compatibility with game-
based learning, and their attractive feature of being entertaining for children compared to traditional
instrument teaching methods (Berry et al., 2006; Cai et al., 2019a; Li, 2018; Martins et al., 2015; Molloy et
al., 2019; Zhang et al., 2015); 2- the ease of learning basic music concepts and instrument playing (Correa
etal., 2016; Keebler et al., 2014; Martins et al., 2015), and the encouragement of beginner students to learn
theoretical subjects and make music with their instruments (Berry et al., 2006; Gomes et al., 2014; Gomes
et al., 2015; Raymaekers et al., 2014); 3- real-time usage with the display of virtual images (highlighted
colors, virtual fingers, virtual frets, etc.) on real instruments (Cai et al., 2019b; De Sorbier et al., 2012;
Goodwin & Green, 2013; Huang et al., 2011; Rigby et al., 2020; Torres & Figueroa, 2018; Zeng et al.,
2019); 4- the opportunity to know and learn to play traditional instruments from different countries in a
realistic 3D form (Juniawan & Sylfania, 2019; Permana et al., 2019); 5- the ability to develop teamwork
skills through specific applications, which contribute positively to the social development of students (Berry
et al., 2006; Gomes et al., 2014; Preka & Rangoussi, 2019); and finally, 6- the economic aspect of AR
applications that can be accessed via mobile devices such as smartphones, tablets, or laptops, and a webcam.
The decrease in costs related to AR technology in recent years has made it more accessible compared to
previous years (Kapucu & Yildirim, 2019; Yildiz, 2019), thus making its use possible in various education
fields, including music education.

Many of the advantages listed in Figure 11 are similar to the findings of other educational studies in which
AR applications are used (Bacca et al., 2014; Batdi & Talan, 2019; Chen et al., 2017; Chiang et al., 2014;
Di Serio et al., 2013; Kara, 2018; Lee, 2012; Ozaydin Aydogdu & Eryilmaz, 2019; Somyiirek, 2014).
Therefore, considering that today's modern educational approach is intertwined with technology, it is
pleasing to see that these advantages provided by AR applications will also be effective in music education,
as in other education fields.

6.3.2. Limitations of AR Applications used in the Studies

It has been observed in the examined studies that there are certain limitations in the use of AR applications
in music education as well as advantages. The limitations that arise from the difficulties encountered while
using these applications are presented in Figure 12.

Fig. 12. Limitations of AR apps used in music education
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Accordingly, usability difficulties (f=12) and limitations in content development (f=10) are the most
common limitations encountered in the AR applications. According to studies conducted by Akcayir &
Akgayir (2017), Kara (2018), and Ozaydin Aydogdu & Eryilmaz (2019), technical and usability issues were
among the most frequently mentioned limitations. This also supports the findings obtained in this study.

AR applications developed in every field may have specific limitations and shortcomings. In this research,
it was observed that the shortcomings in the visual guide information included in some AR applications
used in instrument training caused certain limitations in content development and difficulties in use. For
instance, in applications related to guitar education, displaying the guitar from only one perspective (e.g.
front view) can cause problems understanding certain positions. It was stated that the positions of top and
side perspectives should also be displayed (Motokawa & Saito, 2006). Moreover, there was a need to
develop visualization to better express the colors of the strings and fingers in the reflected image for finger
techniques (Martin-Gutierrez et al., 2020; Rio-Guerra et al., 2019; Zhang et al., 2015). In addition, the lack
of finger numbers on virtual piano rolls was one of the difficulties for beginner students (Molloy et al.,
2019). Apart from these, other difficulties that arise during use included the insufficient size of the
smartphone screen for applications (Tan & Lim, 2019) and the limited field of view for AR applications
displayed with HMDs (Chow et al., 2013; Hackl & Anthes, 2017; Rigby et al., 2020; Zeng et al., 2019). In
this regard, it can be said that limitations in content development may cause difficulties in use.

Furthermore, several studies stated that the markers were not fully perceived due to insufficient lighting,
This situation lead to the inefficient use of applications due to their incorrect operation and caused problems
for students (Sun & Chiang, 2018; Tan & Lim, 2019). In a study conducted by Akcayir & Akgayir (2016)
on the use of AR applications in foreign language education, it was found that technical problems, such as
the inability to recognize the marker and the small size of the display screen, were mainly determined. This
result is consistent with the limitations encountered in using AR applications in music education. As a
consequence, it can be thought that the inability to recognize markers and the limitations of the field of
view are common problems in AR applications.

According to Figure 12, other limitations revealed from the studies are indicated by the codes of limited
gains (f=8), no feedback (f=6), and discomfortable (f=3). The term “limited gains” refers to the limitations
in the gains related to music education in which AR technology is used in the studies under consideration.
For instance, the applications developed by Goodwin & Green (2013) and Rio-Guerra et al. (2019) were
limited to teaching only basic major chords or scales. These applications contain basic-level information as
they are applied to beginner-level participants.

In the studies mentioned under the title "no feedback", the usability levels of the developed applications
(how usable they are) could not be understood as feedback from the users was not requested (Cai et al.,
2019a; Cai et al., 2019b; Fernandez et al., 2016; Hackl & Anthes, 2017; Huang). et al., 2011; Sorbier et al.,
2012). In addition, discomforts that are caused by long-term use of HMDs and recently developed hololens
have been expressed with the code “discomfortable” (Molloy et al., 2019; Rigby et al., 2020; Torres &
Figueroa, 2018). In this regard, Molloy et al. (2019) state that, despite technological developments, HMD
is still not suitable for long-term use.

7. Conclusion

In this research, studies related to the use of augmented reality technology in music education scanned in
the WoS and Scopus databases until 2020 were analyzed, the descriptive features, methodological features,
and advantages and limitations of the AR applications used were revealed, and summarized as follows:

- AR technology has been used for music education since 2006, and most of these studies were proceedings
published mainly in 2019. When the study group was examined based on countries, it was found that
researchers in Japan, China, and New Zealand carried out the most studies. Some of the studies were also
conducted collaboratively by researchers from different countries (Spain-Mexico, Spain-France, Germany-
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the USA). Despite being related to music education, the majority of the authors of these studies were in the
field of computer science, and a lack of music educators among the co-authors of the studies was observed.
Naturally, the development process of AR applications is directly related to the field of computer science,
and authors conduct that related studies in this field. However, it should be noted that interdisciplinary,
collaborative studies with music educators can also contribute to this technology’s widespread use in music
education.

- When considering the basic dimensions of music education as theory education, instrument education,
and voice training, the distribution of subjects in the studies that constitute the study group was examined
with these dimensions, and it was found that the studies tended to focus on prototype development in the
field of instrument education aimed at beginner-level students. It was observed that the developed
prototypes were mainly focused on piano and guitar education, and none of the studies using AR technology
were found in the training of wind instruments (e.g. flute, clarinet, oboe, etc.) or strings (viola, cello,
contrabass) other than the violin. Furthermore, it was concluded that a limited number of studies in the field
of music theory had been carried out, and there was a lack of studies focused on vocal training using AR
technology.

- According to the methodological features of the studies examined, it was revealed that the most commonly
used methodology was user experience. It was observed that the studies conducted in recent years showed
a tendency toward this type of research. In addition, experimental, case study, mixed, and action research
models were also used in the study group publications.

- As aresult of the research, it was determined that the most preferred sample group was K-12 (kindergarten
and primary school) and undergraduate students. None of the studies included the participation of academic
staff, secondary and high school students, or teachers.

- Various data collection tools, such as questionnaires, scales, observation, and interviews were used in the
studies examined. In particular, recent research has shown a widespread use of usability scales in these
studies. It was also observed that achievement tests were not applied in any of the studies. Additionally,
while descriptive statistical techniques were most commonly used in quantitative data analysis, direct
observation notes were included, and user opinions were described in the qualitative data analysis.

- Based on the study’s findings, it has been revealed that AR applications used in music education have
certain advantages. These advantages include 1) the effectiveness of 3D-supported applications in
improving cognitive skills and facilitating learning; 2) their attractive and entertaining nature due to their
game-based approach, which increases motivation and success, particularly in instrument training; 3) the
ability to create an environment for self-learning for beginners by providing visual guides such as rolling
notes and virtual hands; 4) the ability to be used in real-time due to the visualization of virtual information
on real instruments; 5) developing teamwork skills and social development through some applications that
allow collaboration; 6) the economic aspect of being easily accessible via mobile devices.

- In addition to the advantages revealed in the research, certain limitations were also identified related to
these applications: 1) technical difficulties, such as markers not being fully perceived due to insufficient
lighting, 2) the screens of mobile phones not being large enough and limitations related to the field of view
of the HMD, 3) limited gains in music education due to specific limitations in content development, 4) the
limited use of HMD and HoloLens due to discomfort caused by long-term use.

8. Suggestions and Future Work

Augmented reality technology can concretize abstract concepts and visually enrich elements that are
difficult to understand, thereby positively contributing to the learning process, particularly for children.
One of the most significant characteristics of today's children is their close following and utilization of
technological advancements. The new generation can remarkably adapt to the various technological
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innovations brought by the digital age, and they can utilize technology-related tools quickly and efficiently,
enhancing their creativity. Therefore, it is believed that integrating augmented reality technology into music
education can positively impact students’ creativity levels if incorporated into schools' art education
programs, provided that the necessary infrastructure is in place. In this regard, interdisciplinary
collaborations could be carried out with music educators to explore the potential of augmented reality
technology in music education.

According to research, AR applications used in music education have been developed for beginners.
However, developing applications for intermediate- and advanced-level students is also possible.
Additionally, the research findings indicate that most AR applications are focused on instrumental
education, particularly in the categories of piano and guitar. Future research could prioritize less explored
or unexplored areas such as music theory, strings, wind instruments, and vocal training.

There is a lack of research on using augmented reality technology in music education for students with
disabilities among the studies examined. Developing AR applications specifically tailored for these students
could enable them to participate in music education actively. For instance, the differences between the
durations of the notes (whole note, quarter note, eighth note, etc.) or intervals expressing the distance
between two sounds can be visualized with AR technology and made concrete for hearing-disability
students.

To minimize the limitations encountered when using augmented reality applications in music education, it
is essential to test and evaluate the applications and make necessary adjustments after gathering participant
feedback. This can be done by conducting a design and development model in future studies.

This research involves studies conducted until (and including) 2020. In future research, the utilization of
AR technology in music education can be examined by analyzing studies conducted from 2021 onward.
Thus, trends and developments in the use of AR technology in music education can be identified, and the
evolution of its implementation can be determined.

References

Abdiisselam, M. S. (2014). Fizik 6gretiminde artirilmis gergeklik ortamlarinin kullanimlarina iliskin
Ogretmen ve 6grenci goriisleri: 11. sinif manyetizma konusu 6rnegi [Teachers’ and students’ views
on using augmented reality environments in physics education: 11th grade magnetism topic
example]. Pegem Egitim ve Ogretim Dergisi, 4(1), 59-74.

Abdiisselam, M. S. (2016). Artirilmis gerceklik tarayicilari [Augmented reality browsers]. A. Isman, H. F.
Odabas1 & B. Akkoyunlu (Eds), In Egitim Teknolojleri Okumalari (pp. 19-36).

Akbag, M. F. and Giingor, C. (2017). Artirilmis gerceklikte isaretci tabanli takip sistemleri lizerine bir
literatiir ¢aligmasi ve tasarlanan ¢ok katmanli isaret¢ci modeli [A survey on marker-based tracking
systems in augmented reality and design of multi-layer marker model]. Journal of Science and
Engineering, 19(56), 599-619. DOI: 10.21205/deufmd. 2017195656

Akcayir, M., & Akcayir, G. (2016). Universite dgrencilerinin yabanci dil egitiminde artirilmus gergeklik
teknolojisi kullanimina yonelik goriisleri [University students’ opinions about use of augmented
reality in foreign language teaching]. Erzincan Universitesi Egitim Fakiiltesi Dergisi, 18(2), 1169-
1186. https://dergipark.org.tr/tr/pub/erziefd/issue/28295/300571

Akcayir, M., & Akgayir, G. (2017). Advantages and challenges associated with augmented reality for
education: A systematic review of the literature. Educational Research Review, 20, 1-11.
https://doi.org/10.1016/j.edurev.2016.11.002

Altinpulluk, H. & Kesim, M. (2015). Gegmisten giiniimiize artirilmis gergeklik uygulamalarinda
gergeklesen paradigma degisimleri [Paradigm shifts in augmented reality applications from the past

472


https://dergipark.org.tr/tr/pub/erziefd/issue/28295/300571
https://doi.org/10.1016/j.edurev.2016.11.002

JETOL 2023, Volume 6, Issue 2, 447-481 Apaydinl, K.

to the present]. XV. Akademik Bilisim Konferansi, Anadolu Universitesi Yaymlari, Eskisehir.
https://www.researchgate.net/publication/272164083 _Gecmisten Gunumuze Artirilmis_Gercekli
k_Uygulamalarinda_Gerceklesen Paradigma_Degisimleri

Altinpulluk, H. (2018). Tiirkiye’de artirilmis gergeklikle ilgili hazirlanan tezlerin bibliyometrik analiz
yontemiyle incelenmesi [Examination of theses on augmented reality in Turkey through
bibliometric analysis method]. Egitim Teknolojisi Kuram ve Uygulama, 8(1), 248-272.
https://doi.org/10.17943/etku.337347.

Altinpulluk, H. (2019). Determining the trends of using augmented reality in education between 2006-2016.
Education and Information Technologies, 24, pp. 1089—-1114.

Aricy, F., Yildirim, P., Caliklar, S., & Yilmaz, R. M. (2019). Research trends in the use of augmented reality
in science education: Content and bibliometric mapping analysis. Computers & Education, 142, 1-
23. https://doi.org/10.1016/j.compedu.2019.103647

Azuma, R. T. (1997). A survey of augmented reality. Presence: Teleoperators and Virtual Environments,
6(4), 355-385. https://doi.org/10.1162/pres.1997.6.4.355.

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

Batdi, V., & Talan, T. (2019). Augmented reality applications: A meta-analysis and thematic analysis.
Turkish Journal of Education, 8(4), 276-297. https://doi.org/10.19128/turje.581424

Berry, R., Makino, M., Hikawa, N., & Suzuki, M. (2003). The augmented composer project: The music
table. Proceedings of 2nd IEEE and ACM International Symposium on Mixed and Augmented
Reality, 338-339. https://doi.org/10.1109/ISMAR.2003.1240749.

Billinghurst, M., Clark, A., & Lee, G. (2015). A survey of augmented reality. Foundations and Trends in
Human—Computer Interaction, 8(2-3), 73-272. http://dx.doi.org/10.1561/1100000049.

Billinghurst, M. (2018). Where in the world is AR research happening? Retrieved from
https://marknb00.medium.com/where-in-the-world-is-ar-vr-research-happening-ddebbdc6436b

Bowen, G. A. (2009). Document analysis as a qualitative research method. Qualitative Research Journal,
9(2), 27-40.

Bower, M., Howe, C., McCredie, N., Robinson, A. and Grover, D. (2014) Augmented reality in education
— cases, places and potentials, FEducational Media International, 51(1), 1-15,
https://doi.org/10.1080/09523987.2014.889400

Biiyiikoztiirk, S., Kilig¢ Cakmak, E., Akgiin, O. E., Karadeniz, S. and Demirel, F. (2020). Egitimde Bilimsel
Arastirma Yontemleri. (29. baski). [Scientific Research Methods in Education]. Ankara: Pegem
Akademi.

Caudell, T. P. and Mizell, D. W. (1992). Augmented reality: An application of heads-up display technology
to manual manufacturing processes. In Proceedings of the Twenty-Fifth Hawaii International
Conference on System Sciences, Vol.2, pp. 659-669, DOI: 10.1109/HICSS.1992.183317.

Challenor, J., and Ma, M. A. (2019). Review of augmented reality applications for history education and
heritage  visualization.  Multimodal =~ Technologies  and  Interaction.  3(2), 1-20.
https://doi.org/10.3390/mti3020039

Chen, P., Liu, X., Cheng, W., & Huang, R. (2017). A review of using augmented reality in education from
2011 to 2016. In E. Popescu, Kinshuk, M. K. Khribi, R. Huang, M. Jemni, N.-S. Chen, & D. G.
Sampson (Eds.), [Innovations in Smart Learning, pp. 13-18. Springer Singapore.
https://doi.org/10.1007/978-981-10-2419-1 2.

473


https://www.researchgate.net/publication/272164083_Gecmisten_Gunumuze_Artirilmis_Gerceklik_Uygulamalarinda_Gerceklesen_Paradigma_Degisimleri
https://www.researchgate.net/publication/272164083_Gecmisten_Gunumuze_Artirilmis_Gerceklik_Uygulamalarinda_Gerceklesen_Paradigma_Degisimleri
https://doi.org/10.17943/etku.337347
https://doi.org/10.1162/pres.1997.6.4.355
https://doi.org/10.19128/turje.581424
https://doi.org/10.1109/ISMAR.2003.1240749
http://dx.doi.org/10.1561/1100000049
https://marknb00.medium.com/where-in-the-world-is-ar-vr-research-happening-ddebbdc6436b
https://doi.org/10.1080/09523987.2014.889400
https://doi.org/10.3390/mti3020039
https://doi.org/10.1007/978-981-10-2419-1_2

JETOL 2023, Volume 6, Issue 2, 447-481 Apaydinl, K.

Cheng, K. H. & Tsai, C. C. (2013). Affordances of augmented reality in science learning: suggestions for
future research. Journal of Science Education and Technology, 22(4), 449-462.
https://doi.org/10.1007/s10956-012-9405-9.

Chiang, T. H. C., Yang, S. J., & Hwang, G.-J. (2014). An augmented reality-based mobile learning system
to improve students’ learning achievements and motivations in natural science inquiry activities.
Educational Technology & Society, 17(4), 352-365.

Chitaniuc, M. and Iftene, A. (2018). GeoAR - An augmented reality application to learn geography.
Romanian Journal of Human-Computer Interaction, 11(2), 93-108.
http://rochi.utcluj.ro/rrioc/articole/RRIOC-11-2-Chitaniuc.pdf

Cohen, L., Manion, L., & Morrison, K. (2018). Research methods in education (8th ed). Routledge.

Chouvatut, V., & Jindaluang, W. (2013). Virtual piano with real-time interaction using automatic marker
detection. Proceedings of the 17th International Computer Science and Engineering Conference
(ICSEC), 222-226. https://doi.org/10.1109/ICSEC.2013.6694783

Craig, Alan B. (2013). Understanding augmented reality: Concepts and applications. Amsterdam: Morgan
Kaufmann Publishers

Creswell, J. W. (2013). Qualitative inquiry and research design: Choosing among five approaches.
Thousand Oaks, CA: Sage Publications.

Creswell, J. W. (2015). Educational research: Planning, conducting, and evaluating quantitative and
qualitative research (Fifth edition). Pearson.

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. doi:
10.1016/j.compedu.2012.03.002

Dogan, O., & Baloglu, N. (2020). Universite dgrencilerinin Endiistri 4.0 kavramsal farkindalik diizeyleri
[Industrial 4.0 conceptual awareness levels of university students]. TUBAV Bilim Dergisi, 13(1),
126-142. https://dergipark.org.tr/tr/pub/tubav/issue/53845/68834 1

Erbag, C., & Atherton, S. (2020). A content analysis of augmented reality studies published in 2017. Journal
of Learning and Teaching in Digital Age, 5(1), 7-15.

Fidan, M., & Tuncel, M. (2018). Augmented reality in education researches (2012-2017): A content
analysis. Cypriot Journal of Educational Sciences, 13(4), 577-589.
https://doi.org/10.18844/cjes.v13i4.3487

Figueiredo, M., Gomes, J., Gomes, C., Lopes, J. (2014). Augmented reality tools and learning practice in
mobile-learning. In: Stephanidis, C., Antona, M. (eds) Universal Access in Human-Computer
Interaction. Universal Access to Information and Knowledge. UAHCI 2014. Lecture Notes in
Computer Science, vol 8514. Springer, Cham, pp.301-312. https://doi.org/10.1007/978-3-319-
07440-5_28

Finfgeld-Connett, D. (2014) Use of content analysis to conduct knowledge-building and theory-generating
qualitative systematic reviews. Qualitative Research, 14 (3), pp. 341-52.

Garzoén, J., Kinshuk, Baldiris, S., Gutiérrez, J., & Pavon, J. (2020). How do pedagogical approaches affect
the impact of augmented reality on education? A meta-analysis and research synthesis. Educational
Research Review, 31, 1-19. https://doi.org/10.1016/j.edurev.2020.100334.

Goktas, Y., Kiiciik, S., Aydemir, M., Telli, E., Arpacik, O., Yildirim, G., & Reisoglu, 1. (2012). Educational
technology research trends in turkey: a content analysis of the 2000-2009 decade. Educational
Sciences: Theory & Practice, 12(1), 191-196.

474


http://rochi.utcluj.ro/rrioc/articole/RRIOC-11-2-Chitaniuc.pdf
https://doi.org/10.1109/ICSEC.2013.6694783
https://dergipark.org.tr/tr/pub/tubav/issue/53845/688341
https://doi.org/10.18844/cjes.v13i4.3487
https://doi.org/10.1007/978-3-319-07440-5_28
https://doi.org/10.1007/978-3-319-07440-5_28
https://doi.org/10.1016/j.edurev.2020.100334

JETOL 2023, Volume 6, Issue 2, 447-481 Apaydinl, K.

Gorciin O. (2017). Endiistri 4.0 [Industry 4.0]. Istanbul: Beta Yayinlari

Hassenzahl, M., & Tractinsky, N. (2006). User experience - a research agenda. Behavior & Information
Technology, 25(2), 91-97.

Herrero, G., Barbancho, 1., Tardon, L. J., Rosa-Pujazon, A., & Barbancho, A. M. (2015). Drumkit simulator
from everyday desktop objects. Multimedia Tools and Applications, 74(23), 10195-10213.
https://doi.org/10.1007/s11042-014-2159-z

Holley, D., Hobbs, M., & Menown, C. (2016). The augmented library: Motivating STEM students.
Networks, 19, 77-84.

Hughes, C. E., & Stapleton, C. B. (2005). The shared imagination: creative collaboration in augmented
virtuality. Proceedings of the International Conference on Human-Computer Interaction, 22-27.

Icten, T., & Bal, G. (2017a). Artirilmis gergeklik teknolojisi iizerine yapilan akademik ¢alismalarin igerik
analizi [A content analysis of the academic works on the augmented reality technology]. Biligim
Teknolojileri Dergisi, 10(4), 401-415. https://doi.org/10.17671/gazibtd.290253

Igten, T., & Bal, G. (2017b). Artirilmus gerceklik iizerine son gelismelerin ve uygulamalarin incelenmesi
[Review of recent developments and applications in augmented reality]. Gazi University Journal of
Science Part C: Design and Technology, 5(2), 111-136.

Kalkanoglu, B. (2020). a review of mobile applications designed with augmented reality for music
education: an ios operating system example. In G. Kurt (Ed.), A4cademic Researches in Educational
Sciences (pp. 7-35). Duvar Publishing.

Kapucu, M. S., & Yildirim, 1. (2019). Tiirkiye’de sanal ve artirilmis gerceklik {izerine egitimde yapilan
calismalara iliskin metodolojik bir inceleme [Methodological review of the studies performed on
virtual reality and augmented reality in education in Turkey]. Akademik Bakis Uluslararasi Hakemli
Sosyal Bilimler Dergisi, 73,26-46.

Kara, A. (2018). Artirilmis gerceklik uygulamalarimin egitimde kullanilmasina yonelik arastirmalarin
incelenmesi [Investigation of research on the use of augmented reality practices in education].
(Unpublished master thesis), Ataturk University, Institute of Educational Sciences, Erzurum,
Turkey.

Karasar, N. (2012). Bilimsel Arastirma Yontemleri [Scientific Research Methods]. Ankara: Nobel
Yaymcilik.

Ke, F., and Hsu, Y. C. (2015). Mobile augmented-reality artifact creation as a component of mobile
computer-supported collaborative learning. The Internet and Higher Education, 26, 33-41. doi:
10.1016/j.iheduc.2015.04.003

Kirner, T. G., Reis, F. M. V., & Kirner, C. (2012). Development of an interactive book with Augmented
Reality for teaching and learning geometric shapes. Proceedings of 7th lberian Conference on
Information Systems and Technologies (CISTI), 1-6. Retrieved from
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6263179

Korucu, A. T., Usta, E., & Yavuzarslan, I. F. (2016). Egitimde artirilmis gerceklik teknolojilerinin
kullanimi: 2007-2016 doneminde tiirkiye’de yapilan arastirmalarin igerik analizi [Using Augmented
Reality in Education: A Content Analysis of the Studies in 2007-2016 Period]. Journal of Subject
Teaching Research, 2(2), 81-92

Kuzu, A., Cankaya, S., & Misirli, Z. A. (2011). Tasarim tabanli arastirma ve 6grenme ortamlarinin tasarimi
ve gelistirilmesinde kullanim1 [Design-based research and its implementation in the design and

475


https://doi.org/10.1007/s11042-014-2159-z
https://doi.org/10.17671/gazibtd.290253
https://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6263179

JETOL 2023, Volume 6, Issue 2, 447-481 Apaydinl, K.

development of learning environments]. Anadolu Journal of Educational Sciences International,
1(1), 19-35.

Lee, K. (2012). Augmented reality in education and training. TechTrends, 56(2), 13-21.

Lune, H. & Berg, B. L. (2017). Qualitative research methods for the social sciences (Ninth ed.). London:
Pearson Education.

Ma,J. Y., & Choi, J. S. (2007). The virtuality and reality of augmented reality. Journal of Multimedia, 2(1),
32-37.

Mann, S. (1997). Wearable computing: A first step toward personal imaging. Computer, 30(2), pp. 25-32.

Martins, V. F., Gomez, L., & Dionisio Corréa, A. G. (2015). Teaching children musical perception with
MUSIC-AR. EAI Endorsed Transactions on E-Learning, 2(5), 1-8. https://doi.org/10.4108/el.2.5.e3

Martin-Gutiérrez, J., Fabiani, P., Benesova, W., Meneses, M. D., & Mora, C. E. (2015). Augmented reality
to promote collaborative and autonomous learning in higher education. Computers in Human
Behavior, 51, 752-761.

Milgram, P., & Kishino, F. (1994). A Taxonomy of mixed reality visual displays. /[EICE Transactions on
Information Systems, E77-D(12), 1321-1329.

Milgram, P., Takemura, H., Utsumi, A., & Kishino, F. (1995, December). Augmented reality: A class of
displays on the reality-virtuality continuum. Proceedings of SPIE Volume 2351, Telemanipulator
and Telepresence Technologies, pp. 282-292. https://doi.org/10.1117/12.197321

Mistry, P., Maes, P., & Chang, L. (2009). WUW - wear ur world - A wearable gestural interface. Paper

presented at the Conference on Human Factors in Computing Systems - Proceedings, 4111-4116.
https://doi.org/10.1145/1520340.1520626

Ozaydin Aydogdu, Y., & Eryilmaz, S. (2019). Yiiksekdgretim kurumlarmda artirilmis gerceklik
uygulamalarina yonelik yapilmis arastirmalarin incelenmesi [Investigation of Researches on
Augmented Reality Applications in Higher Education Institutions]. Kastamonu Egitim Dergisi,
27(5), 2129-2140. https://doi.org/10.24106/kefdergi.3381

Oztemel, E. (2018). Egitimde yeni yonelimlerin degerlendirilmesi ve Egitim 4.0 [Assessment of new trends
in education and Education 4.0]. Universite Arastirmalart Dergisi, 1(1), 25-30.

Palanci, A., & Turan, Z. (2021). How does the use of the augmented reality technology in mathematics
education affect learning processes?: A systematic review. International Journal of Curriculum and
Instructional Studies, 11(1), 89-110.

Patton, M. Q. (2002). Qualitative research and evaluation methods (3rd Ed.). London: Sage Publications.

Phan, V. T., & Choo, S. (2010). Interior design in augmented reality in environment. International Journal
of Computer Applications, 5(5), 16-21.
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.206.2955&rep=rep1 &type=pdf

Poetker, B. (2019). A brief history of augmented reality (Future trends & impact). Retrieved from
https://www.g2.com/articles/history-of-augmented-reality

Redondo, B., Cézar-Gutiérrez, R., Gonzéalez-Calero, J.A., and Sanchez Ruiz, R. (2020). Integration of
augmented reality in the teaching of English as a foreign language in early childhood education.
Early Childhood Education Journal, 48, 147—-155. https://doi.org/10.1007/s10643-019-00999-5

Saidin, N. F., Abd Halim, N. D., & Yahaya, N. (2015). a review of research on augmented reality in
education: advantages and applications. International Education Studies, 8(13), 1-8.

476


https://doi.org/10.4108/el.2.5.e3
https://doi.org/10.1117/12.197321
https://doi.org/10.1145/1520340.1520626
https://doi.org/10.24106/kefdergi.3381
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.206.2955&rep=rep1&type=pdf
https://www.g2.com/articles/history-of-augmented-reality
https://doi.org/10.1007/s10643-019-00999-5

JETOL 2023, Volume 6, Issue 2, 447-481 Apaydinl, K.

Scales, Tim. (2018) The reality from virtual reality, /nternational Journal of the Academic Business World.
12(2), 67-68.

Serafin, S., Adjorlu, A., Nilsson, N., Thomsen, L., & Nordahl, R. (2017). Considerations on the use of
virtual and augmented reality technologies in music education. Virtual Reality Workshop on K-12
Embodied  Learning  through Virtual ~ Augmented  Reality  (KELVAR), 1-4.
https://doi.org/10.1109/KELVAR.2017.7961562

Sirakaya, M., & Alsancak Sirakaya, D. (2018). Trends in educational augmented reality studies: A
systematic review. Malaysian Online Journal of Educational Technology, 6(2), 60-74.
https://doi.org/10.17220/mojet.2018.02.005

Sirakaya, M., & Alsancak Sirakaya, D. (2020). Augmented reality in STEM education: A systematic
review. Interactive Learning Environments, 30(8), 1556-1569.
https://doi.org/10.1080/10494820.2020.1722713

Somyiirek, S. (2014). Ogretim siirecinde z kusagnin dikkatini ¢ekme: Artirilmis gergeklik [Gaining the
attention of generation z in learning process: Augmented reality]. Egitim Teknolojisi Kuram ve
Uygulama, 4(1), 63-80. https://dergipark.org.tr/tr/pub/etku/issue/6268/84211

Sozbilir, M., Kutu, H., & Yasar, M. D. (2012). Science education research in Turkey: A content analysis
of selected features of published papers. In D. Jorde & J. Dillon (Ed.), Science Education Research
and Practice in Europe (pp. 341-374). Sense Publishers. https://doi.org/10.1007/978-94-6091-900-
8 14

Suwichai, P. (2014). Applying augmented reality technology to promote traditional Thai folk musical
instruments on postcards, Proceedings of International Conference on Computer Graphics,
Multimedia and Image Processing, pp. 64-68

Siinger, 1., & Cankaya, S. (2019). Augmented reality: Historical development and area of usage. Journal
of Educational Technology and Online Learning, 2(3), 118-133.
https://doi.org/10.31681/jetol.615499

Theodoropoulos, A., & Lepouras, G. (2021). Augmented reality and programming education: A systematic
review. International ~ Journal  of  Child-Computer  Interaction, 30, 1-16.
https://doi.org/10.1016/j.1jcc1.2021.100335

Tolentino, L., Birchfield, D., Megowan-Romanowicz, C., Johnson-Glenberg, M. C., Kelliher, A., &
Martinez, C. (2009). Teaching and learning in the mixed-reality science classroom. Journal of
Science Education and Technology, 18(6), 501-517.

Tomi, A. B., & Rambli, D. R. A. (2013). An interactive mobile augmented reality magical playbook:
Learning number with the thirsty crow. Procedia Computer Science, 25, 123-130.

Tripathi, U., Tripathi, U., & Singh, S. (2017). A case study for Microsoft HoloLens. GADL Journal of
Inventions in  Computer  Science and  Communication  Technology, 3(3), 1-4.
https://gadlonline.com/storage/app/public/papers/September202 1 /umeOHlzsnEq8KuJEixf4.pdf

Turchet, L., Hamilton, R., & Camci, A. (2021). Music in Extended Realities. IEEE Access, 9, 15810-15832.
https://doi.org/10.1109/ACCESS.2021.3052931

Turhan, M. E., Metin, M., & Ezberci Cevik, E. (2022). A content analysis of studies published in the field
of augmented reality in education. Journal of Educational Technology and Online Learning, 5(1),
243-262. https://doi.org/10.31681/jet0l.925340

Tirker, O. (2021). Egitimde artirilmis gerceklik teknolojisi lizerine yapilmis akademik tezlerin
bibliyografik yontemle incelenmesi [A study on the theses and dissertations about the augmented

477


https://doi.org/10.1109/KELVAR.2017.7961562
https://doi.org/10.17220/mojet.2018.02.005
https://doi.org/10.1080/10494820.2020.1722713
https://dergipark.org.tr/tr/pub/etku/issue/6268/84211
https://doi.org/10.1007/978-94-6091-900-8_14
https://doi.org/10.1007/978-94-6091-900-8_14
https://doi.org/10.31681/jetol.615499
https://doi.org/10.1016/j.ijcci.2021.100335
https://gadlonline.com/storage/app/public/papers/September2021/ume0HlzsnEq8KuJEixf4.pdf
https://doi.org/10.1109/ACCESS.2021.3052931
https://doi.org/10.31681/jetol.925340

JETOL 2023, Volume 6, Issue 2, 447-481 Apaydinl, K.

reality technology in education through bibliographic research method]. Abant Izzet Baysal
Universitesi Egitim Fakiiltesi Dergisi, 21(1), 21-34.
https://doi.org/10.17240/aibuefd.2021.21.60703-820404

Wojciechowski, R., & Cellary, W. (2013). Evaluation of learners’ attitude toward learning in ARIES
augmented  reality environments. Computers &  Education, 68, 570-585.
https://doi.org/10.1016/j.compedu.2013.02.014

Yakubova, G., Defayette, M.A., Chen, B.B. and Proulx, A. L. (2021). The use of augmented reality
interventions to provide academic instruction for children with autism, intellectual, and
developmental disabilities: An evidence-based systematic review. Review Journal of Autism and
Developmental Disorders. https://doi.org/10.1007/s40489-021-00287-2

Yang, Z. Y. (2020). Modern piano teaching technologies: Accessibility, effectiveness, the need for
pedagogues. llkégretim Online, 19(3), 1812-1819. https://doi.org/10.17051/ilkonline.2020.735171.

Yildirim, A., & Simsek, H. (2021). Sosyal Bilimlerde Nitel Arastirma Yontemleri (12.Bask1) [Qualitative
Research Methods in Social Sciences]. Ankara: Seckin Yayincilik.

Yildiz, E. P. (2019). Trends of augmented reality applications and research throughout the world: Meta-
analysis of theses, articles and papers. Education & Technology, 1(1) 30-56.

Yilmaz, R. M., & Goéktas, Y. (2018). Using augmented reality technology in education. Cukurova
Universitesi Egitim Fakiiltesi Dergisi, 47(2), 510-537.
https://dergipark.org.tr/tr/pub/cuefd/issue/40033/376066

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.
DOI: 10.18785/jetde.0401.10

Zhang, G., Zhou, X., Tian, F., Zha, H., Wang, Y., and Bao, H. (2021). The present and future of mixed
reality in China. Communications of the ACM, 64(11), 64-69. https://doi.org/10.1145/3481619

Zhaparov, M. K., & Assanov, U. (2014). Augmented reality based on Kazakh instrument “Dombyra”.
Proceedings of the 8th International Conference on Application of Information and Communication

Technologies (AICT), 138-141. https://doi.org/10.1109/ICAICT.2014.7035929

Zhou, Z., Cheok, A. D., Wei Liu, Chen, X., Farbiz, F., Yang, X., & Haller, M. (2004). Multisensory musical
entertainment systems. /[EEE Multimedia, 11(3), 88-101. https://doi.org/10.1109/MMUL.2004.13

Zhou, F., Duh, H.-L., & Billinghurst, M. (2008). Trends in augmented reality tracking, interaction and
display: A review of ten years in ISMAR. 7th IEE/ACM International Symposium on Mixed and
Augmented Reality, Cambridge, (15-18 September), pp- 193-202.
https://ieeexplore.ieee.org/document/4637362

Internet Sources

URL-1: https://www.ronaldazuma.com/ (Date Accessed: 28.12.2021)

URL-2: http://www.gerardfriel.com/ar/the-history-of-ar/ (Date Accessed: 09.01.2022)
URL-3: https://www.charpstar.se/ar-timeline-since-1950/ (Date Accessed: 09.01.2022)

URL-4: https://www.pranavmistry.com/archived/projects/sixthsense/#PUBLICATIONS (Date Accessed:
09.01.2022)

URL-5: https://www.cnet.com/tech/mobile/everything-you-need-to-know-about-google-glass-faq/ (Date
Accessed: 11.01.2022)

478


https://doi.org/10.17240/aibuefd.2021.21.60703-820404
https://doi.org/10.1016/j.compedu.2013.02.014
https://doi.org/10.1007/s40489-021-00287-2
https://doi.org/10.17051/ilkonline.2020.735171
https://dergipark.org.tr/tr/pub/cuefd/issue/40033/376066
https://doi.org/10.1145/3481619
https://doi.org/10.1109/ICAICT.2014.7035929
https://doi.org/10.1109/MMUL.2004.13
https://ieeexplore.ieee.org/document/4637362
https://www.ronaldazuma.com/
http://www.gerardfriel.com/ar/the-history-of-ar/
https://www.charpstar.se/ar-timeline-since-1950/
https://www.pranavmistry.com/archived/projects/sixthsense/#PUBLICATIONS
https://www.cnet.com/tech/mobile/everything-you-need-to-know-about-google-glass-faq/

JETOL 2023, Volume 6, Issue 2, 447-481 Apaydinl, K.

URL-6:https://www.onmsft.com/news/hololens-3-could-launch-in-4-years-with-infinite-field-of-view-
says-alex-kipman (Date Accessed: 11.01.2022)

Appendix. Studies included in the Content Analysis

Berry, R., Makino, M., Hikawa, N., Suzuki, M., & Inoue, N. (2006). Tunes on the table. Multimedia
Systems, 11(3), 280-289. https://doi.org/10.1007/s00530-005-0008-7

Cai, M., Amrizal, M. A., Abe, T., & Suganuma, T. (2019a). Design of an AR-Based System for Group
Piano Learning. I[EEE International Symposium on Mixed and Augmented Reality Adjunct (ISMAR-
Adjunct), 20-21. https://doi.org/10.1109/ISMAR-Adjunct.2019.00020

Cai, M., Amrizal, M. A., Abe, T., & Suganuma, T. (2019b). Design and Implementation of AR-Supported
System for Piano Learning. Proceedings of 8th Global Conference on Consumer Electronics
(GCCE), 49-50. https://doi.org/10.1109/GCCE46687.2019.9015530

Chow, J., Feng, H., Amor, R., & Wunsche, B. C. (2013). Music Education using Augmented Reality with
a Head Mounted Display. Fourteenth Australasian User Interface Conference (AUIC2013), 139,
73-79.

Correa, A. G. D., Lemos, B. H. V., Nascimento, M., & Lopes, R. D. (2016). AR Musical App for Children’s
Musical Education. Proceedings of IEEE International Symposium on Consumer Electronics, 125-
126. https://doi.org/10.1109/ISCE.2016.7797403

De Sorbier, F., Shiino, H., & Saito, H. (2012). Violin Pedagogy for Finger and Bow Placement using
Augmented Reality. Proceedings of 4th Asia-Pacific Signal and Information Processing
Association Annual Summit and Conference, Hollywood, USA.
https://www.researchgate.net/publication/259827609_Violin_pedagogy for finger and bow_plac
ement_using_augmented_reality

Del Rio-Guerra, M. S., Martin-Gutierrez, J., Lopez-Chao, V. A., Flores Parra, R., & Ramirez Sosa, M. A.
(2019). AR graphic representation of musical notes for self-learning on guitar. Applied Sciences,
9(21), 1-14. https://doi.org/10.3390/app9214527

Fernandez, C. A. T., Paliyawan, P., Yin, C. C., & Thawonmas, R. (2016). Piano learning application with
feedback provided by an AR virtual character. Proceedings of 5th Global Conference on Consumer
Electronics, 1-2. https://doi.org/10.1109/GCCE.2016.7800380

Gomes, J. D. C., Figueiredo, M. J. G., Amante, L. da G. C. D., & Gomes, C. M. C. (2014). Musical Peddy-
Paper: A Collaborative Learning Activity Supported by Augmented Reality. Proceedings of 11th
International Conference on Cognition and Exploratory Learning in Digital Age, 221-224.

Gomes, J. D. C., Figueiredo, M. J. G., Amante, L. da G. C. D., & Gomes, C. M. C. (2015). Augmented
reality exhibition depicting the aesthetic periods of music history. Proceedings of the 7th
International Conference on Digital Arts (ARTECH), 31-37.

Goodwin, A., & Green, R. (2013). Key detection for a virtual piano teacher. Proceedings of 28th
International Conference on Image and Vision Computing New Zealand (IVCNZ 2013), 282-287.
https://doi.org/10.1109/IVCNZ.2013.6727030

Hackl, D., & Anthes, C. (2017). HoloKeys—An Augmented Reality Application for Learning the Piano.
Proceedings of the 10th Forum Media Technology, 140-144.

Huang, F., Zhou, Y., Yu, Y., Wang, Z., & Du, S. (2011). Piano AR: A Markerless Augmented Reality
Based Piano Teaching System. 2011 Third International Conference on Intelligent Human-Machine
Systems and Cybernetics, 47-52. https://doi.org/10.1109/THMSC.2011.82

479


https://www.onmsft.com/news/hololens-3-could-launch-in-4-years-with-infinite-field-of-view-says-alex-kipman
https://www.onmsft.com/news/hololens-3-could-launch-in-4-years-with-infinite-field-of-view-says-alex-kipman
https://doi.org/10.1007/s00530-005-0008-7
https://doi.org/10.1109/ISMAR-Adjunct.2019.00020
https://doi.org/10.1109/GCCE46687.2019.9015530
https://doi.org/10.1109/ISCE.2016.7797403
https://www.researchgate.net/publication/259827609_Violin_pedagogy_for_finger_and_bow_placement_using_augmented_reality
https://www.researchgate.net/publication/259827609_Violin_pedagogy_for_finger_and_bow_placement_using_augmented_reality
https://doi.org/10.3390/app9214527
https://doi.org/10.1109/GCCE.2016.7800380
https://doi.org/10.1109/IVCNZ.2013.6727030
https://doi.org/10.1109/IHMSC.2011.82

JETOL 2023, Volume 6, Issue 2, 447-481 Apaydinl, K.

Juniawan, F. P., & Sylfania, D. Y. (2019). Augmented reality as learning medium for preservation of
traditional musical instruments in Bangka. EMITTER International Journal of Engineering
Technology, 7(2), 537-549. https://doi.org/10.24003/emitter.v7i2.416

Keebler, J. R., Wiltshire, T. J., Smith, D. C., Fiore, S. M., & Bedwell, J. S. (2014). Shifting the paradigm
of music instruction: Implications of embodiment stemming from an augmented reality guitar
learning system. Frontiers in Psychology, 5, 1-19. https://doi.org/10.3389/fpsyg.2014.00471

Keebler, J. R., Wiltshire, T. J., Smith, D. C., Fiore, S. M., Keebler, J. R., Wiltshire, T. J., Smith, D. C., &
Fiore, S. M. (2013). Picking Up STEAM: Educational implications for teaching with an augmented
reality guitar learning system. In R. Shumaker (Ed.), International Conference on Virtual,
Augmented  and  Mixed  Reality, pp. 170-178.  Springer Berlin  Heidelberg.
https://doi.org/10.1007/978-3-642-39420-1_19

Kerdvibulvech, C., & Saito, H. (2008). Guitarist fingertip tracking by integrating a Bayesian classifier into
particle filters. Advances in Human-Computer Interaction, 2008, Article ID 384749, 1-10.
https://doi.org/10.1155/2008/384749

Li, L. (2018). Application of augmented reality technology in piano teaching system design. Educational
Sciences: Theory & Practice, 18(5), 1712-1721. https://doi.org/10.12738/estp.2018.5.070

Lochtefeld, M., Gehring, S., Jung, R., & Kriiger, A. (2011). Using mobile projection to support guitar
learning. In: Dickmann, L., Volkmann, G., Malaka, R., Boll, S., Kriiger, A., Olivier, P. (eds).
International Symposium on Smart Graphics, Lecture Notes in Computer Science, vol. 6815, 103-
114. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-22571-0 9

Martin-Gutierrez, J., Del Rio Guerra, M. S., Lopez-Chao, V., Soto Gastelum, R. H., & Valenzuela
Bojorquez, J. F. (2020). Augmented reality to facilitate learning of the acoustic guitar. Applied
Sciences, 10(7), 1-14. https://doi.org/10.3390/app10072425

Martins, V. F., Gomes, L., & Guimardes, M. (2015). Challenges and possibilities of use of augmented
reality in education. Proceedings of 15th International Conference on Computational Science and
Its Applications (ICCSA), 9159, 223-233. https://doi.org/10.1007/978-3-319-21413-9 16

Molloy, W., Huang, E., & Wunsche, B. C. (2019). Mixed reality piano tutor: a gamified piano practice
environment. Proceedings of International Conference on Electronics, Information, and
Communication (ICEIC), 1-7. https://doi.org/10.23919/ELINFOCOM.2019.8706474

Motokawa, Y., & Saito, H. (2006). Support system for guitar playing using augmented reality display.
Proceedings of 5th IEEE and ACM International Symposium on Mixed and Augmented Reality,
243-244. https://doi.org/10.1109/ISMAR.2006.297825

Permana, F., Tolle, H., Utaminingrum, F., & Dermawi, R. (2019). Development of Augmented Reality
(AR) based Gamelan simulation with leap motion control. International Journal of Interactive
Mobile Technologies (IJIM), 13(12), 120-135. https://doi.org/10.3991/ijim.v13112.9270

Preka, G., & Rangoussi, M. (2019). Augmented reality and QR codes for teaching music to preschoolers
and kindergarteners: Educational intervention and evaluation. Proceedings of the 11th International
Conference on Computer Supported Education, 113-123.
https://doi.org/10.5220/0007682301130123

Raymaekers, L., Vermeulen, J., Luyten, K., & Coninx, K. (2014). Game of tones: Learning to play songs
on a piano using projected instructions and games. Proceedings of 32nd Annual ACM Conference
on Human Factors in Computing Systems, Toronto, Canada, 411-414.

480


https://doi.org/10.24003/emitter.v7i2.416
https://doi.org/10.3389/fpsyg.2014.00471
https://doi.org/10.1007/978-3-642-39420-1_19
https://doi.org/10.1155/2008/384749
https://doi.org/10.12738/estp.2018.5.070
https://doi.org/10.1007/978-3-642-22571-0_9
https://doi.org/10.3390/app10072425
https://doi.org/10.1007/978-3-319-21413-9_16
https://doi.org/10.23919/ELINFOCOM.2019.8706474
https://doi.org/10.1109/ISMAR.2006.297825
https://doi.org/10.3991/ijim.v13i12.9270
https://doi.org/10.5220/0007682301130123

JETOL 2023, Volume 6, Issue 2, 447-481 Apaydinl, K.

Rigby, L., Wiinsche, B. C., & Shaw, A. (2020). piARno—An augmented reality piano tutor. 32nd
Australian Conference on Human-Computer Interaction, 481-491.
https://doi.org/10.1145/3441000.3441039

Rogers, K., Weber, M., Rohlig, A., Weing, M., Gugenheimer, J., Konings, B., Klepsch, M., Schaub, F.,
Rukzio, E., & Seufert, T. (2014). P.I.LA.N.O.: Faster piano learning with interactive projection.

Proceedings of the Ninth ACM International Conference on Interactive Tabletops and Surfaces -
ITS ’14, 149-158. https://doi.org/10.1145/2669485.2669514

Rusifiol, M., Chazalon, J., & Diaz-Chito, K. (2018). Augmented songbook: An augmented reality
educational application for raising music awareness. Multimedia Tools and Applications, 77(11),
13773-13798. https://doi.org/10.1007/s11042-017-4991-4

Sun, C.-H., & Chiang, P.-Y. (2018). Mr. Piano: A portable piano tutoring system. Proceedings of IEEE
XXV International Conference on Electronics, Electrical Engineering and Computing
(INTERCON), 1-4. https://doi.org/10.1109/INTERCON.2018.8526423

Tan, K., & Lim, C. (2019). Malaysian Music Augmented Reality (MMAR): Development of traditional
musical instruments using augmented reality. International Journal of Innovative Technology and
Exploring Engineering, 8(4S), 340-345.

Torres, C., & Figueroa, P. (2018). learning how to play a guitar with the Hololens: A case study.
Proceedings of 44th Latin  American  Computer  Conference (CLEI), 606-611.
https://doi.org/10.1109/CLEI.2018.00078

Yamabe, T., Asuma, H., Kiyono, S., & Nakajima, T. (2011). Feedback design in augmented musical
instruments: A case study with an AR drum kit. Proceedings of the 17th International Conference
on Embedded and Real-Time Computing Systems and Applications, 126-129.
https://doi.org/10.1109/RTCSA.2011.27

Zeng, H., He, X., & Pan, H. (2019). FunPianoAR: A Novel AR application for piano learning considering
paired play based on multi-marker tracking. Journal of Physics: Conference Series, 012072, 1229,
1-6. https://doi.org/10.1088/1742-6596/1229/1/012072

Zhang, Y., Liu, S., Tao, L., Yu, C., Shi, Y., & Xu, Y. (2015). ChinAR: Facilitating Chinese Guqin learning
through interactive projected augmentation. Proceedings of the Third International Symposium of
Chinese CHI, 23-31. https://doi.org/10.1145/2739999.2740003

481


https://doi.org/10.1145/3441000.3441039
https://doi.org/10.1145/2669485.2669514
https://doi.org/10.1007/s11042-017-4991-4
https://doi.org/10.1109/INTERCON.2018.8526423
https://doi.org/10.1109/CLEI.2018.00078
https://doi.org/10.1109/RTCSA.2011.27
https://doi.org/10.1088/1742-6596/1229/1/012072
https://doi.org/10.1145/2739999.2740003

	1. Introduction
	2. What is Augmented Reality?
	2.1. History of Augmented Reality

	3. Related Studies and the Gap in the Field
	4. Purpose of the Study
	5. Methodology
	5.1. Research Design
	5.2. Research Sample
	5.3. Selection Criteria
	5.4. Selection Process
	5.5. Data Collecting Tools
	5.6. Data Analysis
	5.7. Validity and Reliability
	5.8. Ethical Consent of the Research

	6. Results and Discussion
	7. Conclusion
	8. Suggestions and Future Work
	References

