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Students’ learning motivation often decreases when the learning
method does not align with their individual learning styles, posing a
challenge for effective and meaningful education. Augmented Reality
(AR) technology offers an interactive solution to increase student
engagement. This study aims to develop an AR-based learning system
adapted to Kolb’s learning styles: Diverger, Assimilator, Converger,
and Accommodator, to support personalized and enjoyable learning.
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Keywords: The system was developed using the ADDIE model and an object-
Augmented Reality; oriented approach. Evaluation involved black box testing and user
Kolb Learning Style; testing based on the Technology Acceptance Model (TAM). Results
Personalized Learning; showed over 80% of students were satisfied with the application, 75%
Technology Acceptance Model found learning more interesting, and approximately 70% demonstrated
(TAM); increased active participation. TAM analysis revealed an average

score of 80.26 and a positive correlation between perceived ease of use
and motivation. The application encourages deeper exploration of
material and boosts students’ confidence in facing academic
challenges. In conclusion, the developed system effectively supports
technology-based personalized learning. Its implication suggests that
AR integration in education can enhance learning quality and serve as
a foundation for future intelligent systems incorporating artificial
intelligence.

This is an open access article under the CC-BY-SA license.

INTRODUCTION

Current challenges in education are not only related to the availability of learning technology, but
also to how such technology can create a more interactive, personalized, and immersive learning
experience. In practice, traditional classroom learning has increasingly adopted learning technologies,
such as digital presentations, videos, and learning management systems. However, these technologies
are often still static, less interactive, and unable to fully provide an immersive learning experience for
students.

On the other hand, the development of information and communication technology (ICT)
provides opportunities to create more visual, interactive, and immersive learning environments. One of
the technologies that supports this need is Augmented Reality (AR), as it can integrate virtual objects
into the real environment in an interactive way. This technology allows students to experience more
concrete learning through 3D object visualization, virtual exploration, and direct interaction with
learning materials. AR technology has been shown to increase student learning motivation, especially
in terms of attention, self-confidence, and comfort in the learning process [1]-[3]. In addition, AR
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provides a learning experience that is in accordance with constructivist learning theory, which
emphasizes the importance of physical and social contexts in the learning process and supports activities
such as inquiry, active observation, and collaborative learning [4],[5].

However, traditional classroom learning still assumes that all students have the same
characteristics, so teachers usually use uniform learning methods and materials [6]. In fact, each student
has a different learning style, as explained in Kolb's theory, which divides learning styles into Diverger,
Assimilator, Converger, and Accommodator [7]. The mismatch between learning methods, students’
learning styles, and the limited immersive experience in the learning process can reduce students’
motivation and learning effectiveness. Therefore, a more personalized, adaptive, interactive, and
immersive learning approach is needed.

Several previous studies have developed AR-based learning systems that are tailored to students'
learning styles to improve engagement and learning outcomes [8]-[13]. For example, several studies
have shown that AR integration with a personalization approach can significantly improve motivation
and conceptual understanding [11]-[12]. However, most of these studies still face obstacles in
implementing easy-to-use technology and system scalability in real learning contexts.

Previous studies have shown that although AR and personalized learning are promising, there are
not many systems that optimally combine Kolb's learning style model with AR technology in a complete
virtual learning environment with an interactive 3D interface. In addition, the evaluation of technology
acceptance from the user's perspective (e.g. using the Technology Acceptance Model/TAM) has also
not been studied in depth to ensure the success of the system implementation.

The use of TAM in educational technology research is important because the success of a learning
system is determined not only by its technical features, but also by how users perceive its usefulness
and ease of use. Recent studies have applied TAM to test the acceptance of various educational
technologies, including ChatGPT in ubiquitous learning environments, social media technology for
learning during the COVID-19 pandemic, intelligent physical education systems, educational
management applications in madrasah environments, and Duolingo as a language learning application
[14]-[18]. These studies indicate that TAM is relevant for evaluating users' perceptions, attitudes, and
behavioral intentions toward technology-based learning systems.

Therefore, this study aims to develop an AR-based learning system that is tailored to students'
learning styles according to the Kolb model in a virtual environment with a 3D interface. This system
was developed using the ADDIE model and evaluated through user trials using the TAM framework to
measure acceptance and its impact on students' learning motivation. It is hoped that this study can
contribute to the development of effective and enjoyable personal learning technology and become the
basis for the development of intelligent systems in the future.

LITERATURE REVIEW

Augmented Reality
Augmented Reality (AR) is a variant of virtual reality [19]. AR technology opens up new ways

to interact between the real and virtual worlds [20]. AR aligns actual and virtual objects with each other
and enhances the virtual experience based on dynamic 3D objects. In AR, users are aware of their
surroundings while interacting with AR applications and the added virtual content.

The rise of augmented reality (AR) has generated considerable interest in its potential to revo-
lutionize the educational landscape. Beyond its inherent novelty, AR's capacity to create interac-tive and
captivating interfaces offers a unique opportunity to infuse a natural allure into the learning experience
[21],[22]. This captivating technology goes beyond the constraints of con-ventional learning tools,
seamlessly integrating with desktops, tablets, smartphones, and even immersive Head-Mounted
Displays (HMDs). Moreover, the portability and adaptability of AR make it a versatile tool, capable of
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enhancing the learning process in various settings. Whether in the traditional classroom, the specialized
environment of special education, or beyond the class-room walls, AR's transformative potential can be
leveraged to enrich learning in diverse contexts [23].

Traditional teaching methods largely depend on text and two-dimensional (2D) images, which
can limit students' engagement and enthusiasm by lacking a true three-dimensional (3D) learning
experience. In contrast, Augmented Reality (AR) technology integrates real and virtual elements,
enabling users to interact with 3D graphics in a real-world environment [24]. Research has shown that
utilizing AR systems in learning leads to prolonged engagement among students, fos-tering enjoyable
learning experiences and positively impacting student motivation, understand-ing, and overall
impression [25]-[27].

There are two main types of AR for learning: (1) location-aware and (2) vision-based. Loca-tion-
aware AR delivers digital content to learners based on their movement through physical spaces, utilizing
GPS-enabled smartphones or similar mobile devices. This type of AR can in-corporate text, graphics,
audio, video, and 3D models, enhancing the physical environment with narration, navigation, and
academic information pertinent to the current location. Conversely, vision-based AR provides digital
content to learners when they point the camera on their mobile devices at an object, such as a QR code
or a 2D target, as described by Dunleavy in 2014 [3]. AR comprises components as outlined in Table 1.

Table 1. Components of Mobile Augmented Reality.

Component Description
Computing Platform Capable of generating and managing virtual objects within a
physical setting.
Display Type 1. Shows virtual objects in the context of the real world.

2. Frequently used to convey information obtained according to
visual elements.

Registration and Tracking Arrangement of physical objects with virtual elements for
annotation.

Interaction Technology Enables individuals to select, access, and visualize relevant
materials.

Wireless Network Crucial for involving others while on the go.

Data Storage and Access Provides information about the current environment to users.
Technology

On the other hand, the aforementioned technology unveils a plethora of fundamental charac-
teristics that resonate with the evolving educational paradigm. It fosters engaging interaction with
diverse learning resources, propels the visualization of information in captivating formats, and
empowers the creation of immersive scenarios that amplify conceptual understanding. These
transformative capabilities demonstrably have profound repercussions on the learning process, enriching
it with deeper engagement, improved knowledge retention, and a strengthened ability to apply
theoretical frameworks to real-world situations [28]. In recent times, the use of AR and virtual reality
(VR) applications in education is rapidly expanding. AR, in particular, offers sig-nificant potential for
illustrating complex concepts and theories in a more dynamic and engaging way. Historically,
researchers have developed various learning environments, games, and simu-lations using AR
technology, effectively presenting computer-generated graphics to students [29]-[31]. The application
areas of AR encompass various domains, including sports, health, gaming, education, culture,
marketing, and more [32]. The implementation of AR applications in these fields can be observed in
Table 2.

Table 2. Implementation of Augmented Reality.
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Field Researcher
Sports, games and edutainment [33],[34],[35]
Cultural heritage [36],[37],[38]
Medical [39],[40]
Education and training [41]
Marketing/Advertising [42]

Kolb's Learning Styles
Kolb's Experiential Learning Theory (ELT) serves as the foundation for Kolb's Learning Style

Inventory (LSI), which assesses students' preferences for different stages of the learning cycle. Based
on this theory, four distinct learning styles are identified: Converger (AC/AE), Diverger (CE/RO),
Assimilator (AC/RO), and Accommodator (CE/AE). Each learning style corresponds to different ways
individuals process information and engage with learning. Convergers are adept at applying ideas
practically, Divergers are skilled at viewing experiences from multiple perspectives, Assimilators excel
in developing theories and working with abstract concepts, and Accommodators thrive through hands-
on, active learning. Detailed characteristics and learning objectives for each Kolb learning style can be
found in Table 3.

Table 3. Characteristics of Kolb's Learning Styles and Their Learning Objects.

Learning Characteristics Objectives
Styles

Assimilator This group utilizes abstract concepts and Learning objects may take the form
reflective observation. They excel in using of text-based materials such as
inductive reasoning and are considered audio, video, and oral tutorials.
"personal learners"

Accommodator Students in this group tend to rely on Learning objects can be structured
concrete experiences and active as text-based materials, including
experiments. They are highly proficient in practical exercises, sharing
hands-on activities. experiences, and tutorials on web

pages.

Diverger Proficient in real-life experiences and Learning objects can be in the form
reflective observation, Divergers tend to be of animations, graphics, and
imaginative and contribute innovative ideas. symbols.

Converger Conceptually  abstract and  actively Learning objects may be structured
experimental, Convergers can apply as text-based materials, such as
practical applications of ideas through Microsoft Office and web pages.
deductive reasoning. They are also skilled
problem solvers.

METHODS

This research has resulted in a system designed to guide visitors in exploring the UPI campus
using mobile devices. In developing this system, a process model was employed to guide the system's
construction, and the sequential linear model was utilized for application development. This model is
systematic, where each stage of software development is carried out sequentially, starting from analysis,
design, coding, and testing.

The use of this development model is based on the characteristics of AR-based learning system
development, which requires systematic stages starting from needs analysis, design, development,
implementation, to evaluation. Previous studies have shown that AR in education has several
advantages, but its development still faces challenges related to usability, learning design, and
implementation in real learning contexts [22], [28]. Therefore, a structured development procedure is
needed to ensure that the system is not only technically functional but also aligned with learning
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objectives and user needs. In addition, user acceptance evaluation is also considered important because
attitudes towards educational technology can influence the success of technology implementation in
learning [14].

Figure 1 explains the multimedia development procedure used in this study. This procedure refers
to the ADDIE development model, which consists of five main stages: Analyze, Design, Develop,
Implement, and Evaluate. In the Analyze stage, researchers gathered information through literature
reviews and field studies to identify learning problems, student needs, and software requirements for
developing Augmented Reality-based learning multimedia.

Next, in the Design phase, the researchers developed an AR-based learning multimedia design
integrated with the Kolb’s Experiential Learning Model. This phase included the creation of flowcharts,
storyboards, and AR markers as the basis for media development. The flowcharts were used to illustrate
the application's navigation flow, the storyboards were used to design the appearance and content of
each page, and the AR markers served as markers to display Augmented Reality objects during the
learning process.

In the Development phase, the designs produced in the previous phase were developed into AR-
based learning multimedia for mobile devices. This phase included the creation of Bookmarks, the
implementation of Kolb’s Experiential Learning steps into the media, and initial testing to ensure the
media functioned as designed. Furthermore, several technical processes were carried out to support the
development of the AR system. First, coordinate point searches were conducted to identify the
coordinates of each location or object used as a point for placing the AR model. Second, 3D models
were created to develop virtual objects for each Point of Interest (POI) used in the application. Third,
location-based Augmented Reality was implemented using Unity3D and Mapbox as a supporting
framework to display AR objects based on the user's location. Finally, the AR application was run and
tested on an Android device with at least Nougat 7.0 operating system and ARCore support to ensure
the AR features worked properly.

After the media was developed, expert validation was conducted to assess the feasibility of the media
and learning materials. If the validation results did not meet the feasibility criteria, the media was revised
and retested. However, if the media was deemed valid, the product proceeded to the implementation
phase.

In the Implement stage, the validated learning multimedia is applied in the learning process. The
implementation took place at SMK Negeri 2 Bandung, specifically for the Software Engineering
expertise competency. The population in this study were students majoring in Software Engineering at
SMK Negeri 2 Bandung, while the sample was 30 grade XI RPL 2 students selected using a purposive
sampling technique. In this stage, students participated in learning using Augmented Reality-based
multimedia that implemented the Kolb’s Experiential Learning Model.

The final stage is Evaluation. This stage involves evaluating the feasibility of developing AR-based
learning multimedia. This is then used to evaluate the research results and draw final conclusions
regarding the feasibility of the developed media.
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Figure 1. Multimedia Development Procedures.
RESULT AND DISCUSSION
Analyze Stage

The Analyze stage was conducted to identify learning problems, student needs, and system
requirements for developing an Augmented Reality-based learning system. The main problem addressed
in this study was the limitation of conventional learning, which has increasingly used digital technology
but still tends to be static, less interactive, and not fully immersive. Therefore, a learning system that
can provide more visual, interactive, and personalized learning experiences is needed. The needs
analysis was supported by a preliminary questionnaire distributed to several grade XI Software
- - - - - -~ - - - - - -
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Engineering students. As shown in Figure 2(a), Object-Oriented Programming was the most difficult
subject for students. A total of 66.7% of students, or 20 students, stated that they had difficulty
understanding Object-Oriented Programming, followed by Static Data Structure with 23.3%, Dynamic
Data Structure with 6.7%, and PHP with 3.3%. These findings indicate that Object-Oriented
Programming requires a more interactive and visual learning approach to help students understand
abstract programming concepts.

The questionnaire also showed that most students preferred collaborative learning. As presented
in Figure 2(b), 63.3% of students, or 19 students, preferred group-based learning, while 36.7% preferred
individual learning. This finding indicates that the developed learning system needs to support both
individual and collaborative learning activities. Therefore, the system was designed to include individual
activities such as pre-test and post-test, as well as group activities through Student Worksheets (LKPD).
This combination was expected to support students’ independent understanding while also encouraging
collaboration during the learning process. In terms of learning media, students stated that they had
previously used PowerPoint presentations, videos, websites, and e-modules in PDF format. However,
these media were still considered insufficient to fully support interactive and immersive learning
experiences. This condition strengthened the need to develop AR-based learning media that could
present learning materials through 3D visualization, animation, and direct interaction with learning
objects.

The preliminary questionnaire also revealed several problems related to students’ logical
thinking activities. Figure 2(c) shows that 73.3% of students, or 22 students, only occasionally concluded
learning materials in class, while 16.7% never did so and only 10% often concluded the materials. In
addition, Figure 2(d) shows that 70% of students, or 21 students, only occasionally gave arguments or
opinions about the materials delivered by the teacher, while 23.3% never did so and only 6.7% often
gave arguments. Furthermore, as shown in Figure 2(e), 53.3% of students, or 16 students, sometimes
experienced difficulty solving problems from case studies or questions given by the teacher, while
43.3% often experienced difficulty and only 3.3% never experienced such difficulty.
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Figure 2. Preliminary needs analysis of grade XI Software Engineering students: (a) percentage of subjects
considered difficult by students; (b) students’ preference for individual and group learning; (c) students’ ability
to draw conclusions in learning; (d) students’ ability to give arguments in learning; and (e) students’ problem-

solving ability in learning.

Based on these findings, the developed system was designed not only to present learning
materials but also to support students in observing, analyzing, arguing, solving problems, and drawing
conclusions. The use of Augmented Reality was considered relevant because AR can combine virtual
objects with real environments and provide students with direct visual interaction with learning
materials. Previous studies have shown that AR can increase students’ motivation, attention, confidence,
and comfort in learning [1]—[3]. In addition, AR is also aligned with constructivist learning principles
because it allows students to observe, explore, and interact with learning objects in a more contextual
environment [4], [5].

In this study, the system was also designed to support learning personalization based on Kolb’s
Experiential Learning Model. The need for personalization emerged because students have different
learning styles, so uniform learning methods may not fully accommodate their learning characteristics.
Therefore, the developed system integrates AR visualization with learning activities that are adjusted to
students’ learning preferences. This is in line with previous research showing that the use of AR in
learning can be more effective when it considers students’ characteristics and learning styles [8].
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Design Stage

Figure 3 illustrates the learning process flow developed in this study, which is based on AR and
adapted to Kolb's learning style. The main components in this model consist of: Students, Learning
Preference Assessment, Learning according to Learning Style, Materials, Augmented Reality, and
Assessment. The process begins with an assessment of students' learning preferences through a valid
instrument that identifies Kolb's four learning styles: Diverger, Assimilator, Converger, and
Accommodator. The results of this assessment are used to determine the appropriate learning approach
for each individual. The material presented is adapted to the characteristics of the learning style and is
reinforced through an AR-based interactive display to improve conceptual understanding. This learning
stage ends with an evaluation to measure mastery of the material and its impact on student motivation
and learning engagement. This model emphasizes personalization of learning and the use of interactive
technology as a strategy to increase effectiveness and comfort in the learning process, as well as support
the achievement of learning objectives more optimally.

The design of this learning flow emphasizes the role of AR as more than a visualization tool.
AR is positioned as part of the learning experience that supports observation, exploration, and interaction
with learning objects. This design is relevant to previous studies which reported that AR-based learning
can increase engagement and conceptual understanding through interactive visualization [9], [10].
Therefore, the learning flow was designed to connect learning style, learning material, AR interaction,
and assessment in one integrated system.

Matenals

Learning Preference +|Learning according to o Assessment
. Assessment | Leaming Style g T
;
Students

Augmented Reality

Figure 3. Learning flow model

Figure 4 illustrates the interaction of users, in this case students, with the Augmented Reality-based
learning system. Based on Figure 4, students as the main actors have access to several system features,
starting from reading tutorials in the form of video guides, as well as reading information relevant to the
material or technical use of the application. The core activity in this system is the learning process,
which includes displaying learning objectives, accessing teaching materials, and working on LKPD in
digital format. One of the superior features of this LKPD is the integration of Augmented Reality
technology, which allows students to see animated or 3D objects when the device is directed at a certain
marker. The learning process is continued with learning evaluation, which consists of a pretest to
measure initial understanding, a quiz as a formative evaluation, and a posttest to assess the final learning
outcomes. Through this entire series of interactions, the system is designed to support adaptive and
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interactive learning, utilizing AR to improve conceptual understanding and an interesting learning
experience.

The design of the system also supports active learning because students are not only required to
read materials but also to interact with AR objects, complete worksheets, and answer formative
evaluation questions. This approach is consistent with the view that visual and interactive
representations can strengthen conceptual understanding and memory retention in learning [44].

Reading Learning
Objectives

Reading Tutorials

Reading Materials

Exends

IS
~

Augmented Reality

Reading Information

Students
Worksheets
Evaluating Leaming _.1em'
Extends
Figure 4. Use case diagram
Develop Stage

In developing an augmented reality campus guide application used to display tour guide models
at the Indonesian Education University, several steps that can be taken are:

a. Coordinate Point Search, namely identifying the coordinates of each building at the Indonesian
Education University as a point for placing the tour guide model.

b. 3D Model Creation, namely the process of creating a 3D model for each Point of Interest (POI) that
will be used.

c. Implementation of Location-Based Augmented Reality, namely implementing location-based
augmented reality using Unity3D with Mapbox as an augmented reality framework.

d. Operation of the Augmented Reality Campus Guide Application is used to operate the augmented
reality campus guide application created for the Indonesian Education University, an Android device
with the Nougat 7.0 operating system and ARCore application support is required.

Figure 5 shows the learning and evaluation interface display on the application. Based on Figure

5, the evaluation process is carried out through several stages, namely pre-test and post-test individually

to measure the initial understanding and improvement of participant competence. In addition, there are
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also activities to work on Student Worksheets (LKPD) which are carried out in groups to develop
collaboration skills and a deeper understanding of concepts. With this combination of individual and
group evaluations, the application can provide a comprehensive picture of the effectiveness of the
learning process and the achievement of participant competence.

Student Worksheet

Which group are you in?
Don't forget to prepare your \
Marker!!

Evaluation

CHAPTER 1
Class & Object

and | st are forms of
evaluation to understand student
ability development before and
after the learning process.

(@) Learning Objectives

E Material
@ Student Worksheet

The is taken before the
learning starts, while the
is conducted after the
learning is complete.

@ Group 3

PRE-TEST

POST-TEST

Figure 5. Learning and evaluation interface.

The developed system was tested on 30 11th-grade RPL 2 students at SMK Negeri 2 Bandung.
Students used an AR-based learning application via mobile devices to participate in the learning process,
complete pre- and post-tests, and provide feedback on the media used. The questionnaire used in this
study was structured based on the components of the Technology Acceptance Model (TAM). Questions
covered aspects of perceived usefulness, perceived ease of use, attitude toward use, and intention to use.
Perceived usefulness was used to determine the extent to which students felt the media could improve
understanding, facilitate learning, and support the achievement of learning outcomes. Perceived ease of
use was used to assess the ease of procedures, achievement of learning objectives, and ease of use of the
media. Meanwhile, attitude toward use and intention to use were used to determine students' attitudes
toward using the media and their tendency to use and recommend it.

In addition to the application interface, this study also demonstrated how the Augmented Reality
feature works. The AR feature works by pointing the mobile device's camera at a specific marker in the
Bookmarker or LKPD Book. When the marker is detected, the system displays a virtual object,
animation, or appropriate learning material on the device screen. Students then use these AR objects to
observe the material, analyze problems, answer questions, and complete learning activities. With this
mechanism, the application functions not only as a medium for presenting information but also as an
interactive learning tool that connects 3D visualizations with students' logical thinking activities.

Figure 6 shows the AR visual display when the device's camera is pointed at a specific marker.
In this display, virtual objects appear on the device screen according to the scanned marker. This
visualization clarifies that the AR system works through the process of marker detection and displays
learning content based on 3D objects, animations, or material information. By adding this visualization,
the research results not only display the application's homepage but also demonstrate the key interactions
between the user, markers, and AR objects in the learning process.
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Figure 6. Augmented Reality visualization display when the device is directed at a specific marker or
location point.

Implement Stage

The implementation phase involved implementing a validated AR-based learning system in a real
classroom context. The implementation took place at SMK Negeri 2 Bandung, a program specializing in Software
Engineering. The system was tested with 36 11th-grade RPL 2 students selected using a purposive sampling
method. During implementation, students used the AR-based learning application via mobile devices. They
accessed learning materials, scanned AR markers, observed AR visualizations, completed worksheets, answered
mini-quizzes, and completed pre- and post-tests. The pre-test was used to measure students' initial understanding,
while the post-test was used to identify learning improvements after using the application.

In addition to the learning evaluation, students also completed a questionnaire to provide feedback on the
application. The questionnaire was structured based on the Technology Acceptance Model (TAM), which consists
of four components: perceived usefulness, perceived ease of use, attitude toward use, and intention to use.
Perceived usefulness measured the extent to which students felt the application helped improve understanding and
supported learning outcomes. Perceived ease of use assessed the ease of operation of the application. Meanwhile,
attitudes toward use and intentions to use were used to identify students' attitudes and willingness to continue using
the application.

Implementation results indicate that the system can be used in classroom learning activities and can
support interactive learning. The use of AR visualizations allows students to interact with virtual objects directly
through mobile devices. This supports the notion that AR-based learning environments can increase engagement
and provide a more immersive learning experience [10], [13]. Therefore, the implementation results indicate that
the developed system is relevant to the learning problems identified at the beginning of the study.

Evaluate Stage

First, the application was evaluated using the black box testing method. This method focuses on
testing system functions based on the expected output without examining the internal structure of the
program code. Therefore, black box testing was considered appropriate to assess whether each feature
in the application worked according to the initial design. The tested components included tutorial video
playback, navigation to learning objectives, access to learning materials, AR marker scanning, AR-
based worksheets, pre-test and post-test access, and mini quiz interaction. The results of the black box
testing are presented in Table 4.

Table 4. Results of Blackbox Testing

No. Test Item Scenario Expected Result Result
1 Tutorial Pressing the play video Displays a tutorial video for using Pass
button the app

2 Learning Pressing the back button Returns to the chapter page Pass
Objectives

3 Learning Process Pressing the chapter button Navigates to chapter 1 page Pass

4  Learning Pressing next/prev button Displays the summary of the chapter Pass
Material for slides material
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No. Test Item Scenario Expected Result Result
Directing the camera to the Displays 3D object/animation Pass
marker

5 AR Worksheets  Directing the cameratothe Displays 3D object based on the Pass
marker group
6 Learning Pressing the pre-test Navigates to the pretest assessment Pass
Evaluation button form
Pressing the post-test Navigates to the posttest assessment Pass
button form
7  Mini Quiz Reading the question Displays the question Pass
Pressing the true button Displays the chosen answer result ~ Pass

Pressing the false button Displays the chosen answer result ~ Pass

Based on Table 4, all main functions of the system operated properly and met the expected results.
No major bugs or technical constraints were found during the testing process. This indicates that the
developed AR-based learning system was technically feasible for further implementation in classroom
learning. The successful operation of the main features also shows that the system was ready to support
learning activities, from accessing materials and AR visualization to completing formative and
summative evaluations. This systematic testing process is in line with system validation practices in
educational software development as recommended in previous studies [43].

After the functional evaluation, user acceptance was analyzed using a questionnaire based on the
Technology Acceptance Model (TAM). The questionnaire consisted of four components: Perceived
Usefulness, Perceived Ease of Use, Attitude, and Intention to Use. The questionnaire was administered
to students after the learning process to identify their perceptions of the developed AR-based learning
system. The TAM measurement results are presented in Table 5.

Table 5. TAM Measurement Results.
No. Component Score

1  Perceived Usefulness 78.70
2 Perceived Ease of Use 80.00
3 Attitude 88.17
4 Intention to Use 74.19

Average 80.26

Based on Table 5, the highest score was obtained in the Attitude component, with a score of 88.17,
while the lowest score was obtained in the Intention to Use component, with a score of 74.19. The
overall average score was 80.26, indicating that the AR-based learning system was categorized as very
good and was positively accepted by students. This result shows that students had a favorable attitude
toward the use of the application and perceived it as useful and easy to use in the learning process.

To further examine the relationship among the TAM components, a correlation analysis was
conducted. The correlation among TAM components is presented in Figure 7.
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Figure 7. TAM correlation relationship

As shown in Figure 7, the analysis indicates positive relationships among Perceived Usefulness,
Perceived Ease of Use, Attitude, and Intention to Use. Perceived Ease of Use had a strong relationship
with Perceived Usefulness, with a correlation coefficient of 0.819. This indicates that when students
found the application easy to use, they were more likely to perceive it as useful. This finding is consistent
with previous research which emphasized that Perceived Ease of Use significantly affects Perceived
Usefulness and subsequently influences users’ attitudes toward technology adoption [46].

CONCLUSION

This research demonstrates that an Augmented Reality-based learning system developed through
the ADDIE phase can provide a solution to the limitations of conventional learning, which tends to be
static, less interactive, and less fully immersive. Through the analysis phase, learning needs were
identified as the basis for system development. In the design and development phase, the system was
designed by integrating AR visualizations, 3D models, and learning flows based on Kolb's Experiential
Learning Model to support a more personalized, interactive learning experience that aligns with student
learning characteristics.

Test results demonstrated that the application functioned as intended through black box testing
and was usable by students in the learning process. Student implementation also demonstrated that the
system was easy to use, engaging, and capable of supporting active engagement in learning. Evaluation
using the Technology Acceptance Model (TAM) indicated that perceived ease of use and perceived
usefulness played a significant role in shaping students' attitudes and intentions to use the application.
With an average TAM score of 80.26, the system was deemed feasible and well-received by users.

Thus, this study concludes that the integration of Augmented Reality, Kolb's Experiential
Learning Model, and TAM evaluation can support the development of more adaptive, immersive, and
student-centered learning systems. The implications of this research indicate that AR has great potential
in the development of future learning technologies. Further development can be directed at the
integration of artificial intelligence to enhance learning personalization and provide a learning
experience that is more responsive to each student's needs.
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