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1. INTRODUCTION

Learning media is considered as a physical tool where a person's message will be presented in a certain
media (Gagne & Reiser, 1983). In addition, learning media are materials, tools and techniques that can be used
in the teaching and learning process whose purpose is to facilitate the learning process and make it more
communicative and effective (Mulyani & Johar, 2001). Augmented reality is the merging of virtual world
objects projected in real-world time (Valino, 1998). In addition, augmented reality is defined as a technology
to combine two worlds (real world and virtual world) projected at the same time / realtime (Azuma, 1997).

In observations on chemistry learning class X SMK Penda 3 Jatipuro, it was found that the usual learning
is to use textbooks and practices with limited time. Limited time and learning using less interactive media make
students' motivation less good, so that students' understanding of basic chemistry lessons is less than optimal.
One of the materials present in chemistry subjects today has difficulty in showing the real form of atomic
models and some types of molecules. Objects such as atoms and molecules cannot be seen with the naked eye.
Therefore, there must be a media to convey information about the material that has been mentioned. To
introduce atoms and molecules to students, it will be difficult to use only 2-dimensional media, as in pictures
in textbooks. There is also learning media in the form of 3-dimensional videos. In this case a 2-dimensional
medium, it is considered no better than a 3-dimensional medium for conveying information.

As has been revealed by Apriyani (2015), the use of 2-dimensional and 3-dimensional learning media has
a significant influence, which results in the use of 3-dimensional media being able to increase students'
understanding in learning materials compared to 2-dimensional media. In addition to using 3-dimensional
objects, the use of android-based interactive learning media also has a good enough influence to improve
students' learning ability. As stated by Wahyuni & Ananda (2022), the use of interactive learning media can
have an influence to improve students' learning ability on algebraic form material. In addition, just like 3D
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video to 2D media, where 3D video will provide more information than 2D media, augmented reality will also
provide more information than 3-dimensional video media. This is because of the interactive learning media,
where students can use AR to find out the combination of 2 worlds, namely between the real world and the
virtual world, which are interrelated. Therefore, chemistry learning will be more efficient if you use android-
based augmented reality learning media, especially in displaying details of chemical materials that have a small
structure and cannot be seen using the naked eye and also the need for interactive learning media features
through android smartphone media access.

1.1. IT-BASED LEARNING MEDIA

With the development of learning media, it can provide convenience to help students' understanding of
existing subject matter in groups or independent learning (Nurbani & Puspitasari, 2022). In its use, learning
media has 4 classifications, including audio media, visual media and audio-visual media, besides that there are
still all-round media (Muhson, 2010). In addition, the classification of learning media media is distinguished
according to the form of information used, ranging from still images, graphics, as well as printed materials,
audio media, still audiovisual, mobile audiovisual or film , projection, television and multimedia(Nurseto,
2011) . Learning media, in this case IT-based learning media is a tool in the form of software and hardware as
well as all data processors that aim to help teachers as guidelines in the creation of material of interest
(Handayani, Yulianti, & Erita, 2022). Learning media that is developing today can be through the internet,
which is in the form of educational sites, intranets that are still managed by providers in one network and
mobile phones which are also one of the IT media that can be used for learning media, besides that there are
also many emerging media in the form of CDs and / or Flash Drives (Son, 2009).

1.2. AUGMENTED REALITY AS A LEARNING MEDIUM

Consisting of 2 languages, if interpreted Augmented Reality has the meaning of the words Augmented
and reality where each means plus or adding and reality. Augmented reality means being able to access real-
world information into the digital world and combine them in a combination of information and contained in
one layer (Azuma, 1997). The use of AR has changed the way user interaction can have a positive effect
because it can see an object without having to use the original object in the real world (Fonseca, 2014). AR has
the benefit of increasing students' desire to learn because it has a merger of 2 worlds so that learners can
immediately imagine the results of the learning process (Mustagim, 2016) . Augmented Reality is also useful,
that is, it has a positive value to support the learning process, with AR, it can help the interaction process for
both students and teachers who teach (Lia, 2015).

1.3. ANDROID-BASED LEARNING MEDIA

Android is a term from English which means "Robot that resembles a human", android is an operating
system that can be used for free (Saviraningsih, 2022). According to Satyaputra & Aritonang (2014), Android
is a derivative operating system of linuk specifically for smartphones and tablets. This operating system is a
bridge between the user and the application he runs. In addition, according to Huda (2013) Android is an
operating system for mobile devices, for example; smartphones and tablets based on the Linux operating
system. Android is included in the list of open source operating systems that allow anyone to modify this
operating system.

Mobile base learning is an alternative way to convey learning, so that it can be carried out anywhere and
anytime (Darmawan, 2012). Mobile learning is made based on the reason that learning can be done anywhere
and anytime. In addition, its wide scope has led to a tendency to create e-learning. In addition, Woodill (2010)
also explained about this mobile-based learning media ecosystem, including:

a. Mobile Phone.

b. Smartphone.

c. Notebook and netbook computers.

d. Tablet device and computer.

According to Nurbani & Puspitasari (2022), android-based learning media, not limited to text and images,
students can understand the material presented by the teacher through video tutorials.

1.4. BASIC CHEMISTRY

Chemistry is a science that belongs to the Natural Sciences, which has several benefits to learn, this
science still has several branches of science, and basically chemistry in SMK is studied fundamentally, and
has not yet entered a certain field of expertise. The limited time and achievements in the delivery of this
material are felt to make students at SMK become limited in knowledge in the field of Chemistry, moreover
this is learned by SMK (Vocational High School) students where some of the class hours have been focused
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on their respective fields of expertise, such as machinery, TKR (Light Vehicle Engineering), multimedia, TKJ
(Computer and Network Engineering), and many more majors in SMK.

2. RESEARCH METHODS

The research method used in this study is Reasearch and Development (R&D). There are 2 stages in this
research process , namely the Preliminary Stage and the Development Stage. The preliminary stage is carried
out to find out the needs in the development of augmented reality products. From this stage there is a study of
literature, and an interview. Each to find out information related to the development of this product.

The development stage uses research methods of the type of Research and Development (RND) and uses
the Prototype development method. The prototype development model consists of communication, quick plan,
build, revise and test drive. Figure 1 shows the flow of the prototype development model.

. Quick Plan,
Build, Revise

Figure 1. Prototype Development Model

Communication aims to communicate to users about the products they are expecting and know the
functional and non-functional needs. After communicating and getting the results of needs, planning is carried
out, so that it can be implemented in product development. Product development is categorized in several
stages, including model making, marker making, and the last is product development. After the development
stage has passed, the revision stage can be carried out if there are obstacles in the running product. Furthermore,
after the product is made, the test or in this development model is called the test drive stage to test whether all
the features of the product run with good or not. If all stages have been passed then the product can be
communicated again with the user. If it has been completed and the product is in accordance with what is
expected, then it can proceed to the next stage, namely the product feasibility testing stage.

The product feasibility testing stage has 3 test subjects, namely media experts, as someone who
understands and has expertise in technology and media, especially in the field of android development. Then
the material expert, as a person who understands the field of matter, especially the field of basic chemistry
class X. and the last is a user, here is a person who does not have certain expertise and is expected to be a user
of the product in this study. Table 1-4 shows some user instruments.

Table 1. Instrument for members of the media (Cahyana et al., 2017)

No Assessment Aspects Number
1 The Value of Beauty, Display and Audio Visual 1,2,3,4,5,6,7,8,9
2 Application Deployment and Design 10,11,12,13
Number of assessment indicators 13

Table 2. Material expert instruments (Cahyana et al., 2017)

No Aspects Number
1 Linkage to Matter 1,2,3
2 Language Use 4,5
3 Application Deployment and Design 6,7,8,9
4 The Value of Beauty, Display and Audio Visual 10,11,12,13,14,15,16,17,18
5 Benefit 19
Number of assessment indicators 19
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Table 4. User Instruments (Cahyana, Suhartono, & Nurhalimah, 2017)

No Aspects Number
1 Linkage to Materials, training, and evaluation 1,2,3,4,5
2 Language Use 6,7
3 The Value of Beauty, Display and Audio Visual 8,9,10,11,12,13,14,15
4 Software Implementation and Architecture 16,17,18,19
5 Benefit 20,21,22,23
Number of assessment indicators 23

In addition, for test analysis, a measurement scale and final value criteria are needed with reference to

Table 5.
Table 4. Occasional Measurement
Alternative Scores for statements
answers Positive Negative
Very appropriate 5 1
Appropriate 4 2
Enough 3 3
Non-compliant 2 4
Very incompatible 1 5

The data obtained from the questionnaire are changed by presentation with the following calculations.

Present (%) :g x 100 (Riduwan, 2013)
With, p = assessment results obtained
g = total number of assessments
From the percentage results, a criterion is formed as in the final grade criteria showed in Table 6.

Table 6. Final Grade Criteria (Riduwan, 2013)

Assessment Criteria Presented
Very worthy 81% - 100%
Proper 61% - 80%
Less feasible 41% - 60%
Not worth it 21% - 40%
Very unworthy 0% - 20%

3. DISCUSSION

3.1. RESULT

Interviews were conducted with users, namely Mapel IPAS class X teachers of SMK Penda 3 Jatipuro
and students of SMK Penda 3 Jatipuro. The results of interviews with users include teaching and learning
activities in chemistry subjects usually by discussing books as guidelines for this chemistry subject. The lack
of practice in chemical maples leads to less student learning motivation. In addition to time constraints in
learning, the lack of motivation of students in learning that is less active and relies only on books and exercises,
leads to a lack of understanding of students in the material given. Therefore, interactive learning media is
needed that is suitable to help the student learning process. In this learning media, it can not only be used in
KBM but can also be used in students' free time. The use of this interactive learning media can be done outside
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the clock so that it does not interfere with or does not burden the main class hours of students at school.
Independent student learning is also needed so that the student's learning process does not stop at school. From
the interview, the developer offers android-based augmented reality learning media. AR was chosen by the
developer because the subject to be implemented in learning media is Chemistry, so the need for a form or
model is needed in this learning media. It is not enough just from the model alone, the advantages that can be
obtained in AR are also considered more interactive. So that it can improve students' ability in knowledge.

A literature study to help the development of this learning medium is the 2013 Chemistry TIM Kompas
limu curriculum book, which includes several chapters that can be taken 3-dimensional models. Among other
things are atomic models, chemical bonds that also include metal bonds, as well as chemical properties of
solutions, among which are strong electrolytes, weak electrolytes, and solutions of a non-electrolyte nature.
From some of the material that has been summarized, and from the results of interviews with class X chemistry
maple teachers, some materials are obtained that can be poured into this android-based augmented reality
learning media Class X SMK Penda 3 Jatipuro.

3.1.1. COMMUNICATION

From the interview results, the character of student learning was obtained, where students still use learning
media in the form of textbooks. In addition, the existence of time constraints has resulted in less understanding
of individual students. Chemical maple is difficult to apply in textbooks alone, and in this functional need
several features are obtained, which can be applied in the application of AR learning media to the eyes These
chemistry lessons include:

a. There is a main menu that can be used to access all the features in the application.

b. It hasan AR Camera for tracking the target image, in this case it is a marker.

c. Ithas an exit button on the app.

d. It has a content table menu, which can view the contents of the material in the application.

e. There is an additional info facility about the target that has been detected in the form of text so that it
can be read by the user.

f.  There is an audio that can read out the description of the target.

g. There is a download menu, so that even if they are not the main users (teachers and students of SMK
Penda 3 Jatipuro Class X) can also download markers.

In addition there is a non-functional need. The non-functional needs needed include a system of kersa
devices and software that can be used to build products, in this study used 6th generation core i3 laptops and
4GB DDR4 RAM with windows 10 operating system to support the product building process, besides that it
is also used Unity 3D application program, and uses Vuforia plug in.

Apart from some of the software and hardware used in product development above, some needs are also
needed for product testing. For product testing, it has the following specifications , including:
Smartphone with android operating system
Smartphone RAM 2 GB
Main camera 2 MegaPixel
Android version Oreo/Android 8.0 (Minimal)
Resolution 16:9
Storage 112 Mb
The above specifications are recommended specifications with the minimum android version being
Android 8.0 because it uses the Vuforia Plug in which can only be run on android 8.0 version.

-0 o0 o

3.1.2. QUICK PLAN

From the comunication that has been carried out, learning media is obtained in the form of an Android-
based Augmented Reality application to support student learning. Then an application flow is created as shown
in Figure 2.
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Figure 2. Application Flow

3.1.3. BUILD AND REVISE

Scene AR is the scene used to start this application. In this scene there is 1 back button that can be used
to return to the Menu scene. For the code used in the back button, it still uses the same code i.e. the move code.
Figure 3 shows the scene flow.

Tombol Back

Marker tidak tidak ada objek

Marker terdeteksi terdeteksi muncul

Teks
"Arahkan Pada
Marker"

Tombol dan Teks
Deskripsi Muncul

Kembali ke Scene
Menu

Figure 3. Scene AR Flowchart

For the important Scene, it is also in the Download Scene, because the Marker is dropped in this Scene.
Figure 4 shows a flowchart for the Download Scene.
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Figure 4. Download Scene Flowchart

From the results of the development, several scenes were obtained and so that a learning media application
could be formed with the main menu, AR application, Content Menu, Download Menu , and Menu about
Application. Figure 5 shows the start menu scene.
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Figure 5. Start Menu

In the picture above is the main Menu scene, where the initial view if the user opens the application.
While Figure 6 shows the appearance of the AR application on this learning media.
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Figure 6. AR Application

When the screenshot is taken, AR is capturing the marker so that the object in the screenshot image is
visible.
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3.1.4. TEST DRIVE

The test drive phase was carried out by PTIK FKIP UNS students who were limited to testing the buttons
and features in this product. This test stage was carried out using an Android 8.0 Oreo smartphone with
Quadcore 1.6Ghz processor specifications, 4 GB of RAM, a 2MP main camera, and a screen resolution of 16:9
720p. Table 7-11 shows the testing of the function of the application which is divided into 5 different scenes.

Table 7. Scene Menu

No Input Process Output Result
1 Start scrollbar button Move AR scenes AR Scenes Appropriate
2 Content scrollbar button Move Scene Content Scene Content Appropriate
3 Download scrollbar button Move download scene Download Scene  Appropriate
4 About scrollbar button Move scene about Scene About Appropriate
5 Close button Close an app Closed application  Appropriate
6 Next button Swipe the scrollbar to the right Scrollbar Appropriate
Shift to
right
7 Knob Swipe the scrollbar to the Left Scrollbar Appropriate
previous Shift to
Left
8 Swipe Menu Swipe the scrollbar left or right Scrollbar Appropriate
Bergesers

Table 8. AR Scenes

No Input Process Output Result
1  Scan Marker with AR Camera  Tracking target ~ Appears 3D Model in camera  Appropriate
Back button Move Scene Menu Scene Menu Appropriate

Table 9. Scene Content

No Input Process Output Result
1 Back button Move Scene Menu Scene menu  Appropriate
Scrollbar
2 Nextbutton Swipe the scrollbar to the right Shift to Appropriate
right
Knob _ Scrc_JIIbar _
. Swipe the scrollbar to the Left Shift to Appropriate
previous Left

Table 10. Download Scene

No Input Process Output Result

1 Back button Move Scene Menu Scene menu Appropriate
Browsing to the file Browsing & .

2 Download button download link download Appropriate

Table 11. Scene About

No Input Process Output Result

1 Back button Move Scene Menu Scene menu Appropriate
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3.1.5. PRODUCT DUE DILIGENCE

Feasibility testing was carried out by media experts, namely lecturers of Information and Communication
Engineering Education FKIP UNS, namely Mr. Dwi Maryono, S.Si., M.Kom., and material experts, namely
Mrs. Annisa Lidia Wati , M.Si. who is a chemistry teacher in class X of SMK Penda 3 Jatipuro, and there are
users, namely 20 students of SMK Penda 3 Jatipuro, with each getting a score below. The results are showed
in Table 12-15.

Table 12. Media Member Assessment

No Assessment Aspects Value

1  The Value of Beauty, Display and Audio Visual 91%

2 Application Deployment and Design 85%

Table 13. Material Expert Assessment
No Aspects Value
1 Linkage to Matter 87%
2 Language Use 100%
3 Application Deployment and Design 85%
4 The Value of Beauty, Display and Audio Visual 93%
5  Benefit 80%
Table 15. User Ratings
No Aspects Value
1 Linkage to Matter 7%
2 Language Use 80,5%
3 The Value of Beauty, Display and Audio Visual 77,6%
4 Software Implementation and Architecture 74,8%
5 Benefit 78,7%
3.2. ANALYSIS

3.2.1. DEVELOPMENT OF ANDROID-BASED AUGMENTED REALITY LEARNING MEDIA FOR
CLASS X CHEMISTRY SUBJECTS OF SMK PENDA 3 JATIPURO.

The development of android-based augmented reality learning media products for class X chemistry
subjects of SMK Penda 3 Jatipuro uses the prototype development method. There are 3 stages in this prototyoe
development method, including: communication, development (quick plan, build, and review), and Test Drive.
The following are the results of the discussion on the development of learning media in this study.

3.2.1.1. COMMUNICATION

With communication with users, several results are obtained in the form of functional needs and non-
functional needs. From the functional needs obtained several main features that can be applied to the product.
In addition, additional features are also needed to support application performance and appearance so that the
product is not boring when used. In addition, non-functional needs are needed to support some of the things
needed in product development. The non-functional needs needed include the tools needed in product
development, both software and hardware. The software needed in product development is the Blender 3D
software which is used to create 3D models for each agreed model, then uses CorelDraw to create markers,
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Vuforia to create the Image Target database and Unity 3D to implement application designs and product builds.
In addition, the hardware used is a laptop with specifications that can run software in product development.
Next for the trial equipment is an android smartphone that is used to test applications with predetermined
specifications.

3.2.1.2. QUICK PLAN, BUILD, REVISE

At the application development stage, by looking at the flowchart and several wirframes that have been
formed, as well as the features that have been determined, an augmented reality product can be created that can
be used with AR Camera, Content, and Marker Download features. In the process of developing a product
through predetermined software, it already has good responsibility, but after building the product in the .apk
extension,

3.2.1.3. TEST DRIVE

The test drive was conducted together with a PTIK FKIP UNS student named Aditya nugraha pradana.
This stage can be seen that each button works well and can be used. From the test drive results, a decision can
be made that this product can be passed on to the user so that users can try this application. After trying this
application, it can be communicated again between the developer and the user whether the product can be used
en masse. Apart from the button buttons that were tried, there are also markers and tracking, but there are
familiarities during the trial process. The obstacle is none other than the camera is less responsive in taking
focus, besides that there are also some ARs that lack response to appear. This becomes a product shortcoming
and can be corrected in subsequent research.

3.22. THE FEASIBILITY OF LEARNING MEDIA IN ASSISTING BASIC CHEMISTRY
LEARNING ACTIVITIES IN CLASS X SMK PENDA 3 JATIPURO

3.2.2.1. MEDIA MEMBERS

The results of the media expert assessment obtained a value of 91% from the aspect of "the value of
beauty and appearance of visul" and a value of 85% from the aspect of "application application and design" so
that an average value of 88% was obtained as shown in Figure 7.

Presentase (%)
2%

91%
0%
B9%
88%
B7%
B86%
B5%
4%
B3%

82%

B1%
Nilai Keindahan dan Tampilan Visual Penerapan dan desain aplikasi

Figure 7. Score by Media Members

From the results obtained, it can be concluded that the application is still very feasible to be used as a
learning medium.

As for the shortcomings of the product from the assessment aspect of "Beauty, Display and Audio Visual
Value, that is, getting a score of 91% is feasible. From this, it can be seen that media experts still get
shortcomings from this aspect, the shortcomings are in terms of appearance that does not increase comfort in
learning. The writing is still not entirely good, and it is still lacking in terms of animation.

In the aspect of "Application implementation and design" got a score of 85%, indicating that the
application still has some things that have not been achieved. The application response is considered not very
good, but it is still tolerable. In addition, media experts gave a comment advice for this application, that there
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are some marker responses that are not good. In the menu section, there is a vocabulary that makes users
confused about what the menu is made for, so there must be improvements to the menu naming section.

In addition, it is also suggested from media experts that in the explanation of the material can be added.
From this it follows that this application is feasible and can be used with improvements.

3.2.2.2. MATERIAL EXPERT
From the results of the assessment of material experts as shown in Figure 8, the average value was 89%.
From the value it is said that this application is very worth using. The highest score was obtained on the aspect
of "Language Use" where the material expert stated that it was 100% very feasible. In addition, there is the
lowest value found in the aspect of benefits that are worth 80% decent. From the aspect of benefits it can be
seen in the table that this application gets a score of 80%, which is the lowest value in the instrument. The
benefits of this application are quite good, but from other aspects it is a bad aspect. It's good if the learning
media is useful, so that it can work optimally as a learning medium. There are several discussions of aspects
as follows:
a. Linkage to Matter
From this aspect, getting a score of 87%, some of the points that are lacking are the relationship with
the expected user's ability and the relationship between practice and the user's ability, here get a score of
4 each so that it can be seen that even though it is good but still has not got a perfect score.
b. Language Use
From the use of language in this application gets a perfect score, and it can be concluded that the
language used is appropriate and can be easily understood
c. Application and Design
From the application and design of the application gets a score of 85%, from the points taken, the
application is rated by material experts less lancer, and the specifications are still too high, besides that the
interface and navigation arrangement is less attractive but still in good grades. Apart from these points,
the application has met the criteria that are perfectly stated.
d. The Value of Beauty, Display and Audio Visual
From this aspect, it gets a score of 93%, where there are several shortcomings of the point of choosing
the type and size of letters, writing and images are easy to see and read, as well as images and animations
in helping user understanding. Each of them gets a score of 4 (good). The design of the appearance of this
aspect can be improved again in subsequent research.
e. Benefit
The benefits of this app are good, with a score of 4, meaning that it has not got a perfect score but this
application is useful. From this aspect, get a score of 80%

Presentase (%)
120%

100%

80%
) 60% |
20%
20%
0%

Keterkaitan dengan materi Penggunaan Bahasa Penerapan dan desain nilai keindahan Manfaat
animasi tampilan/visual

a
E

=1
a

Figure 8. Score by Material Expert

3.2.2.3. USER
From the results of user assessment, the product gets an average value of 78% so that the test results are
obtained that are suitable for use and implemented into learning. Figure 10 shows a graph of user ratings.
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Presentase (%)
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Figure 10. Score by User

The lowest score from users is the aspect of linkage with the material, training and evaluation where
getting a score of 77%, from there it can be concluded that according to students, there are some differences
between the material presented in the textbook and the material in this learning medium. However, it can be
seen that the value obtained is still tolerable because it is still within the limits of product feasibility

There are several discussions from user research in accordance with the aspects that have been given:

a. Linkage to Matter
This aspect gets a score of 77%, each user gives an average score of 3.9. This shows that there are
some shortcomings where, the material presented from the application is still not commensurate with the
material in normal learning
b. Language Use
The use of language gets a score of 81% so in terms of language there are still shortcomings. The
average value obtained from this aspect is 4 points, so the average value of this aspect is good.
c. The Value of Beauty, Display and Audio Visual
From this aspect, a score of 75% was obtained, with the average score of each point being 3.9. From
this it can be concluded that from the aesthetic aspect, and audiovisual is quite interesting, it has not yet
reached a good word. From this aspect, it gets enough marks because of the shortcomings in terms of
audio, and the appearance is less attractive.
d. Software Implementation and Architecture
This aspect gets a score of 74%, as for the shortcomings that are very visible in the minimum device
requirements where the minimum android version to run this application is android 8.0 which results in
some students not being able to judge, and the smoothness of the application is lacking. This temporary
android version cannot be downgraded because the Vuforia application plugin itself requires the use of
Android 8.0.
e. Benefit
In terms of benefits, getting a score of 7.9% is feasible. This value has disadvantages in terms of
benefits because the use of this application does not think about the allocation of time so that not all users
are able to use it properly other than in classroom learning.

4. CONCLUSION

Based on the results of the research on the development of Android-based augmented reality learning
media for chemistry subjects at SMK Penda 3 Jatipuro, several conclusions can be drawn. First, the
development of augmented reality learning media utilizes Unity 3D and the Vuforia plugin, with minimum
technical specifications such as Android version 8.0 Oreo, 2GB RAM, a 16:9 landscape screen resolution of
480p, and a 2 MP main camera. Furthermore, the application was evaluated through tests conducted by media
experts, material experts, and users. The results showed that media experts rated the application as 88%
feasible, and material experts also provided a score of 88%. Additionally, user assessments resulted in a score
of 81%. From these results, it can be concluded that the Android-based augmented reality learning media for
class X at SMK Penda 3 Jatipuro is highly suitable for use.

The creation of Android-based augmented reality learning media for class X chemistry subjects at SMK
Penda 3 Jatipuro has several important implications. This learning media serves as a tool to facilitate the
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learning of basic chemistry for class X students. The presence of 3D representations of basic materials helps
enhance students' understanding of the subject. Additionally, the use of augmented reality technology increases
students' interest, motivation, and comfort in learning chemistry, making the learning process more engaging
and effective.

For future development, several suggestions are proposed. First, the inclusion of additional 3D objects
would help provide greater insights into chemistry topics. Second, replacing the existing audio with custom
recordings instead of relying on Google Voice would enhance the auditory learning experience. Third, efforts
should be made to improve the application’s responsiveness to ensure smoother performance. Lastly, upgrading
the screen resolution to support a wider range of smartphone screen resolutions would increase the application's
compatibility and usability.

REFERENCES

Apriyani, N. (2015). Differences in the use of 2-dimensional learning media with 3 dimensions to student
learning outcomes in the beautiful theme of Negriku Grade IV SD Kautisari 11l. PGSD FIP Surabaya
State University, 9.

Arief, S., & Sadiman, A. S. (2006). Media pendidikan: Pengertian, pengembangan, dan pemanfaatannya
[Educational media: Definition, development, and utilization]. PT Raja Grafindo Persada.

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

Blackman, S. (2011). Beginning 3D game development with Unity. Apress. https://doi.org/10.1007/978-1-
4302-3418-2

Cahyana, U., Suhartono, & Nurhalimah, S. R. (2017). Development of Android-based mobile learning media
on the colligative nature of solutions. Journal of Chemistry Education Research, 7(2), 162-164.

Darmawan, D. (2012). Pendidikan teknologi informasi dan komunikasi [Information and communication
technology education]. PT Remaja Rosdakarya.

Fernando, M. (2013). Build augmented reality applications using Vuforia SDK and Unity. Thesis, Informatics
Engineering Study Program, Klabat Manado University.

Flavell, L. (2010). Beginning Blender: Open source 3D modeling, animation, and game development. Apress.
https://doi.org/10.1007/978-1-4302-3295-9

Fonseca, D. (2014). User experience and access using augmented and multimedia technology.

Gagne, R. M., & Reiser, R. A. (1983). Selecting media for instruction. Educational Technology Publications.

Goldstone, W. (2011). Unity 3.x game development essentials. Packt Publishing. https://doi.org/10.1007/978-
1-4302-1983-7

Handayani, F., Yulianti, N., & Erita, Y. (2022). Design of social studies and civics learning based on
information technology at the elementary school level. Basicedu Journal, 1(6), 870.

Huda, A. A. (2013). 24 Pemrograman Android untuk jam tangan pintar [24 Android programming for smart
watches]. ANDI.

Kemp, J. E., & Dayton, D. K. (1985). Planning and producing instructional media (5th ed.). Harper & Row
Publisher.

Latuheru, J. D. (1988). Media pembelajaran dalam proses belajar-mengajar dewasa ini [Learning media in
today's teaching and learning process]. P2LPTK.

Lia, K. (2015). The development of augmented reality technology as an interactive learning medium in basic
chemistry courses. Journal of Chemistry Education, 2(1), 45-50.

McLeod, R., & Raymond, D. (2011). Sistem informasi manajemen [Management information systems].
Salemba Empat.

Muhson, A. (2010). Pengembangan media pembelajaran berbasis teknologi informasi dan komunikasi. Jurnal
Pendidikan Akuntansi Indonesia, 1, 1-10.

Mulyani, S., & Johar, P. (2001). Strategi pembelajaran dan pengajaran [Teaching and learning strategies]. CV
Maulana.

Mustagim, 1. (2016). Pemanfaatan augmented reality sebagai media pembelajaran. Jurnal Pendidik, Teknologi,
dan Kejuruan, 13(2), 174. https://doi.org/10.23887/jptk-undiksha.v13i2.8525

Nurbani, & Puspitasari, H. (2022). Needs analysis of Android-based learning media development in
mathematics lessons at the high school level. Educative: Journal of Educational Sciences, 4(2), 301-310.

Nurita, T. (2018). Pengembangan media pembelajaran untuk meningkatkan hasil belajar siswa. Jurnal Misykat,
3(2).

Nurseto, T. (2011). Membuat media pembelajaran yang menarik. Jurnal Ekonomi & Pendidikan, 8(1), 20-21.

Son, 1. (2009). Pendidikan berbasis teknologi informasi [Information technology-based education]. Rakorda
Disdikpora Bali.

Journal homepage: https://jurnal.uns.ac.id/joive/index


https://doi.org/10.1162/pres.1997.6.4.355
https://doi.org/10.1007/978-1-4302-3418-2
https://doi.org/10.1007/978-1-4302-3418-2
https://doi.org/10.1007/978-1-4302-3295-9
https://doi.org/10.1007/978-1-4302-1983-7
https://doi.org/10.1007/978-1-4302-1983-7
https://doi.org/10.23887/jptk-undiksha.v13i2.8525

JOIVE ISSN: 2746-7813 a 55

Ratno. (2012). Teknologi game: Pengembangan game 2D dengan Unity 3D dan framework Orthello [Game
technology: 2D game development with Unity 3D and Orthello framework]. STMIK AMIKOM.

Riduwan. (2013). Pengukuran variabel-variabel penelitian [Measurement of research variables]. Alfabeta.

Satyaputra, A., & Aritonang, E. M. (2014). Beginning Android programming with ADT Bundle. PT Elex Media
Komputindo.

Saviraningsih, Y. (2022). Development of Android-based basic electrical and electronics learning media in the
mechatronics engineering expertise program at SMK Negeri 1 Cilegon City. JTEV (Journal of Electrical
and Vocational Engineering), 301.

Schramm, W. (1982). Draft sampler of distance education. West Communication Institute.

Valino, J. R. (1998). Interactive augmented reality. Rochester, 6-8.

Wahyuni, D. Q., & Ananda, R. (2022). Development of Android-based interactive mathematics learning media
on algebraic form material. Jurnal Scholars: Jurnal Pendidikan Matematika, 6(1), 870-880.

Woodill, G. (2010). The mobile learning edge: Tools and technologies for developing your teams. McGraw-
Hill Professional.

Journal homepage: https://jurnal.uns.ac.id/joive/index



