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Abstract — Understanding computer hardware is a fundamental competency for vocational students. However, limited
access to physical hardware components often restricts practical learning activities in vocational schools. This study aims
to develop and evaluate VirtuComp, a marker-based Augmented Reality (AR) application for computer hardware learning
using the Multimedia Development Life Cycle (MDLC) methodology. The application visualizes seven essential
computer hardware components as interactive three-dimensional (3D) objects to support students in recognizing and
understanding hardware structures through an immersive learning experience. The development process followed the six
phases of the MDLC framework. The application was evaluated through functional performance testing and usability
assessment involving 68 tenth-grade students from SMK Muhammadiyah 02 Cileungsi using the User Experience
Questionnaire (UEQ). The functional evaluation demonstrated that the marker-based tracking system operated reliably
under adequate lighting conditions with an optimal detection distance of 4-12 cm. The usability evaluation produced
positive results across all six UEQ dimensions. Efficiency achieved a score of 1.89, which was classified as Excellent.
Attractiveness (1.74), Perspicuity (1.78), and Stimulation (1.38) were rated as Good, while Dependability (1.40) and
Novelty (0.96) were categorized as Above Average. These findings indicate that the proposed application provides a
reliable and user-friendly learning medium that supports computer hardware education, particularly in vocational schools
with limited laboratory resources.

Keywords — Augmented Reality, Multimedia Development Life Cycle, User Experience Questionnaire, Computer Hardware,
Central Processing Unit.

Despite these developments, existing studies have
primarily emphasized the implementation of AR
technology or the development of multimedia learning

L. INTRODUCTION

Mastery of computer hardware is a fundamental
competency for students enrolled in the Computer and
Network Engineering (TKJ) vocational program.
Understanding the structure, functions, and
interrelationships of hardware components is essential for
developing the practical skills required in computer
maintenance and system assembly. However, many
vocational schools face challenges in providing sufficient
and up-to-date laboratory equipment due to budget
limitations. Consequently, students often have limited
opportunities to interact directly with physical hardware,
which may reduce the effectiveness of practical learning
activities [1][2].

Recent advances in educational technology have
introduced Augmented Reality (AR) as an effective
medium for enhancing interactive learning experiences.
Previous studies have reported that AR improves students'
motivation, engagement, and conceptual understanding by
integrating virtual three-dimensional objects into real-
world environments. In parallel, the Multimedia
Development Life Cycle (MDLC) has been widely adopted
as a systematic framework for developing multimedia-
based educational applications because it provides
structured stages for design, implementation, and
evaluation [3][4]. Furthermore, usability evaluation using
standardized instruments such as the User Experience
Questionnaire (UEQ) has become increasingly important
for assessing the quality of educational applications from
the users' perspective [13].

applications without comprehensively integrating a
systematic development framework and standardized
usability evaluation in the context of vocational computer
hardware education. In addition, studies focusing
specifically on the visualization of internal computer
hardware components for vocational learning remain
limited. This gap indicates the need for an educational
application that not only provides realistic three-
dimensional visualization but also demonstrates both
technical reliability and positive user experience through
empirical evaluation [6][7][14][15].

To address this gap, this study develops VirtuComp, a
marker-based Augmented Reality application for learning
computer hardware using the Multimedia Development
Life Cycle (MDLC) methodology. The application
visualizes seven essential computer hardware components
in an interactive three-dimensional environment and is
evaluated through technical performance testing and the
User Experience Questionnaire (UEQ) [5]. The main
contribution of this study is the integration of a structured
multimedia development framework with comprehensive
usability evaluation to provide an effective interactive
learning medium for vocational computer hardware
education. The findings are expected to support
technology-enhanced learning by offering an accessible
alternative for schools with limited laboratory resources
while improving students' learning experience through
immersive visualization.
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11.
2.1. Research Design and Object

RESEARCH METHODOLOGY

This study employed a research and development
(R&D) approach to design, develop, and evaluate a marker-
based Augmented Reality application for computer
hardware learning. The development process followed the
Multimedia  Development Life Cycle (MDLC)
methodology, which provides a systematic framework for
multimedia application development through six sequential
phases: Concept, Design, Material Collecting, Assembly,
Testing, and Distribution. The proposed application was
subsequently evaluated to assess its technical performance
and user experience.

The research was conducted at SMK Muhammadiyah
02 Cileungsi, with tenth-grade students from the Computer
and Network Engineering (TKJ) program serving as the
research participants. These participants were selected
because the developed application was specifically
designed to support the learning of computer hardware
components within the vocational school curriculum.

Figure 1 illustrates the overall research methodology
adopted in this study. The research process began with
problem identification and requirement analysis through
field observation and literature review, followed by
application  development using the Multimedia
Development Life Cycle (MDLC) method [3]. The final
stage involved technical performance evaluation through
marker detection testing under different environmental
conditions, as well as usability evaluation using the User
Experience Questionnaire (UEQ) to assess users'
perceptions of the proposed application. This systematic
research framework ensured that both the technical
functionality and the educational usability of the developed
application were comprehensively evaluated.

Field Observation

) 4
Technical
Implementation via
MDLC

Y
)

Empirical Validation

Figure. 1 Research Methodology.
2.2. Development Framework (MDLC)

The proposed application was developed using the
Multimedia  Development Life Cycle (MDLC)
methodology, which provides a structured framework for
developing multimedia-based applications. The MDLC
approach consists of six sequential phases that ensure the
systematic design, implementation, and evaluation of the
proposed Augmented Reality application [3].

1. Concept: This phase identified the instructional
objectives, target users, and functional
requirements of the application, as well as the
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computer hardware components to be visualized
in the learning environment.

2. Design: The system architecture, user interface,
application ~ workflow, and  marker-based
interaction mechanism were designed to support
intuitive navigation and effective visualization of
three-dimensional objects.

3. Material Collecting: Learning materials, three-
dimensional  models, textures, hardware
specifications, and multimedia assets were
collected and prepared for integration into the
application.

4. Assembly: All multimedia assets were integrated
into the development environment using the Unity
game engine and the Vuforia Software
Development Kit (SDK). Interactive features,
including marker recognition, object visualization,
and user interaction, were implemented during this
phase.

5. Testing: The application underwent functional
and technical evaluations to verify marker
detection accuracy, object visualization stability,
and application performance under different
operating conditions. Usability was subsequently
assessed using the User Experience Questionnaire

(UEQ).

6. Distribution: The completed application was
packaged as an Android application package
(APK) and deployed for evaluation by the target
users in the learning environment.

Figure 2 illustrates the six phases of the Multimedia
Development Life Cycle (MDLC) implemented in this
study. The framework provides a systematic development
process, beginning with concept formulation and
application design, followed by multimedia asset
integration, system implementation, testing, and final
deployment. The adoption of the MDLC methodology
ensured that the proposed Augmented Reality application
was developed in a structured manner while meeting both
functional requirements and educational objectives.

Material
Collecting

Figure. 2 Stages of the Multimedia Development Life Cycle (MDLC)
Method.

2.3. Usability Evaluation

Distribution

The usability of the proposed Augmented Reality
application was evaluated using the User Experience
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Questionnaire (UEQ), a standardized instrument widely
employed to assess users' perceptions of interactive
systems. The UEQ measures six dimensions of user
experience:  Attractiveness, Perspicuity, Efficiency,
Dependability, Stimulation, and Novelty, providing a
comprehensive evaluation of both pragmatic and hedonic
aspects of system usability.

The evaluation was conducted after participants
completed the learning activities using the developed
application. A total of 68 tenth-grade students from the
Computer and Network Engineering (TKJ) program at
SMK Muhammadiyah 02 Cileungsi participated in the
evaluation. The sample size was determined using the
Slovin formula to ensure that the selected respondents
adequately represented the target population.

The collected UEQ responses were analyzed by
calculating the mean score for each evaluation dimension
and comparing the results with the established UEQ
benchmark categories. This benchmarking process enabled
the usability and user experience of the proposed
application to be interpreted according to internationally
recognized evaluation standards, thereby providing
empirical evidence of the application's effectiveness and
user acceptance.

II1. RESULTS AND DISCUSSION

3.1. Application Implementation and 3D Visualization

The implementation phase resulted in the development
of VirtuComp, an Android-based Augmented Reality (AR)
application designed to facilitate the learning of computer
hardware components through interactive three-
dimensional visualization [8]. The application was
developed following the Multimedia Development Life
Cycle (MDLC) framework and integrates marker-based
AR technology to present virtual hardware models in a real-
world environment. This implementation enables users to
explore computer hardware interactively, providing a more
engaging and immersive learning experience than
conventional two-dimensional instructional media.

(o

Information Instruction

WE SAY
HELLO!

VirtuComp
REEY

Figure. 3 Application UL

Figure 3 presents the implemented Android application
user interface. The interface consists of the Instruction and
Main Menu screens, which serve as the primary interaction
points for users. The Instruction screen provides guidance
on operating the application, while the Main Menu offers
access to the application's core functions, including AR
visualization, learning materials, and additional features.
The interface was designed with an intuitive navigation
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structure to enhance usability and facilitate efficient
interaction.

> VY %
Figure. 4 3D Visualization.

Figure 4 illustrates the three-dimensional visualization
of computer hardware components implemented within the
application. The developed models, including the
motherboard and other CPU components, were designed
with realistic geometric structures and textures to closely
resemble actual hardware. The integration of interactive 3D
visualization allows users to observe each component from
multiple perspectives, thereby improving conceptual

understanding of hardware structures and supporting a
more immersive learning process [9][11].
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Figure. 5 AR Markers.

Figure 5 presents a representative AR marker used in
the proposed marker-based Augmented Reality application.
The marker functions as the primary recognition target,
enabling the system to detect and track physical images
before rendering the corresponding three-dimensional
computer hardware model together with its instructional
information. This marker-based recognition mechanism
ensures stable object visualization, accurate tracking, and
seamless interaction, thereby enhancing both the reliability
of the application and the overall learning experience [12].

3.2. Experimental Results of Performance Evaluation

The performance evaluation was conducted to assess
the effectiveness of the marker-based tracking mechanism
under different environmental conditions, including
variations in detection distance and lighting intensity. The
evaluation aimed to determine the operating conditions that
provide stable object recognition and visualization, thereby
ensuring the reliability of the proposed Augmented Reality
application during instructional activities.

Table 1 summarizes the experimental results obtained
from the marker detection tests. The results indicate that the
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application achieved its most stable performance when the
marker was positioned at a distance ranging from 4 cm to
12 cm from the device camera. Within this range, the
system consistently recognized the marker and rendered the
corresponding three-dimensional object with accurate
alignment and minimal tracking instability. At shorter
distances, the marker occupied a larger portion of the
camera frame, while distances within the optimal range
provided sufficient image detail for reliable feature
extraction and tracking.

Table 1. Testing Parameters

Testing Good Fair Poor

4 v
8 v

Distance (cm) 12 v
27 v
50 v
0° v

Tilt Angle 45° v
70° v

Lighting Bright v

Condition Dark N

As the detection distance increased beyond

approximately 27 cm, the tracking performance gradually
deteriorated. This reduction in accuracy can be attributed to
the decreasing image resolution of the marker captured by
the camera, which limits the number of distinguishable
feature points available for the computer vision algorithm.
Consequently, the system experienced delayed recognition
or failed to render the virtual object consistently.

Lighting conditions also had a significant influence on
tracking performance. Stable visualization was achieved
under adequate illumination, whereas darker environments
reduced image contrast and degraded the visibility of
marker features. Since marker-based Augmented Reality
relies on feature detection and image matching, insufficient
lighting negatively affected the system's ability to
distinguish the marker from the surrounding background,
resulting in unstable tracking and reduced visualization
accuracy.

Overall, the experimental findings demonstrate that the
proposed application provides reliable marker recognition
and stable three-dimensional visualization when operated
within the recommended distance and lighting conditions.
These results confirm the technical feasibility of employing
marker-based Augmented Reality as an effective
instructional medium for computer hardware learning.

3.3. Usability Evaluation and Empirical Findings

The usability of the proposed application was evaluated
using the User Experience Questionnaire (UEQ), which
measures user perceptions across six dimensions:
Attractiveness, Perspicuity, Efficiency, Dependability,
Stimulation, and Novelty. The evaluation aimed to assess
both the usability and overall user experience of the
marker-based Augmented Reality application after users
completed the learning activities [10].

The UEQ Benchmark graph and the corresponding
mean scores are presented in Figures 6 and 7, providing a
comprehensive comparison between the obtained results
and the established UEQ benchmark categories. These
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findings offer quantitative evidence of the application's
usability and interaction quality, allowing its performance
to be evaluated against a large collection of benchmarked

interactive systems.
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Figure. 6 UEQ Benchmark Graph.
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The benchmark analysis indicates that the application
achieved a mean score of 1.89 for the Efficiency dimension,
placing it in the Excellent category. This result
demonstrates that users were able to complete learning
tasks efficiently, navigate the interface with minimal effort,
and interact with the application's features without
unnecessary complexity. The high efficiency score reflects
the effectiveness of the interface design and interaction
flow in supporting computer hardware learning.

The remaining dimensions also produced favorable
results. Attractiveness (1.74), Perspicuity (1.78), and
Stimulation (1.38) were classified as Good, indicating that
users perceived the application as visually appealing, easy
to understand, and engaging throughout the learning
process. These findings suggest that the combination of
intuitive navigation, clear instructional content, and
interactive three-dimensional visualization contributed
positively to the overall learning experience.

Meanwhile, Dependability (1.40) and Novelty (0.96)
were categorized as Above Average, demonstrating that
users considered the application reliable while also
recognizing its innovative characteristics. Although the
Novelty score was lower than the other dimensions, it still
exceeded the average benchmark, indicating that the
application offers a satisfactory level of innovation while
leaving opportunities for future enhancements, such as
richer interactive features, adaptive learning scenarios, or
more immersive Augmented Reality interactions.

G

Daya tark 174 Good 10% of results better, 75% of results worse
Kejelasan 178 Good 10% of results better, 75% of results worse
Efisiensi 189 Excellent In the range of the 10% best results

Ketepatan 140 Above Average 25% of results beter, 50% of results worse
Stimulasi 138 Good 10% of results bewer, 75% of results worse
Kebaruan 0.96 Above Average 25% of results better. 50% of results worse

Figure. 7 UEQ Mean Scores.

Overall, the empirical findings demonstrate that the
proposed application delivers a positive user experience
across all six UEQ dimensions. The consistently favorable
benchmark ratings indicate that the application not only
functions reliably from a technical perspective but also
provides an effective, engaging, and user-friendly learning
environment. These results support the feasibility of
employing marker-based Augmented Reality as an
instructional medium for computer hardware education and

JISA (Jurnal Informatika dan Sains) (e-ISSN: 2614-8404) is published by Program Studi Teknik Informatika, Universitas Trilogi

under Creative Commons Attribution-ShareAlike 4.0 International License.

106



JISA (Jurnal Informatika dan Sains)
Vol. 09, No. 01, June 2026

confirm that the developed application satisfies key
usability requirements for educational technology.

3.4. Scientific Discussion

The findings of this study demonstrate that the
integration of marker-based Augmented Reality with the
Multimedia  Development Life Cycle (MDLC)
methodology provides an effective approach for
developing interactive learning media for computer
hardware education. The technical evaluation confirmed
that the proposed application achieved stable marker
recognition under appropriate operating conditions, while
the usability evaluation indicated positive user perceptions
across all six User Experience Questionnaire (UEQ)
dimensions. These results suggest that the application
successfully fulfills both its functional requirements and
usability objectives.

Compared with previous studies, such as Ramadhan
(2021), which primarily emphasized the overall quality of
Augmented Reality systems, the present study specifically
focuses on the visualization of computer hardware
components within a vocational education context [9]. This
domain-specific implementation enables students to
interact directly with three-dimensional representations of
hardware components, thereby supporting a more engaging
and intuitive learning process. The adoption of the MDLC
framework also provides a structured development process
that facilitates systematic multimedia application design
and evaluation.

The Efficiency score of 1.89, categorized as Excellent
according to the UEQ benchmark, indicates that users were
able to operate the application with minimal effort and
navigate its features effectively. In addition, the positive
scores obtained for  Attractiveness, Perspicuity,
Dependability, Stimulation, and Novelty demonstrate that
the application offers a balanced user experience by
combining functional usability with engaging visual
interaction. These findings indicate that the developed
application is suitable for supporting practical learning
activities in vocational education.

From an educational perspective, the proposed
application offers a practical alternative for introducing
computer hardware concepts in situations where access to
physical laboratory equipment is limited. Rather than
replacing conventional laboratory practice, the application
complements existing instructional methods by providing
interactive three-dimensional visualization that enhances
students' conceptual understanding and learning
engagement. Consequently, the proposed Augmented
Reality application has the potential to support technology-
enhanced learning environments while reducing the
dependence on extensive physical hardware resources.

Iv.

This study developed VirtuComp, a marker-based
Augmented Reality (AR) application for computer
hardware learning using the Multimedia Development Life
Cycle (MDLC) method. The application enables students
to explore three-dimensional models of computer hardware
components interactively, providing a more engaging
learning experience than conventional instructional media.

CONCLUSION
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The experimental evaluation demonstrated that the marker-
based tracking mechanism operated reliably under
adequate lighting conditions and at an optimal detection
distance of 4-12 cm, ensuring stable visualization of virtual
objects. Furthermore, the User Experience Questionnaire
(UEQ) results indicated positive user perceptions across all
six evaluation dimensions, with the Efficiency scale
achieving an Excellent benchmark rating, reflecting the
application's ease of use and effective interaction design.
These findings suggest that the proposed application is a
practical and effective learning medium for supporting
computer hardware education while reducing the need for
extensive physical laboratory equipment. Future research
may focus on integrating virtual hardware assembly
simulations, incorporating interactive assessment features,
and improving marker tracking performance under
challenging environmental conditions to further enhance
learning effectiveness and user experience.
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