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Abstract: This research aims to develop Augmented Reality learning media for
deaf children at the elementary school level in recognizing musical instruments
and measuring their effectiveness on learning outcomes. The research method
used is research and development (R&D) and uses the Multimedia Development
Life Cycle development method. The effectiveness of the media was tested
using pretest-posttest. Data analysis techniques use the parametric statistical
test. The results of testing by media and content experts concluded that the
application was declared suitable for use as a learning medium. From the beta
test, it was discovered by 33 deaf students that Augmented Reality learning
media was well received. The t-test comparison test shows that there is a
difference, which means that the use of Augmented Reality learning media as a
medium for introducing musical instruments to deaf students has a positive
impact on learning outcomes.
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Introduction

Teaching students in the classroom with a real-world learning environment has
become the attention of teachers in recent years (Hwang et al., 2016). Besides that,
technology has emerged as part of education and positively impacts achieving educational
outcomes (Anggrawan, Hairani, et al., 2023). At the same time, augmented reality (AR) is a
digital technology that can improve real-world learning well equipped with sound effects,
graphics, text and animation (Kairu, 2021); and AR technology is able to realize the
absorption of a real-world learning environment beyond human perception (Ke et al., 2019).
System AR helps everyone's perception by more easily understanding the information
contained in it (Anggrawan, Saputri, et al., 2023). Therefore, it is not surprising that AR
learning media is gaining attention in the world of education, and it has been an effective
medium in learning activities (Ke et al., 2019). Apart from that, more and more research
institutions are currently conducting scientific research related to AR (Chen et al., 2019).
Unfortunately, although there has been a lot of research on AR, there is only a little research
in the field of education (Saidin et al., 2015). That is why, this study researches the
application of AR in learning.

Moreover, the use of technology is also a concern for academic researchers to apply it
in education (Nickl et al., 2022) (Anggrawan et al., 2018). In the meantime, educators have
long also emphasized that it is important and necessary to apply appropriate learning media to
support student learning (Hwang et al., 2011). Meanwhile, AR-based learning is able to
realize effective interaction between the real world and the virtual environment (Javornik,
2016) (Saidin et al., 2015) and presents a real interface for an object (Saidin et al., 2015).
This means in other words; AR learning is a learning media that is suitable for students to
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learn or get to know something as real physical objects. It is another reason AR was chosen
as a learning medium for deaf children in getting to understand musical instruments in this
study.

Previous researchers found that introducing musical instruments and learning music
had a fairly consistent emotional influence on students, for example, happiness, however,
students with hearing impairments have difficulty understanding music (Alice-Ann Darrow,
2016). Other researchers say that even though there are deaf individuals who are successful in
getting to know musical instruments, many parties are reluctant to involve deaf students in
learning about musical instruments because of the lack of ability of deaf students to learn
(Hash, 2013). Remember that effective, active, and innovative learning is mandatory for all
students (Alkhattabi, 2017; Bahl, 2020). Likewise, it must apply to deaf students as well as
other students, even if learning is disrupted by hearing loss.

This educational outcome is essential for the academic progress of deaf students,
especially in learning musical instruments. This research is unique compared to previous
related research or has novelty because the research conducted in this study has never been
undertaken by other researchers, including related research conducted by Bahl (2020),
Brétéché (2021), da Silva et al. (2020), Schmitz et al. (2020), Torppa & Huotilainen (2019),
Torres (2019), and Churchill (2015) even if the same article is related to deaf students or deaf
and hard of hearing students. Likewise, this study differs in purpose and research object
compared to several previous studies that similarly examined the use of augmented reality
technology, including related research conducted by Adel (2024) and Anggrawan et al.
(2023). This research is also different in research methods, topics and research focus from
previous studies conducted by Kairu (2021), Chen et al. (2019), and Wang et al. (2018).
Essentially, this study result has the implication of solving the problem of deaf student
learning.

There are several recent works that compare with this research. Sylvain Brétéché
(2021) investigated the body's sensitivity to sound and the visual dimension of music for the
deaf. Whereas Bahl (2020) qualitatively reviewed how deaf students participate in music and
education at a school. In the same year, da Silva et al (2020) conducted a literature study to
map scientific works on music education or music notation for the deaf, including analyzing
the obstacles or successes of education for people who are deaf or hard of hearing. In the
meantime, Schmitz et al (2020) researched by quantitatively analyzing the usefulness of
audio feedback technology for deaf people in experiencing music. In the previous year, R.
Torppa and M. Huotilainen (2019) examined the relationship between speech skills and
musical activities in children and adolescents with hearing loss.

Meanwhile, Torres (2019) reviews deaf people's perceptions of music. Previously,
Churchill (2015) offered a post-structural narrative approach to understanding music-making
by utilizing Foucault's power theory. Although previous research and the research in this
article both focus on deaf people, the difference lies in the research objectives and research
methods used. The methods of these previous studies are not design research and are also not
experimental research like the research in this article. However, the previous studies were
studies using qualitative, quantitative and literature review research methods. Apart from that,
previous studies did not build an AR system or observe the effect of learning by applying AR
technology to the learning of deaf students. In other words, although there are some related
studies on deaf people, none of them is the same as the research in this work.

Abdel (2024) systematically reviews previous AR research to synthesize themes
related to business management science that have been published. This previous research is
different in its research objectives, methods, and objects compared to the research in this
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article. Previous research was literature review research on research objects regarding the
themes of AR articles that have been published. Meanwhile, the research in this article
combines development research (design) and experiments with the research object of deaf
students. Anggrawan et al (2023) built mobile-based AR learning and examined the effect of
AR learning on independent learning outcomes. This previous research was a combination of
design and experimental research methods. This previous research method is the same as the
research method in this article, but the aims and research objects are different. The purpose
and object of prior research was to build an AR system as a learning medium for car engine
lubrication and cooling systems and review its effect on students' independent learning. In
contrast to the research in this article is building an AR system as a medium for learning
musical instruments for deaf students and the influence of AR on face-to-face learning
outcomes for deaf students.

Kairu (2021) conducted a literature study reviewing the benefits and challenges of
using web-based AR in educational environments. In contrast, Y. Chen et al., (2019)
reviewed the progress of augmented reality and described augmented reality technologies and
applications in several fields. Whereas previously, Wang et al (2018) observed the potential
for using AR to enhance the five senses in capturing information. The difference in AR
research conducted by previous researchers is that the method, topic and focus of the research
are different compared to the research in this article. The research methods of previous
studies were review and observation studies or not design and experimental research as in the
research in this article. Likewise, the previous studies' topics and focus were not on learning
musical instruments and not on learning deaf students as in the articles in this research. It
means that no previous research on AR has investigated the effect of applying AR technology
on deaf students' learning outcomes in recognizing musical instruments, as in the research in
this article. Therefore, this research developed Augmented Reality learning media for deaf
children at the elementary school level in recognizing musical instruments and measuring
their effectiveness.

Research Method

This research uses a Research and Development (R&D) method. R&D is a strategy
used to implement beneficial innovations and products aimed at promoting applied
knowledge and research-based creative practices (Ramota & Bialik, 2023). The R&D product
developed is an AR learning media to introduce musical instruments to deaf students at
elementary school level. Learning media is built using the Multimedia Development Life
Cycle (MDLC) stages, as presented in Figure 1. The MDLC process includes stages: concept,
design, materials collection, assembly, testing, and distribution (Anggrawan, Saputri, et al.,
2023). MDLC plays a role in the development of the designed model (Al-Jabari et al., 2019;
Aleem et al., 2016; Anggrawan, Saputri, et al., 2023). At the trial or testing stage, the validity
of the content and media is tested by experts, then is continued with surveying user
satisfaction and testing the effectiveness of AR learning media. Before conducting a
satisfaction survey and effectiveness test, the AR learning media that had been developed was
first implemented in face-to-face classes.
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Figure 1. MDLC process sequence

The technique for selecting samples uses accidental sampling. The sample group used for the
satisfaction survey and testing the effectiveness of AR learning media consisted of 33
elementary school students at 2 (two) special schools in West Lombok district and Mataram
City, West Nusa Tenggara Indonesia who could communicate via sign language (with the
help of the teacher). The survey instrument in this study used a Likert measurement scale
consisting of 4 answer choices, namely strongly agree, agree, disagree, and strongly disagree.
The effectiveness instrument used a pretest and posttest instruments. Data analysis techniques
use the parametric statistical test (t-test).

Results and Discussion
Concept

At the concept stage, the aims and objectives of creating the application are
determined, including who will use it and the benefits obtained from the application. The aim
of designing this application is to design a musical instrument recognition application using
Augmented Reality technology which will be applied to Android-based smartphones. Users
of this Augmented Reality application are Deaf Students and Deaf Teachers at the Special
Elementary School level in Indonesia. Deaf students who use the application have low
hearing levels or mild hearing loss but can still use it as the main modality for listening to
someone's speech sounds and developing speaking abilities.

Mobile-based learning media for introducing musical instruments using AR
technology running on the Android platform. The Augmented Reality method used is marker-
based AR. The application introduces 6 musical instruments, namely guitar, violin, organ,
drum, trumpet, and cassette. Musical instruments are introduced in the form of 3D animation
which are equipped with musical instrument sound features to help users understand the
sounds in the surrounding environment (Ridha & Shehieb, 2021). According to the
characteristics of deaf students, the menu in the application is equipped with sign language.

Design
At the design stage, the navigation structure, storyboard application, interface design,
3D objects, and AR marker are designed, as shown in figure 2.
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Figure 2. Navigation structure for AR learning media

Material Collecting

This stage includes creating the components needed for application design according
to the materials that have been designed in the design stage. These materials are 3-
dimensional animation, audio, and graphic design. The 3D animation was built using Blender
and interface material using Adobe Illustrator.
Assembly

This stage includes creating an application according to the design that was planned at
the design stage. All materials and materials that have been created in the previous stage are
authored using Unity software. The results of assembling the Augmented Reality Media
application for Introduction to Musical Instruments for Deaf Elementary School Students are
shown in figure 3. The Landing page will appear first when entering the application. The
application title is equipped with sign language so that it is easy for students to read. On this
page, there is a button in the form of a logo to enter the main menu page.

PHOB DA

Pk : 5
B

Figure 4 shows the main menu page which has three menus, namely "Mulai", "Panduan" and
"Keluar". Menu labels are equipped with sign language. The "Mulai" menu functions to open
learning features with Augmented Reality. The "Panduan" menu contains information about
how to use the application. The "Keluar" menu functions to close the application.
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Figure 4. Main menu page
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Figure 5. Musical instrument list page
The “Mulai” menu will direct users to a menu page containing a selection of musical
instrument images, as shown in figure 5. There are 6 pictures of musical instruments that
students can choose to open the camera scan feature to display animated 3D objects, namely
guitar, violin, organ, drum, trumpet, and cassette.

After pressing one of the selected musical instrument images, the user will be directed to the
camera scan page used to detect markers. Figure 6 shows, if the marker is successfully
recognized by the camera, the musical instrument will appear in the form of an animated 3D
object. On this page, there is a sound button to listen to the sound of the musical instrument
currently displayed. The "back" menu functions to return to the main menu page.
Testing

Testing aims to ensure that the application that has been created will carry out the
correct process and produce output that matches the application design. Apart from that, it
finds out if there are any errors that might exist in the application. There are two testing
methods carried out, namely alpha testing and beta testing. Alpha testing is carried out by
researchers or developers using the white box method and carried out by media experts and
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subject experts using the black box method. Beta testing was carried out on several deaf
student respondents from special schools in West Lombok district and Mataram city. The
methods used are user acceptance tests and experiments.
Alpha Testing

Alpha testing is a test carried out by looking for errors in the system to produce
functional requirements for the device being built before the product is released to users
(Kaplesh & Pang, 2020). Researchers conducted trials on the application by following the test
list. Based on the test results, it was found that all application functions ran according to the
scenario and no bugs were found.

Table 2. The result of expert validation

No Aspect YScore zéi\:)[:: Pe(l‘;;)e)nt Eligibility Level
Media Expert
1 | Software engineering 16 16 100 Very Worth It
2 | Visual Communication 39 44 88,63 Very Worth It
55 60 91,67 Very Worth It
Subject Matter Expert
1 | Learning Material 21 24 87,5 Very Worth It
2 | Delivery of Materials 20 20 100 Very Worth It
41 44 93,18 Very Worth It

The next alpha testing was carried out by media experts and subject experts. Media experts
test application functionality based on software engineering principles and compliance with
principles in learning media and visual communication. Meanwhile, material experts test the
validity of the material and the accuracy of the methods used in presenting the material. Table
2 shows the results of testing by experts which can be concluded that the application is
declared suitable for use as learning media.
Beta Testing

At the Beta testing stage, a user acceptance test is carried out by 33 elementary school
level respondents from special schools in West Lombok district and Mataram city.
Respondents are given the opportunity to use the application for 15 minutes and then provide
an assessment on the questionnaire that has been prepared with the help of the teacher. There
are 7 questions filled in by respondents with Likert scale answers consisting of 4 answer
choices, namely strongly agree (4), agree (3), disagree (2), and strongly disagree (1). Based
on the results of the user acceptance test shown in Table 3, it can be concluded that the
application was well received by respondents.

Table 3. User Acceptance Test for AR Learning Media

No Statement YScore | XMax Score | Percent (%)
1 The application is easy for students to 130 130 100
use

2 | Students love the app 115 130 88,46

3 | The 3-dimensional shape is clear 109 130 83,84

4 | Good 3D movement 100 130 76,92

5 | 3D sound is heard 33 130 25,38

6 | Nice app button. 124 130 93,38

7 | Fun to play with class friends 127 130 97,69
Total 738 910 81,09

The beta testing results show that 100% of students think that the AR application is easy to
use, 88.46% of students like the AR application, and 83.84% of students think that 3D objects
are clearly recognized. Apart from that, 97.69% of students agree AR applications are fun to
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play with classmates, this shows that AR applications can create collaboration in learning for
students. This finding is in accordance with a review conducted on AR research (Basumatary
& Maity, 2023), that AR can increase engagement and collaboration. Unfortunately, only
25% of students stated that 3D sound was audible.

Learning outcomes are evaluated using the pretest and posttest methods. The pretest
and posttest instruments consist of 6 questions in essay form. The instrument was tested for
validity and reliability. The results of the instrument validity test (as shown in Table 4) were
that all questions were valid with significance below 0.01. Based on the reliability test results
as shown in Table 5, the resulting Guttman Split-Half value is 0.753, where this value is
greater than 0.6, so it can be said that the questionnaire items are reliable.

Table 4. Result of Validity Test

Guitar | Violin | Pianica | Cassette | Trumpet | Tambur | Total Score

Pearson Correlation

Sig. (2-tailed) ,686 ,538 ,727 ,480 ,640 ,802 1
N ,000 ,001 ,000 ,004 ,000 ,000
35 35 35 35 35 35 35
Table 5. Result of Reliability Statistics
Cronhach's Alpha Part 1 Yalue 594
M of tems 3®
Part 2 Value B21
M of ltems b
Total M of ltems i
Correlation Between Forms B15
Spearman-Brown Equal Length 762
Coefficient Unequal Length 762
Guttman Split-Half Coefficient 763

The result of pretest dan posttest show at Table 6. The number of pretest and posttest
questions is 6 questions, each correct answer will get a score of 16.77. The total score is
obtained from the average of the students' scores. The average posttest score is higher than
the average pretest score. To evaluate the effectiveness of AR learning media, the average
pretest score was 65.29, and the average posttest score was 92.88. The research results show
that there was an increase in learning outcomes by 42.26% after learning using AR learning
media. The Kolmogorov-Smirnov data normality test results from the pretest and posttest
showed that the data was normally distributed. Based on table 7, the significant value of the
test results is greater than the alpha value of 0.01 for both pretest and posttest.
Table 6. The result of Pretest and Posttest

Pretest Posttest
score score
Average 65,29 92,88

Table 7. Normality Test Result

One-Sample Kolmogorov-Smirnov Test

Fre_Test Fost_Test

I 33 33
Mormal Parameters #-° WMean 65 6685 81,3215
Std. Deviation 19,08805 26,60031

Most Extreme Differences Absolute NET 274
Positive 158 241

Megative -.187 -,274

Kalmogorov-Smirnoy Z 1,073 1,573
Asymp. Sig. (2-tailed) 200 014
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Table 8. t-Test Result

Paired Differences
Std. 95% Confidence Interval
Std. Error of the Difference Sig.(2-
Mean Deviation Mean Lower Upper t df tailed)
Pair 1
Pre Test- -15,65303 | 29,14957 | 5,07429 | -25,98902 | -5,31704 |-3,085 32 ,004
Post Test

The parametric statistical test t-test or comparison test between the pretest and posttest shows
a significance level of 0.004 or lower than the alpha value (0.01). It could be concluded that
there is a significant difference in learning outcomes between pretest and posttest (see Table
8). This means that the use of AR as a learning medium to introduce musical instruments to
deaf students has a positive impact on learning outcomes. This is in line with the results of
previous research (Ployjiw & Michel, 2023) which stated that learning outcomes of the
hearing-impaired students or deaf students after using AR were significantly higher than
before the intervention. Based on the findings of this research, it can be said that AR-based
learning media for the introduction of musical instruments for elementary school deaf
students has a positive and effective impact on learning for children with special needs. The
conceptual implication of the results of this research is that this research strengthens the
results of previous research. This finding also has practical implications, namely AR can be
an alternative learning media for deaf students, thus opening opportunities for future research
to develop AR learning media for children with other special needs.

Conclusion

Based on the alpha test results, the AR application functions well. The validity of the material
and media is tested by experts, which shows the AR application is suitable for use. According
to beta testing, the student acceptance rate of AR applications is 81.09%, which means a high
acceptance rate. Although, 25% of students stated that 3D sound was audible. Based on the
comparison test between the pretest dan posttest, there is a significant difference in learning
outcomes between the pretest and posttest, which means AR as a learning media could
improve learning outcome of deaf students. This implies that AR can be an alternative
learning media for deaf students.

Recommendation

For further research, it is necessary to develop an AR application with audio features that pay
attention to sound standards that can be heard by deaf students and develop certain methods
or techniques so that sounds can be heard or felt by deaf students. With these findings,
teachers of children with special needs at this time should improve their skills in utilizing
technology-based learning media, especially AR, so that they can use this technology in
learning.
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