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Abstract. Fiber optic technology is a critical topic in the Wide Area Network (WAN) curriculum for vocational high
schools (SMK), especially for students majoring in computer and network engineering. However, the high cost and
limited availability of fiber optic tools hinder effective learning, leading to difficulties in achieving competency
indicators. This research aims to develop an Android-based Augmented Reality (AR) learning medium as an alternative
to enhance students' understanding of fiber optic tools through interactive 3D visualizations. The study uses the
Multimedia Development Life Cycle (MDLC) methodology, which includes phases such as concept, design, material
collection, assembly, testing, and distribution. The application integrates 3D models created with Blender, marker-based
tracking with Vuforia, and interface development with Unity 3D. The media includes multiple menus, including AR
camera scanning, learning support, competency standards, and information about the application, and black box testing
results show that all of the media's functionalities work effectively. The AR-based learning media proves to be a viable
tool for introducing fiber optic devices and increasing student engagement in WAN topics. Future research is
recommended to expand the range of 3D objects, enable online functionality, and evaluate the impact of the media on
learning outcomes.
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A. Introduction

Vocational High Schools (SMK) are formal educational institutions designed to provide students with practical
skills related to their chosen specializations. According to the National Education System Law No. 20 of 2003, one of the
primary objectives of SMKSs is to prepare students with competencies tailored to specific vocational programs. Among the
programs offered, Computer and Network Engineering (TKJ) is a popular choice that includes subjects such as Wide
Area Network (WAN).

The WAN curriculum emphasizes fiber optic technology and requires students to understand the physical
characteristics and functions of fiber optic tools. However, the high cost and limited availability of these tools present
significant challenges. Most schools rely solely on lectures and static images, leaving students with insufficient hands-on
experience. For example, many SMKs in Banjarmasin, including SMK Muhammadiyah 2, do not provide hands-on
practice with fiber optic tools due to budget constraints and the potential risk of damage during use [3] [7].

Augmented Reality (AR) offers a promising solution to these challenges. As a cutting-edge technology, AR
enables the integration of virtual content into the real world, creating an interactive and immersive learning experience [5]
[2]. Using AR, it becomes possible to visualize and interact with three-dimensional representations of fiber optic tools
without the need for physical equipment. Previous studies have shown that AR-based learning media significantly
improves student understanding and engagement, making it a valuable resource in vocational education [7][11].

This research aims to develop an Android-based AR learning application to support the teaching of fiber optic
tools. The application is designed to enhance students' understanding through interactive visualizations while addressing
the limitations of traditional learning methods. It is expected that the AR medium will provide an innovative and effective
approach to learning, particularly for fiber optic topics in the WAN curriculum.

B. Literature Review

The integration of technology in education has been a focus of research and development, particularly in
enhancing the learning process. The role of technology, especially information technology, has dramatically changed the
way educational content is delivered, making learning more accessible, engaging, and effective. [5][12][15]. This section
reviews various studies on the application of technology in education, with a special focus on the use of augmented
reality (AR) and mobile learning media in teaching complex subjects such as fiber optics. The evolution of educational
technology has led to more interactive and dynamic learning experiences.

According to several studies, the use of digital tools such as multimedia, simulations, and AR improves student
engagement and learning outcomes [1][5][7]. These tools provide opportunities for students to interact with educational
content in ways that traditional methods such as textbooks or lectures cannot achieve. For example,
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AR allows students to visualize abstract concepts or complex objects in three dimensions, fostering a deeper
understanding of the material. This can be particularly beneficial in fields such as engineering or science, where
visualizing concepts can aid learning and retention [2][5][7].

Augmented Reality (AR) is one of the most innovative technologies currently being used in education. AR
overlays digital information, such as 3D models or animations, onto the real world, allowing students to interact with
virtual objects as if they were physically present in their environment [2][5]. In the context of vocational education,
particularly for subjects such as fiber optics, AR can provide an interactive and immersive way for students to engage
with equipment and processes that would otherwise be difficult or expensive to replicate in the classroom [7][11].

Several studies have demonstrated the effectiveness of AR in improving student engagement and learning
outcomes. Lahiya et al. (2021) highlighted that AR-based learning media for fiber optics education successfully helped
students visualize the components and functions of fiber optics tools, even without physical devices. This type of
technology can overcome the challenge of high equipment costs and limited access to hands-on resources, providing
students with a virtual hands-on learning experience.

Similarly, Amrulloh & Febriansyah (2021) developed an AR application for teaching fiber optics that
demonstrated high levels of user acceptance and pedagogical effectiveness. Their study found that AR could improve
student understanding by presenting complex fiber optic concepts in an interactive format [1]. The ability to manipulate
3D objects and explore their components in real time helps students grasp difficult concepts and encourages active
learning [1][11].

In addition to AR, mobile learning has become a major trend in modern education. Mobile devices such as
smartphones, tablets, and laptops provide students with the flexibility to access learning materials anywhere, anytime
[16][15]. The accessibility of educational content through mobile applications makes learning more convenient and
personalized, allowing students to learn at their own pace and revisit content as needed. In addition, mobile learning is
particularly useful in regions where traditional educational resources may be scarce, as it provides an affordable and
flexible alternative [16][15].

Research has shown that mobile learning can improve student engagement and retention. A study by Wati (2016)
found that mobile-based learning media increase student motivation by providing interactive content that students can
access on their smartphones [16]. This is particularly relevant for vocational education, where the integration of
multimedia tools can simulate real-world experiences, such as operating fiber optic equipment or troubleshooting network
issues [11][1].

Fiber optics, a critical topic in network engineering, is often a challenge in education due to the high cost of
physical equipment and the technical expertise required to use it [3][7]. Many vocational schools, especially those in
underfunded areas, struggle to provide the necessary tools for students to engage in hands-on learning. This has led to the
exploration of virtual learning environments, where AR has shown promise in bridging the gap between theoretical
knowledge and practical experience [7][11].

As suggested by Lahiya et al. (2021) and other researchers, AR can enhance the understanding of fiber optic
systems by allowing students to interact with 3D representations of the tools and their components [7][1]. By providing a
virtual environment for practice, AR can simulate real-world scenarios and guide students through complex procedures
such as installing or troubleshooting fiber optic networks [1][11]. This approach not only addresses the issue of limited
access to physical tools, but also allows students to practice and experiment in a safe, controlled environment.

The use of AR and mobile learning media has shown significant potential for improving the quality of education,
particularly in vocational training for fields such as fiber optics [1][7][11]. These technologies offer new ways to engage
students, visualize complex concepts, and provide interactive experiences that are difficult to replicate with traditional
teaching methods. The continued development and integration of AR into educational programs will continue to enhance
the learning process and help prepare students for the challenges of the modern technological landscape [5][7][15].

C. Proposed Methodology

This study proposes the development of an Augmented Reality (AR)-based learning media application for
teaching fiber optic technology to students in vocational high schools (SMK). The proposed method involves the use of
the Multimedia Development Life Cycle (MDLC) model, which consists of several phases: concept, design, material
collection, assembly, testing, and distribution. In the following, each phase of the proposed method for creating and
evaluating the AR-based learning media is outlined.
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Figure 1. Multimedia Development Life Cycle (MDLC).
The description of the MDLC research phases is as follows:

A. Concept

In this phase, the author considers several aspects, including

a. Defining the objective of creating the learning media, which is to visualize the tools in fiber optic networks and
present the information in an easily understandable way using augmented reality.

b. This learning media will be used as a supplementary tool in the learning process for the Wide Area Network
(WAN) subject, specifically for the fiber optic topic, for both educators and students in grade XI of the Computer
and Network Engineering (TKJ) program.

c. The learning media will be in the form of a booklet containing images integrated with Augmented Reality and run
on Android devices. Once the data is collected, the next step is to process the existing data by selecting relevant
data attributes and eliminating irrelevant data.

B. Desain
In this phase, the author creates detailed specifications for the learning media in the design of the application. This
includes:
Navigation Structure Design: The design of the navigation menu creates a hierarchical system for the
Augmented Reality-based learning media. The following is the architecture design for the Augmented Reality-based
learning media.
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Figure 2. Navigation Structure Design
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It can be seen that the main page displayed after the loading bar is the master page (the first main page), and this
main page has branching pages called slave pages (supporting pages) such as About, Start, Help and Exit. When one
of the supporting pages is selected, the result displayed is called the master page (the second main page), which can
be in the form of a 3D object (on the Start page) or in the form of text, photos or images (on the Help and About

pages).

C. Flowchart Design
The flowchart design is used to make the program design process easier. Below is the result of the flowchart design.
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Figure 3. Design Flowchart

D. User Interface Design
The Ul design is an illustration of the layout of the instructional media created as the basis for its appearance.

Unlike a storyboard, which represents the design of the media, the Ul design refers to the layout that will be displayed
or viewed by the user.
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Figure 9. Design about

E. Material Collecting

In this phase, the activities carried out involve collecting the materials needed for the development of the learning

media, as determined in the concept phase. This phase can be conducted in parallel with the design phase. However,

the material collection and assembly phases can also be performed linearly.

1. Material
The material refers to the subject of Wide Area Network (WAN) Technology, aligned with the scope of the
research, specifically on the topic of introducing tools used in fiber optic networks and their functions.

2. Applications
In developing the learning media, the researcher utilizes software that supports the creation of Augmented Reality-
based learning media. This includes creating storyboards, objects (assets), and interface designs using Adobe
Photoshop, as it is user-friendly for the researcher. For creating 3D objects, the open-source Blender application is
used, and for configuring augmented reality, connecting databases to the application, and designing the user
interface, Unity 3D is used.

3. Database
Vuforia was chosen as the database because it is the most stable database that operates on Unity 3D. VVuforia offers
three types of databases: Device, VuMark, and Cloud. For the developed learning media, the researcher uses the
device type because it enables faster image tracking compared to VuMark and Cloud.

4. Objects
Several objects used as assets are obtained from online search engines as well as from internal storage.

F. Assembly (Design and Development)

In this phase, the process of designing, integrating, and developing the application is carried out based on the
previous phases. In the application, the marker used is a 2D object designed using Adobe Photoshop. The marker is
uploaded to the Vuforia target marker as an image, which is then used as a database and serves as a tracking tool
within the application. The marker is utilized to display 3D objects related to fiber optics and their components.
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Figure 10. Front View of Marker
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Figure 11. Back View of Marker

G. 3D Obiject Design
The 3D object design is a critical aspect of the development process, as these objects are displayed through the
augmented reality camera and serve as the focus of this research. The researcher designs 3D models of fiber optic
tools, and aftercompleting the design, the objects are exported as files with *.blend and *.fbx extensions. These files
are then imported into the Unity 3D application for use in the learning media.

Figure 12. 3D Object Design

H. Testing (Application Testing)
The application testing phase is conducted after the design phase is completed. By running the application, it
becomes possible to identify any errors or issues. The testing is performed using black-box testing in the developer's
environment in Table 1.

Table 1. Results of Black-Box Testing

Testing Components Results
Installing the application Valid
Running the application Valid
Opening the AR camera Valid
Displaying 3D objects Valid
Displaying object information Valid
Opening the help menu Valid
Opening the about menu Valid
Opening the exit menu Valid

1. Distribution

The distribution phase is the stage where the application has been tested and meets its intended objectives. At this
point, the application is ready to be deployed and published for use by educators and students in vocational high
schools (SMK).
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4. Experimental Result and Discussion
The final result of the research is an Augmented Reality (AR)-based learning medium that is feasible in terms of both
content and functionality, making it suitable as a teaching aid in the learning process.
The steps for using this learning media are as follows:
a. Download and install the AR Camera.apk application on an Android device.
b. After installation, when you open the application, a Unity 3D splash screen will appear, indicating that the media
was developed using Unity 3D. A loading bar for the media will then appear.

MARKER FIBER OPTIC
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Figure 13. Unity 3D splashscreen

¢. Then the main page will appear which has several menus:
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Figure 14. Home Page
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D

Figure 15. Start page (AR camera)

FIBER OPTIC CABLE

DEFINITION

Fiber optik adalah kabel yang terbuat dari kaca atau plastik
tipis yang dirancang untuk mentransmisikan sinyal cahaya.
Teknologi ini digunakan untuk komunikasi data karena mampu
mengirimkan data dengan kecepatan tinggi, kapasitas besar,
dan jarak jauh tanpa mengalami gangguan elektromagnetik.
Fiber optik biasanya digunakan dalam jaringan internet,
telekomunikasi, dan aplikasi industri lainnya.
Main component

Core (inti): Tempat cahaya merambat.
adding: Lapisan luar yang memantulkan cahaya kembali ke
Bting: Pelindung mekanis yang melindungi fiber dari kerusal
Inggunaan: Fiber optik mengirimkan data dalam bentuk pd

gahaya yang merepresentasikan sinyal digital (0 dag g

Figure 16. Description Page

e. Help: how to use learning media

2 Kik Tombol START 3. Arank
Install dan buka aplikasi  untuk menampilkan AR marker u
Camera

Figure 17. Help Page

f. About: contains information about learning media developers

.
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Figure 18. About page
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5. Conclusion

Based on the results of the research and discussions presented in the previous chapters, the following

conclusions can be drawn:

1. The development of an Augmented Reality (AR)-based learning media for the Wide Area Network (WAN)
subject, specifically on the topic of fiber optics, originated from the problem of the limited ability of
students to understand fiber optics tools and the unavailability of physical fiber optics equipment. These
challenges resulted in the failure to achieve the learning competency indicators (LCIs) during the learning
process. Data collection was carried out, including the collection of materials, lesson plans (RPP) and
syllabi from the school. Subsequently, the activities carried out included the creation of AR-based learning
media using Blender software to develop 3D objects, Vuforia as a database marker, and Unity 3D to
integrate all materials into a final product.

2. The functionality of the AR-based learning media on fiber optics was tested using black box testing. The
results showed that all the features of the learning media worked and functioned effectively. It can be
concluded that the AR-based WAN learning media on fiber optics is suitable for use in the learning
process. This learning media can be used as an additional learning resource to support classroom learning
activities or independent study.

3. Recommendations for future researchers who wish to develop this AR-based learning media as a
teaching tool include
a. Provide online access to the AR-based fiber optic learning media.

b. Add more 3D models of fiber optic tools.
c. Conduct effectiveness tests to evaluate the impact of the AR-based learning media on improving
student learning outcomes in fiber optics.
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