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Abstract

Advancements in Virtual Reality (VR) and Metaverse technologies have created new opportunities to

enhance user experiences, particularly in education. This study presents the design and development of a

VR-based Metaverse application for the Faculty of Computer Science at Universitas Kuningan. The
application functions as an interactive promotional tool and campus navigation aid, utilizing the Dijkstra

algorithm to compute the shortest routes within the virtual environment. Key features include realistic 3D
campus visualizations, integrated information on essential locations, and route optimization from the main

gate to user-selected destinations. Testing was conducted through black-box, white-box, and User
Acceptance Testing (UAT) methods. User feedback indicated that navigation was effective, with directional
clarity and usability scored at 3.59 and 3.18, respectively, while the 3D visualization received scores above
3.4 for realism. Interactivity and immersion achieved a score of 3.35, and the interface was deemed intuitive
and accessible across devices (3.38 and 3.82). Despite minor issues with system responsiveness (averaging
2.65), users expressed high overall satisfaction and a strong intention to reuse and recommend the
application, with a recommendation score of 3.76. This implementation highlights the potential of
Metaverse technology in education and serves as a foundation for its wider adoption in Indonesian higher
education.
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experience. Integrating VR in learning
environments can also attract prospective
students by offering innovative ways to explore
the campus[6]. Despite the availability of
supporting hardware such as Oculus VR devices,
the use of these technologies remains limited and
underexplored, especially in the context of
promotional media.

Currently, the promotional strategies
employed for campus introduction rely primarily
on social media and printed brochures. These
media lack interactivity and immersive qualities,
preventing prospective students from
experiencing the campus environment directly.

1. INTRODUCTION

The digital era has significantly
transformed various aspects of life, including
education. The rapid development of information
and communication technology has enabled the
emergence of innovative learning methods and
new forms of interaction. Among these, Virtual
Reality (VR) and the Metaverse have emerged as
cutting-edge technologies offering immersive
and interactive experiences in  digital
environments[1], [2][3].

Metaverse, as a shared virtual space, has

drawn increasing attention across different
sectors, including higher education[4]. It
presents a promising research direction due to its
potential to create more engaging and
collaborative learning environments. In the
context of education, Metaverse can overcome
traditional learning limitations by providing
enriched and interactive experiences[5].

As an institution focused on information
technology, the Faculty of Computer Science at
Universitas Kuningan has a unique opportunity
to adopt VR and Metaverse technologies to
enhance educational quality and the student

Terakreditasi SINTA 5

The information provided is typically static and
constrained by 2D formats, with limited capacity
for real-time updates. Additionally, printed
brochures require physical distribution, which
limits their outreach.

Particularly in Campus 2 of the Faculty
of Computer Science, there has been no
application of Virtual Reality for promotional
purposes, even though technology offers the
potential to deliver a more engaging and realistic
campus tour. This research aims to address this
gap by developing a Metaverse-based virtual
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campus environment to introduce the faculty’s
facilities interactively.

To support effective exploration within
the virtual environment, this study integrates the
Dijkstra algorithm, which is known for its
efficiency in determining the shortest path
between two points[7]. This implementation will
facilitate navigation within virtual space, helping
users to move from the main gate to various
destinations within the campus.

Therefore, this study focuses on the
design and development of a Metaverse VR
application for the Faculty of Computer Science,
implementing the Dijkstra algorithm to enable
efficient navigation within the virtual campus
environment. The final prototype aims to provide
a virtual space that accurately represents the
faculty’s facilities while offering a functional,
immersive, and educationally valuable user
experience.

The objective of this research is to
develop an interactive and immersive VR-based
Metaverse prototype that not only serves as an
innovative promotional tool but also enables
accurate campus navigation using the Dijkstra
algorithm. Through this system, prospective
students can explore the faculty environment
virtually, gain spatial awareness of important
locations, and experience a realistic campus
atmosphere without needing to be physically
present. It is expected that this research will
contribute to the advancement of VR and
Metaverse-based educational technologies and
serve as a foundation for further exploration and
adoption within higher education in Indonesia,
particularly in computer science faculties.

2. RESEARCH METHODS

The research method outlines the
systematic steps undertaken in this study,
presented in the form of a flowchart. This
flowchart illustrates the overall research process,
starting from problem identification, requirement
analysis, system design and development to
system testing and evaluation of the research
outcomes. Each stage is structured to ensure a
clear and logical progression toward achieving
the research objectives.

The research process shows in Figure 1,
beginning with system requirement
identification through problem analysis and
literature review. Relevant references from
books, journals, and existing Metaverse
implementations in higher education were
examined. Data collection was conducted via
observations and interviews with faculty leaders,
lecturers, and students to identify user needs.
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The next phase involved system and
interface design, including use case diagrams,
navigation flowcharts, 3D object models, and
Metaverse website layout. A prototype was then
developed based on the initial design and
evaluated by selected faculty and students to
gather feedback on  usability, feature
completeness, and system effectiveness.

Based on user input, the system design
and prototype were reviewed and refined before
entering the final development stage, where all
features were fully implemented and integrated.
The system was subsequently tested to ensure its
functionality and interactive experience. The
final stage is system maintenance, aimed at
ensuring long-term functionality and adaptability
to future changes.

Prototyping —\,\

Initial Desian Customer
Requirements 9 Evaluation

\ Review and /
Updation -
‘ Maintain H Test Development

PROTO TYPE MODEL

Fig 1. Research Process
2.1. Prototype System

This study adopts the Prototype System
Development Model, which emphasizes iterative
development, early user involvement, and
continuous refinement of the system. The
research began with the identification of
problems related to the limited use of interactive
media for campus promotion. This was followed
by a literature review involving books, scientific
journals, and prior studies related to Virtual
Reality (VR) and Metaverse technologies in the
context of higher education. To further
understand user expectations, data were collected
through direct observation and interviews with
the dean, lecturers, and students of the Faculty of
Computer Science at Universitas Kuningan.
Comparative studies of existing Metaverse
platforms were also conducted to gather
references on  design  features and
implementation strategies.

After identifying the problem and
analyzing the context, a requirement analysis
was carried out to determine the system’s
functional and non-functional needs. These
included features such as 3D visualization of the
campus, shortest-path navigation using the
Dijkstra algorithm, integration of location-based
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information, user-friendly interface design, and
cross-device accessibility. The system design
stage involved creating case diagrams,
navigation flowcharts, and user interface
mockups. Additionally, 3D models representing
the campus environment were developed using
Blender, and the virtual campus was built using
the Spatial.io platform.

Following the design phase, a prototype
was developed to simulate the main features of
the system, such as interactive 3D exploration
and campus navigation[3]. The prototype was
then evaluated by a group of representative users,
including faculty members and students, to
gather feedback on usability, visual quality,
interactivity, and system performance. The
feedback obtained was analyzed and used to
revise and improve the prototype, particularly in
areas such as navigation flow, user interface
clarity, and system responsiveness.

The improved version of the application
was then finalized by integrating all refined
features into a complete VR Metaverse system
for Campus 2 of the Faculty of Computer
Science. The Dijkstra algorithm was fully
implemented to allow accurate and efficient
navigation within the virtual environment. After
development, the final system underwent a
comprehensive testing phase, including black-
box testing, white-box testing, and User
Acceptance Testing (UAT), to ensure that all
functionalities operated correctly and met user
expectations. Finally, the system entered the
maintenance phase, which focuses on ensuring
long-term  operability, providing technical
support, and preparing the system for future
enhancements or adjustments in line with
evolving user needs.

2.2. Djisktra Algorithm

The Dijkstra algorithm is a classic
graph-based search algorithm developed by
Edsger W. Dijkstra in 1959, designed to find the
shortest path between nodes in a graph, which
may represent, for example, road networks,
computer networks, or virtual environments[8].
It is widely used in various fields, including
routes, network optimization, and more recently,
virtual navigation systems in immersive
environments such as Virtual Reality (VR) and
Metaverse applications.

In this study, the Dijkstra algorithm is
implemented to calculate the shortest and most
efficient navigation path between points of
interest within the virtual campus environment.
Each location on the virtual map is represented
as a node, while the possible routes between
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them are represented as edges with associated
weights or distances. When a user selects a
starting point and a destination, the algorithm
calculates the optimal path by iteratively
selecting the nearest unvisited node, updating the
shortest distances, and marking nodes as visited
until the destination node is reached. The result
is a list of nodes representing the most efficient
path, which is then visualized within the
Metaverse environment as a guiding route.

The main advantages of the Dijkstra
algorithm are its simplicity, accuracy, and
reliability, particularly when all edge weights are
non-negative. These characteristics make it a
suitable choice for pathfinding in virtual spaces
where quick and reliable navigation is essential
to improve user experience. In the context of this
research, the Dijkstra algorithm supports real-
time navigation assistance within the virtual
Faculty of Computer Science campus, allowing
users to explore facilities such as classrooms,
laboratories, and  administrative  offices
effectively [9].

This implementation not only enhances
orientation within the digital space but also adds
functional value to the VR Metaverse system,
making it not just a visual representation but also
an interactive and informative platform. By
integrating Dijkstra’s algorithm, the system
provides a personalized and efficient campus
tour, which is particularly beneficial for
prospective students unfamiliar with the real-
world layout of the institution

Each location within the virtual campus
is modeled as a node, and the possible paths
between them are treated as edges with
associated weights or distances. When a user
selects a starting point and destination, the
algorithm performs a systematic traversal of the
graph, updating the shortest known distances to
each node and determining the optimal path
based on the lowest cumulative cost. This
calculated path is then visually rendered within
the VR environment to guide the user.

In determining the shortest route using
Dijkstra's Algorithm, there are several steps that
must be taken so that the desired shortest route
can be achieved properly in the campus
Metaverse implementation, including:

1. Determine the starting point or node and the
end node of the campus room location,

2. Determine the weight value or distance
between each existing room location,

3. Next, set all nodes as ‘untranslated nodes and
the start node as the ‘departure start node’,

4. Path value = 0, find the initial shortest route
using Dijkstra's Algorithm by comparing the
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weight value (distance) connected to the
initial node,

5. If successful, the shortest path has been
found, while if unsuccessful, the steps will be
repeated to find the route,

6. Nodes that have been travelled are designated
as ‘touched nodes’ and become ‘departure
nodes’ for the next stage, with the path
distance value equal to the total path distance
that has been travelled,

7. Find the next route until it reaches the last
node at the location of the campus room. If
successful, then the shortest path to the final
node has been reached, and the route-finding
process is declared complete.

2.3. Research Data

In this research, the data used are the
names of rooms and facilities in Campus 2 of the
Faculty of Computer Science. In addition,
information about the rooms and facilities, as
well as information about the navigation route
starting from the main gate, were used as
reference points to various rooms on campus to
manually draw the Graph. The distance between
room locations was also obtained to process the
data in manually finding the shortest route, and
the coordinates of the room locations were used
to create location point markers in the campus
Metaverse system. Table 1 shows Location
Coordinates.

Node Latitude Longtitude
-6.97569 108.47727
-6.97580 108.47789
-6.97584 108.47785
-6.97592 108.47780
-6.97595 108.47778
-6.97599 108.47771
-6.97606 108.47768
-6.97609 108.47761
-6.97604 108.47767
-6.97600 108.47770
-6.97591 108.47780
-6.97583 108.47783
-6.97580 108.47788
-6.97575 108.47776

-6.97621 108.47746
-6.97614 108.47737
-6.97610 108.47731
-6.97606 108.47726
-6.97601 108.47720
-6.97569 108.47761
-6.97572 108.47756
-6.97573 108.47771
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24 X -6.97588 108.47749
25 Y -6.97594 108.47742
26 Z -6.97605 108.47747
27 AA -6.97609 108.47753
28 AB -6.97578 108.47751
29 AC -6.97560 108.47768
30 AD -6.97580 108.47744
31 AE -6.97574 108.47752
32 AF -6.97570 108.47755
33 AG -6.97567 108.47760
34 AH -6.97590 108.47740
35 Al -6.97596 108.47736
36 Al -6.97599 108.47732
37 AK -6.97565 108.47785
38 AL -6.97567 108.47745
39 AM -6.97547 108.47747
40 AN -6.97592 108.47756
41 AO -6.97604 108.47725
42 AP -6.97601 108.47722
43 AQ -6.97602 108.47774
44 AR -6.97615 108.47761
45 AS -6.97617 108.47758
46 AT -6.97616 108.47760
47 AU -6.97622 108.47749
48 AV -6.97609 108.47764
49 AW -6.97597 108.47720

Table I : Location Coordinates Table

Below is the pseudocode for Dijkstra’s
Algorithm.

Pseudocode : Djikstra Algorithm
Input:
A weighted graph G(V, E),
where V is the set of vertices and E is the
set of edges
A starting vertex source
Output:
Shortest distance from source to all other
vertices
1. Initialize:
For each vertex vin V:
distance[v] « o
distance from source to v
previous[v] «— null // Previous node
in optimal path
distance[source] «— 0  // Distance from
source to itself is 0
Q«V /I Set of all vertices
in the graph (unvisited set)
2. While Q is not empty:
u « vertex in Q with smallest distance[u]
Remove u from Q
For each neighbor v of u:
alt < distance[u] + weight(u, v)
If alt < distance[v]:
distance[v] « alt

// Unknown
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previous[v] «u
3. Return:
distance[]: shortest distance from source to
each vertex
previous[]: optimal path tree to
reconstruct paths

3. RESEARCH RESULTS

3.1 Proposed System

Analysis of the proposed system
describes the stages of how the proposed system
will function. The goal is to provide a detailed
description of how the Faculty of Computer
Science Metaverse VR Application works. This
proposed system can be seen in Figure 2.

Menampilkan Space
Metaverse Kampus

Calon Mahasiswa Baru

Figure 2. Proposed System

Based on Figure 2, the system from
Spatial.io will display the pre-built Metaverse
where users will access the Metaverse through
various devices. Access can be done through
mobile phones with a responsive interface,
laptops/PCs for a more detailed experience, and
also using Oculus devices for Virtual Reality
mode that provides a higher level of immersion.
When users have accessed the Spatial.io website
and searched for the Metaverse of the Faculty of
Computer Science Campus, the system will
direct users to a specially designed virtual
environment.

After successfully entering the Campus
Metaverse, users can use their avatars to interact
with the virtual environment and explore the
entire modelled campus area. Users can explore
various rooms such as Classrooms, Dean's
Room, Computer Laboratory, Library, and other
facilities that have been implemented in the
virtual environment. The implementation of
Dijkstra's Algorithm in the system will help users
find the shortest route from one location to
another, so that navigation in the Campus
Metaverse becomes more efficient and intuitive
for users, especially for new students or visitors
who are not familiar with the campus layout.
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3.2 Use Case Diagram

Use case diagram shows how the system
interacts with the surrounding environment. In
this use case diagram, users (Prospective New
Students) can communicate with the system
through various methods.

taverss

Figure 3. Use Case Diagram

Based on Figure 3, the system design
involves a  primary  actor—prospective
students—who interact directly with the Campus
Metaverse system through several key use cases.
The main use case is "Access Campus Metaverse
Website", which includes additional features via
the «includey» relationship, such as "Creator
Profile", "About Campus Metaverse", and
"Campus Metaverse Space."

The "Campus Metaverse Space" serves
as the core feature of the system, comprising
three main activities: "View Campus
Metaverse," "Explore Campus Metaverse," and
"Engage in Activities within the Metaverse."
These activities are directly linked to the main
use case and guide users to access a 3D virtual
environment hosted on the Spatial.io platform.
Within this space, users can visualize the campus
buildings in three dimensions.

Furthermore, the system offers an
exploration feature powered by the Dijkstra
algorithm, which helps users identify the shortest
path for navigation within the virtual campus.
This enhances the efficiency and clarity of
movement through the Metaverse. Users can also
engage in interactive activities, such as
simulations or object-based interactions within
the virtual environment.

4. DISCUSSION

The development and implementation
of a VR-based Metaverse system for campus
navigation have shown significant potential in
enhancing user interaction and improving the
promotional strategy of higher education
institutions. The system was specifically
designed for the Faculty of Computer Science at
Universitas Kuningan and aimed to offer a
virtual campus tour experience using 3D
modeling and the Dijkstra algorithm for shortest-
path navigation.
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4.1 System Design and User Experience

The integration of  Metaverse
technology via the Spatial.io platform allowed
for a realistic and immersive virtual
representation of Campus 2. Based on the system
evaluation, users responded positively to the 3D
visualization aspect, with buildings and spatial
layouts resembling the physical campus. This
confirms that the design approach successfully
met the goal of creating an interactive
promotional media that goes beyond static
content such as brochures and social media posts.

User feedback also indicated that the
experience was engaging and intuitive,
particularly in aspects of virtual exploration and
navigation. Although some technical limitations
were reported, such as slow loading times and
occasional lag, the core functionalities were
generally well-received.

Metaverse Universitas Kuningan Kampus 2

— -
Launching Spatial...

Metaverse Universitas Kuningan Kampus 2

Figure 4. Metaverse

Figure 4 shows the display of the
Metaverse Campus space when the user selects
the Enter Metaverse menu, it will go directly to
the space on the Spatial.io web page.

Figure 5. Metaverse View

This view displays the Campus
Metaverse by displaying the 3D building of
Campus 2 of Kuningan University with spaces
and also the interior and exterior of the campus.

4.2 Navigation Efficiency with Dijkstra
Algorithm

The application of the Dijkstra
algorithm proved to be effective in enhancing the
navigation  system  within  the  virtual
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environment. By calculating the shortest path
from the main gate to various destinations (e.g.,
classrooms, labs, administrative buildings), the
algorithm provided structured guidance that
helped reduce disorientation among users. The
implementation aligned well with previous
research, which supports the use of Dijkstra in
spatial search problems within simulation and
VR settings (Harahap & Khairina, 2017; Indriana
et al., 2023).

Users rated navigation clarity and
usability at 3.59 and 3.18, respectively,
suggesting that the algorithmic support was
beneficial in achieving efficient movement
across the virtual space. This also indicates that
algorithm-driven navigation can serve as an
important feature for enhancing virtual campus
systems, especially for prospective students
unfamiliar with the environment.

User feedback indicated that navigation
was effective, with directional clarity and
usability scored at 3.59 + 0.42 and 3.18 + 0.38,
respectively (n=30  respondents). The
distribution analysis showed that 73% of users
rated navigation clarity above 3.0, with 23%
providing excellent ratings (>4.0).

4.3 Comparison with Previous Studies

To contextualize the contribution of this
research, a systematic comparison with previous
metaverse implementations in educational
settings is necessary. This section specifically
examines the work of Duan et al. (2021), which
represents one of the most comprehensive
campus metaverse prototypes documented in
recent literature.

4.3.1 Overview of Compared Studies

Duan et al's CUHKSZ Metaverse
(2021): Duan et al. developed a blockchain-
driven metaverse prototype for The Chinese
University of Hong Kong, Shenzhen. Their
system was built on Unity game engine
integrated with FISCO-BCOS consortium
blockchain technology. The primary objectives
centered on creating a virtual social ecosystem
where students could interact, create user-
generated content, and participate in a token-
based economy. The system featured location-
based services using GPS tracking, allowing
students' physical presence on campus to
influence their virtual experience—for example,
earning tokens at higher rates when studying in
the university library.

This Study - Faculty of Computer
Science VR Metaverse (2025): This research
developed a VR-based metaverse application for
the Faculty of Computer Science at Universitas
Kuningan using the Spatial.io platform. The
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system serves dual purposes: as an interactive
promotional tool for prospective students and as
a campus navigation aid. The core distinguishing
feature is the integration of Dijkstra's algorithm
to compute optimal routes within the virtual
environment.

4.3.2 Key Differences in System Design and
Focus

Platform and Technology Architecture:
Duan et al. utilized Unity as their development
engine, which required custom programming and
substantial technical infrastructure. Their
blockchain implementation through FISCO-
BCOS demanded server setup, smart contract
deployment using Solidity, and ongoing
blockchain maintenance. This approach provided
deep customization capabilities but required
significant technical expertise and computational
resources.

In contrast, this research employs
Spatial.io, a ready-made metaverse platform that
operates through web browsers and supports
multiple devices without requiring extensive
backend infrastructure. The 3D campus models
were created using Blender and imported into
Spatial.io, while the Dijkstra algorithm was
implemented as a separate computational module
that interfaces with the platform. This approach
reduces technical complexity while maintaining
functional effectiveness.

Navigation Capabilities - The Critical
Distinction:

The most significant difference between
the two systems lies in their approach to user
navigation within the virtual environment:

Duan et al.'s Approach: Their system
employed location-based GPS tracking that
synchronized users' physical location with their
virtual avatar position. When students physically
moved around campus, their avatar would
correspondingly move in the metaverse. This
created an interesting connection between
physical and virtual worlds. However, this
approach has inherent limitations:

e It only functions when users are
physically present on campus

e It does not provide directional guidance
or route suggestions

e New visitors or prospective students
unfamiliar with campus layout receive
no navigational assistance

e  Users must explore manually or rely on
prior knowledge of campus geography

e The system visualizes the campus but
does not compute or recommend paths

This Study's Approach: This research
implements Dijkstra's algorithm for intelligent
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pathfinding, which fundamentally changes the
navigation paradigm:

e The algorithm actively computes the
shortest path between any two points in
the virtual campus

e Users can select a destination (e.g.,
Computer Laboratory, Dean's Office,
Classroom) and receive automated
route guidance

e The system calculates optimal paths
from the main gate to all major campus
facilities

e  FEach location is represented as a node
with coordinate data, and paths between
locations have weighted distances

e The algorithm processes this graph
structure to determine minimum-
distance routes

e  Visual indicators guide users along the
computed path, reducing disorientation
Practical Example of the Difference:

Consider a prospective student who wants to visit
the Computer Laboratory:

e In Duan et al's system: The student
would see the 3D campus and must
explore by moving their avatar around,
potentially getting lost or taking
inefficient routes

e In this system: The student selects
"Computer Laboratory" from a
destination menu, and the Dijkstra
algorithm immediately computes and
displays the shortest path from the main
gate, showing turn-by-turn guidance
through the virtual space

4.3.3 Functional Purpose and Target Users
Duan et al.'s System:

e  Primary Purpose: Social ecosystem for
current students

e Target Users: Enrolled students already
familiar with campus

e  Core Features: Social interaction, token
economy, user-generated content,
blockchain-based governance

e Use Case: Daily student engagement,
virtual events, campus community
building
This Study's System:

e  Primary Purpose: Promotional tool and
navigation aid

e  Target Users: Prospective students, new
students, visitors unfamiliar with

campus
e Core Features: Campus visualization,
algorithmic navigation, facility

information, VR immersion
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e Use Case: Campus tours, promotional
activities, orientation for new students
4.3.4 Navigation System Implementation Details
To further clarify the technical
distinction, the navigation implementations
differ as follows:
Duan et al.'s Location-Based System:
e  Uses smartphone GPS sensors to detect
physical location
e  Maps real-world coordinates to virtual
world coordinates
e Avatar position updates automatically
based on GPS data
e No pathfinding computation or route
recommendation
e Navigation is passive (follows user
movement) rather than active (guides
user movement)
This Study's Dijkstra Algorithm Implementation:
e  Pre-defines 49 nodes representing key
campus locations (see Table I with
coordinates)
e Calculates distances between connected
nodes as edge weights
e When user selects destination,
algorithm computes shortest path using
iterative distance minimization
e Result is a sequence of nodes
representing optimal route
e System visualizes this path with
directional indicators in the 3D
environment
e Navigation is active (system guides
user) rather than passive
4.3.5 Complementary Strengths
It is important to note that both systems possess
complementary strengths:
Strengths of Duan et al.'s approach:
e Rich social interaction features
e Blockchain-based  economy and
governance
e Strong community
mechanisms
e Seamless  physical-virtual  world
connection for enrolled students
Strengths of this study's approach:
e  Efficient navigation for unfamiliar users
e Lower technical barrier for
implementation
e Clear promotional and informational
value
e Algorithmic route optimization with
measurable efficiency
4.3.6 Research Contribution Positioning
This comparative analysis reveals that
while Duan et al. advanced the state of campus
metaverse development by demonstrating

engagement
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comprehensive social ecosystem creation, their
work did not address the specific challenge of
navigation assistance for users unfamiliar with
campus layout. This research fills that gap by
proving that metaverse applications can integrate
intelligent pathfinding algorithms to serve
practical navigational and promotional purposes.

The contribution of this study is not
merely the creation of another campus
metaverse, but specifically the integration of
algorithmic navigation (Dijkstra) into a VR
metaverse environment to solve the real-world
problem of campus orientation for prospective
and new students. This represents a functional
advancement beyond pure visualization or social
interaction, demonstrating that metaverse
technology can serve practical, goal-oriented
purposes in educational promotion and student
services.

Future research could combine both
approaches: building socially-rich campus
metaverse environments (as demonstrated by
Duan et al.) enhanced with intelligent navigation
systems (as demonstrated in this study) to create
comprehensive virtual campus platforms that are
simultaneously  engaging, functional, and
accessible.

4.4 Educational and Promotional Impact

The system not only achieved technical
feasibility but also showed promise in terms of
its educational and promotional objectives.
Many users expressed interest in reusing the
system and even recommended it to others, with
an average satisfaction score of 3.76. This
implies that immersive virtual experiences have
the potential to increase user engagement and
institutional appeal.

Furthermore, the system could serve as
a foundation for future learning tools or virtual
campus events, especially in hybrid or distance
learning contexts. By integrating interactive
simulations, informational content, and real-time
navigation, the Metaverse system expands the
possibilities for how educational institutions
communicate their identity and values

5. CONCLUSION

Based on  the results and
implementation of this research, several key
conclusions can be drawn:

1. This study successfully designed and
developed a Virtual Reality (VR)-based
Metaverse application that represents the
environment of the Faculty of Computer
Science at Universitas Kuningan. The
application functions as both an interactive
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promotional tool and a digital campus
navigation system.

The integration of the Dijkstra algorithm
effectively supports the navigation feature,
enabling users to identify the shortest path
from the main gate to various campus
locations. This contributes to an intuitive
and informative virtual exploration
experience.

Testing using the black-box method
confirmed that the core functionalities
including navigation, object interaction, 3D
visualization, and system performance
across devices (PC and VR headsets)
operated as expected.

The immersive campus visualization and
guided navigation features enhanced the
application’s promotional appeal,
increasing prospective students’ interest
and offering a clearer understanding of the
campus layout.

This implementation demonstrates the
potential of combining VR and Metaverse
technologies with intelligent path-finding
algorithms to improve both educational and
promotional  engagement in  higher
education environments.

6. SUGGESTIONS

Based on the results of this research, the

following suggestions are proposed for future
development and improvement of the system:

1.

(1]

The application can be further enhanced by
integrating social interaction features
among users within the Metaverse
environment. This would enrich the user
experience and align more closely with the
true concept of a fully immersive
Metaverse.

Integration with the university’s academic
information system is recommended so that
the application serves not only as a
promotional tool, but also as a functional
platform for academic purposes such as
new student orientation, classroom
mapping, and lecture scheduling.

System  performance  still  requires
improvement, particularly for mass-scale
usage. Therefore, future testing with a
larger number of simultaneous users is
essential to evaluate the system’s overall
stability and responsiveness.
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Abstract
At short range, Location Determination Using Wireless Signals is considered a quite challenging problem.
This paper discusses Location Determination Using Wireless Signals at short range with a Polynomial
approach. The combination of retained independent effect of each component measure from Polynomial
Regression and positioning in wireless fingerprinting produces a Polynomial that can provide good results
for Location Determination Using Wireless Signals at short range. The measurement was conducted at
Samas Beach Road, Yogyakarta, within a 0—100-meter range divided into 11 measurement points spaced
every 10 meters. Validation results indicated that the third-order polynomial regression achieved a
determination coefficient (R?) of 0.9982, confirming its high accuracy in representing the measured signal

strength variations at short range.
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1. INTRODUCTION

Broadband Wireless Access (BWA) is a
high-speed data access technology with wireless
media. A number of services that are developing
using BWA bands include broadband internet
access, VoIP, video streaming and other digital
applications. BWA is divided into two
categories, namely fixed BWA and mobile
BWA. Several BWA device industries have
joined in promoting the technology standards
they have developed to become standards
adopted worldwide. BWA technology is divided
into three, namely mobile telecommunication
system-based technology (GSM, CDMA), data
communication-based  technology  (WiFi,
WiMAX) and non-terrestrial-based technology
(VSAT, DVB). WiFi is a technology that uses
non-exclusive or free BWA frequencies. Non-
exclusive BWA frequencies, namely 2.4 GHz,
5.2 GHz, 5.8 GHz. WiFi is also known as
Wireless Local Area Network (WLAN).
Wireless technology that works on non-exclusive
BWA bands, such as 802.11b/g/n WLAN
devices, has advantages in terms of economy, but
from a technological perspective has limitations.
This technology is intended for Industrial,
Scientific and Medical (ISM) activities.

In 2021, Linear with polynomial
regression: Overview was studied by Patil et al.
[1]. In addition, in 2021, a study entitled
“Towards a Mathematical Framework to Inform
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Neural Network Modeling via Polynomial
Regression” was conducted by Morala et al. [2].
Subsequently, in 2023, Shi et al. [3] discussed a
study entitled “Ensemble Regression Based on
Polynomial Regression-Based Decision Tree and
Its Application in the In-situ Data of Tunnel
Boring Machine.” Furthermore, in 2023, Yao et
al. [4] conducted a study titled “Toward a
Holistic Perspective of Congruence Research
with the Polynomial Regression Model.” Finally,
in 2025, Mediation testing with polynomial
regression: A critical review of extant
approaches and a researcher's toolkit for the
future was studied by Fu et al. [5].

In 2015, Xu et al. [6] investigated
“Device Fingerprinting in Wireless Networks:
Challenges and Opportunities.” Additionally, in
2017, Khalajmehrabadi et al. [7] conducted a
study titled “Modern WLAN Fingerprinting
Indoor Positioning Methods and Deployment
Challenges.” Furthermore, in 2018, Hidayat et al.
[8] proposed “Regression Analysis for Estimated
Distance in Fingerprinting-Based WLAN
Outdoor Localization System.” Finally, in 2019,
Hidayat et al. [9] discussed a study entitled
“Analysis of Accuracy and Precision of WLAN
Position Estimation System Based on RSS.”

In 2021, Zhang et al. [10] discussed a
study titled “Design Methodology of Free-
Positioning Nonoverlapping Wireless Charging
for Consumer Electronics Based on Antiparallel
Windings.” In addition, in 2021, Xianjia et al.

11


http://u.lipi.go.id/1180426802
http://u.lipi.go.id/1513576278
https://sinta.kemdikbud.go.id/journals/?q=NUANSA%20INFORMATIKA
mailto:*1xxxx@xxxx.xxx
mailto:*1xxxx@xxxx.xxx
mailto:2xxxx@xxxx.xxx
https://doi.org/10.25134/ilkom.v20i1.509

NUANSA INFORMATIKA
Volume 20 Number 1 Januari 2026

[11] reviewed “Applications of UWB Networks
and Positioning to Autonomous Robots and
Industrial Systems.” Subsequently, in 2022,
Koelemeij et al. [12] discussed “A Hybrid
Optical-Wireless Network for Decimetre-Level
Terrestrial Positioning.” Furthermore, in 2022,
Hong et al. [13] examined “Self-Powered
Seesaw Structured Spherical Buoys Based on a
Hybrid Triboelectric Electromagnetic
Nanogenerator for Sea Surface Wireless
Positioning.” Finally, in 2024, Scavino et al. [14]
investigated “Enhancing Indoor Positioning
Accuracy with WLAN and WSN: A QPSO
Hybrid Algorithm with Surface Tessellation.”

Most previous studies have focused on
theoretical aspects, long-range environments, or
other application domains such as robotics,
psychology, and industrial systems. Only a few
have investigated the application of polynomial
regression for wireless signal-based positioning,
particularly in short-range areas. Therefore, this
study aims to evaluate the accuracy of
polynomial regression in estimating the position
coordinates of an outdoor WLAN access point at
short range using a single received signal
strength (RSS) value.

2. METHOD

2.1. Transmit Power

Transmit power is the magnitude of the
signal output produced by a transmitting device.
Transmit power is expressed in Watts (W) or
deciBelWatts (ABW).

The power equation is shown in
Equation 2.1.

P (Watt) =V (volt) x I (amp) (2.1)
Where:
P = transmit power (Watt)
V = voltage (Volt)

I = current (Ampere)

The equations for converting watts to dBm are
shown in equation 2.2 and equation 2.3.

P (dbW) = 10Log P/(1 Watt)  (2.2)

P 2.3
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Where:

P(dBW): power in deciBelWatts (dBW)
P: power in watt (W)

1 mWatt: standard reference of 0.001 W

The equation for converting dBm to watts is
shown in equation 2.4.

1

0 P (dBm) (2.4)
P (Watt) = 10

1000

Where:
P: power in watt (W)
P(dBm): power in deciBelmilliWatt (dBm)

dB (decibel) is a unit of ratio or difference in the
strength of a signal emitted from a transmitter.
The unit dBm (deciBelmilliWatt) is a unit of
magnitude of the strength of a signal transmitted.

Log or logarithm is the inverse of
exponent or power. Logarithma number with a
cardinal number (written ) is the exponent of the
power number that results when raised to the
power of that exponent. Logarithmic notation is
shown in equation 2.5. xaa)ogxxa

Aogx = M, (2.5)

Where :

a = cardinal number

x = logarithmic number with x > 0

n = algorithm result or exponent of base essence
Fora>0;a#1andx>0

Antilog is the inverse operation of
logarithm to exponent or power. Equation 2.5
can be inverted to exponent to get Equation 2.6.

2.2. Wireless Fingerprinting

Wireless fingerprinting is a position
localization method that involves two stages
[15]: the offline stage and the online stage.
Offline phase is the phase of collecting data
values that serve as references for the final goal
of wireless fingerprinting. Online phase is the
implementation phase in the field which includes
data processing to find a value y based on input
data x. The general method of wireless
fingerprinting is shown in Figure 1.
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Figure 1. Wireless Fingerprinting Image

This wireless fingerprinting method is
widely used in wireless localization systems. The
implementation differences, when viewed from
the offline phase, are in the data captured during
wireless fingerprinting and the database storage
system. The online phase is the processing
system or algorithm and the search value.

2.3. Polynomial Regression

y = Bsx®+ Box* + Bix + By (2.6)

Where:

y = Estimated received signal strength (RSS) or
predicted power value (in dBm)

B1, B2, B3 = Regression coefficients that determine
the shape and curvature of the polynomial curve
Bo = Intercept (constant term) of the polynomial
regression equation

The highest power in polynomial regression
indicates the order or degree of the polynomial.
y = 0,025x3 + 1,69x2 + 27,42x (2.7)
+127,5
At the final stage of polynomial regression,
the entire research process is summarized in
Figure 2. The diagram illustrates the complete
workflow of the study, covering stages from data
collection and transmit power calculation to the
wireless fingerprinting process and regression
modeling. Model validation is carried out using
the coefficient of determination (R?) to ensure
that the polynomial regression accurately
represents the relationship between Received
Signal Strength (RSS) and distance.
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Figure 2. Workflow Diagram for Location
Determination Using Wireless Signals

3. RESULTS

The experimental area has a low
attenuation level and is located near the coast.
The results of determining the coordinates of
measurement points within the 0-100-meter
range in the measurement area are shown in
Table 1 and displayed in Figure 3.
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Q
Q
9
Figure 3. Site survey range 0 — 100 meters measurement areaan
Table 1 Coordinates of measurement points in the range 0 — 100 meters, area 1
Area 1
Distance 0 — 100 meters
Location Samas Beach Road, Yogyakarta
No Coordinate
Lat.° Lon.°
A1-100 -7.998882 110.264161
A1-90 -7.998904 110.264249
A1-80 -7.998927 110.264338
A1-70 -7.998948 110.264426
A1-60 -7.998871 110.264514
A1-50 -7.998993 110.264601
A1-40 -7.999015 110.264689
A1-30 -7.999037 110.264777
A1-20 -7.999059 110.264865
A1-10 -7.999081 110.264953
A1-0 -7.999103 110.265040
The site survey for wireless fingerprinting, meters, was divided into 11 measurement points,
covering a measurement range of 0 to 100 each spaced 10 meters apart.

Table 2. Wireless fingerprinting analysis results range 0-100 meters

No D.ear RSS nean-a1 Stand. Deviation Stand. Error
(dBm) 05D 44 OSE a1
A1-100 100 -24.63 0.49 0.05
A1-90 90 -23.82 0.39 0.04
A1-80 80 -22.64 0.48 0.05
A1-70 70 -21.58 0.50 0.05
A1-60 60 -20.72 0.45 0.05
A1-50 50 -19.55 0.50 0.05
Al1-40 40 -18.79 0.50 0.05
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A1-30 30 -17.42 0.89 0.09

A1-20 20 -16.49 0.50 0.05

Al-10 10 -14.29 0.56 0.06

Al-0 0.01 -12.91 0.49 0.05
Table 2 shows that the SD and SE of each indicating that the third-order polynomial
measurement point have values smaller than the regression can represent the nonlinear

average RSSmean. Therefore, it can be
concluded that the average RSSmean value can
be a representation of the overall wireless
fingerprinting measurement results in the range
of 0-100 meters.

The resulting regression model has a
coefficient of determination (R* = 0.9982),

relationship between Received Signal Strength
(RSS) and distance with a very high level of
accuracy. The R? value, which is close to 1,
demonstrates that the model can explain almost
all variations in the measurement data, thereby
producing highly accurate position coordinate
estimates in short-range wireless environments.
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Figure 4. Regression graph of 0-100 meter range area 1

Based on the regression patterns of the six
regression models shown in Figure 4, it can be
concluded that the accurate regression pattern for
wireless fingerprinting in the 0-100 meter
measurement area range is 3rd order polynomial
regression with an R2 value of 0.9982.

4. CONCLUSION

Based on the results of field research
and discussion, several conclusions can be stated
as follows: the accurate regression pattern for
wireless fingerprinting in the range of 0 — 100
meters of the measurement area is third-order

Terakreditasi SINTA 5

polynomial regression which obtains a fairly
high R2 accuracy of 99.82%.

Nevertheless, this study has several
limitations. The measurements were conducted
in a single outdoor area with relatively stable
environmental conditions and a limited distance
range of 0-100 meters. These conditions may
restrict the generalizability of the research
findings when applied to different environments
or distance ranges. For future studies, it is
suggested to broaden the measurement area to
encompass various environmental conditions
and to investigate the integration of polynomial
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regression with optimization algorithms or
neural networks to improve the accuracy of
wireless positioning systems.
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Abstract

The management of official vehicles has historically relied on fragmented manual processes leading to
inefficiencies, data inaccuracy, lack of transparency, and weak governance oversight. To address these
challenges, this study designed and implemented Sikendi (Sistem Informasi Kendaraan Dinas), a web-based
vehicle information system aimed at enhancing transparency and administrative governance. Using the
System Development Life Cycle (SDLC) Waterfall approach, the system was developed with PHP, MySQOL,
JavaScript, and AJAX, featuring role-based access (Admin/User), integrated modules for vehicle
registration, borrowing workflow with approval mechanisms, maintenance scheduling, fuel logging,
document management, and activity auditing. Black-box testing confirmed functional compliance across
24 test cases for Admin and 15 for User roles. Results show the system significantly improves data accuracy,
operational efficiency, and accountability, enabling real-time monitoring, automated reporting, and digital
audit trails. This work demonstrates that digitizing fleet management in public sector institutions
strengthens governance, reduces misuse risk, and supports data-driven decision-making, offering a
replicable model for other governmental units.
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1. INTRODUCTION determining the real-time availability of a vehicle
for urgent technical deployment becomes time-
consuming, and the lack of a centralized tracking
system increases the risk of asset misuse. The
urgency of this research lies in the critical need
to align internal logistics governance with the
unit's technological standards, ensuring that
administrative delays do not hinder operational
support duties.

The reliance on manual paper-based
correspondence for borrowing approvals further
exacerbates the issue, hindering the workflow
and lacking the necessary transparency for
auditing state-owned assets. Without a digitized
system, leadership lacks data-driven insights into
vehicle utilization and maintenance costs,
leading to potential budget inefficiencies and
reduced fleet readiness. Therefore, modernizing
this sector is not merely an administrative
upgrade but a strategic necessity to ensure
accountability and responsiveness.

Previous research has widely discussed
digitalization in fleet management. Studies
suggest that implementing computerized asset
management  systems  minimizes  data
redundancy and accelerates reporting cycles.
Other research highlights that web-based
applications with centralized databases are
highly effective for real-time asset monitoring.
However, limited studies focus on the specific

In the current era of digital
transformation, the integration of information
technology is essential for enhancing the
operational effectiveness of defense and security
organizations. The Indonesian National Armed
Forces (TNI) is committed to strengthening
institutional ~ governance  through system
modernization to support its primary duties.
Specifically, the Center for Information and Data
Processing of the TNI (Pusinfolahta TNI) holds
a strategic role in managing information systems
and data processing to support both
administrative and operational functions of the
TNI Headquarters. To maintain optimal
readiness, this unit relies heavily on the mobility
of its personnel and the efficient distribution of
logistics, which is facilitated by a fleet of official
vehicles.

However, despite Pusinfolahta TNI's
core function as a technology enabler, the
internal management of its official vehicles
remains largely conventional and inefficient.
Preliminary observations at Pusinfolahta TNI
indicate that the recording of wvehicle
specifications, borrowing schedules, and
maintenance history is still conducted manually
using physical logbooks and fragmented
spreadsheets. This legacy approach creates
significant operational bottlenecks. For instance,
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context of military administrative units, which
require strict authorization hierarchies and
rigorous accountability. This study addresses this
gap by designing Sikendi (Official Vehicle
Information System), a web-based application
tailored to the specific operational needs of
Pusinfolahta TNI.

Specifically, the Center for Information
and Data Processing of the TNI (Pusinfolahta
TNI) holds a strategic role in managing
information  systems to  support the
administrative and operational functions of the
TNI Headquarters. Ideally, as a technology-
driven unit, internal operations should reflect
high standards of digital governance. However,
preliminary observations indicate a significant
gap: the management of official vehicles—a
critical asset for personnel mobility and logistics
still relies on fragmented manual processes such
as physical logbooks and spreadsheets.

The urgency of this research lies in
addressing this operational bottleneck. The
current legacy approach results in data
inconsistency and delays in vehicle allocation,
which directly hinders the unit's responsiveness.
Furthermore, the lack of a centralized digital
tracking system creates a vulnerability in
auditing state-owned assets (Barang Milik
Negara), increasing the risk of misuse.
Therefore, modernizing this sector is not merely
an administrative upgrade but a strategic
necessity to ensure accountability, auditability,
and operational readiness within Pusinfolahta
TNL

By utilizing PHP and MySQL, Sikendi
integrates vehicle registration, digital borrowing
workflows, and automated maintenance
scheduling. This system aims to transform the
vehicle administration at Pusinfolahta TNI from
a reactive, manual process into a proactive,
transparent, and data-driven mechanism, thereby
directly supporting the unit's operational
effectiveness and strengthening the governance
of state assets.

2. RESEARCH METHOD

To achieve the research objectives, this
study adopts the System Development Life Cycle
(SDLC) approach using a modified Waterfall
model. While the standard Waterfall model
typically consists of six stages, this research
focuses on four core phases: Requirement
Analysis, System Design, Implementation, and
Testing.
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The stages of Deployment and
Maintenance were excluded from the scope of
this study due to the time constraints of the On-
Job Training (OJT) period and the research
focus, which is centered on the prototyping and
functional validation of the system rather than
long-term lifecycle management.[3].

Requirement
Analysis Waterfall Model

Implementation

Figure 1. Waterfall Method

The development process consists of
the following phases:

1. Requirement Analysis

The initial phase focused on defining
the software specifications required to solve the
identified operational problems. Data elicitation
was conducted through observations of the
manual workflow and in-depth interviews with
key stakeholders, specifically the Head of
Administration and the Head of Information
Systems.

The analysis phase produced a detailed
Software Requirement Specification (SRS)
document, which categorized the system needs
into two core components:

a. Functional Requirements: The system must
be capable of managing vehicle master data
(CRUD), automating the borrowing
workflow with a digital approval hierarchy,
recording maintenance history = with
automated alerts, and generating real-time
utilization reports.

b. Non-Functional Requirements: The system
requires a web-based architecture for
accessibility within the local intranet, role-
based access control (RBAC) to separate
Admin and User privileges, and a user-
friendly interface to ensure adoption by non-
technical staff.
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These defined requirements served as
the foundational blueprint for the subsequent
System Design phase, ensuring the proposed
solution directly addressed the issues of data
redundancy and lack of transparency found in the
legacy manual process.

2. System Design

Following the requirement analysis, the
system architecture was designed to translate the
user needs into a technical blueprint. This phase
utilized Unified Modeling Language (UML)
diagrams to visualize the system structure and
behavior[4].

Use Case Diagrams were created to
define actor roles (Admin and User) and their
interactions with the system, such as managing
vehicles, approving requests, and logging
activities. Activity Diagrams and Sequence
Diagrams were developed to detail the logic flow
for critical processes like login authentication,
borrowing requests, and report generation[5].
Class Diagrams and Database Design were
constructed to structure the relational database
using MySQL, defining entities such as Users,
Vehicles, Maintenance Records, and Fuel Logs.

3. Implementation (Coding)

In this phase, the design specifications
were transformed into a functional web-based
application. The development environment
utilized XAMPP as the local server, with Visual
Studio Code serving as the primary text editor[6].
Back-end Development: The server-side logic
was built using the PHP programming language,
ensuring robust data processing and secure
interaction with the database. Front-end
Development: The user interface was developed
using HTML, CSS, and JavaScript to create a
responsive and intuitive experience for users.
AJAX (Asynchronous JavaScript and XML) was
implemented to enable seamless data updates
without requiring full page reloads. Database:
MySQL was employed as the Relational
Database Management System (RDBMS) to
store and retrieve high volumes of operational
data efficiently.

4. Testing

The final phase of development
involved rigorous testing to ensure the system
met the specified requirements and was free of
critical errors[7]. The testing methodology used
was Black Box Testing, which focuses on the

Terakreditasi SINTA 5

p-ISSN :1858-3911 , e-ISSN : 2614-5405
https://journal.fkom.uniku.ac.id/ilkom

functional output of the application without
examining the internal code structure. Testing
was conducted on both Admin and User
modules, covering scenarios. The test results
confirmed that the system functionality aligns
with the design specifications, handling both
valid and invalid inputs appropriately as detailed
in the test cases[8].

3. RESEARCH RESULTS

This section outlines the results of the
system development, starting from the modeling
of system processes using Unified Modeling
Language (UML), followed by the user interface
implementation, and concluding with system
testing and comparison[9].

3.1 Use Case Diagram

A use case diagram is a graphical
representation that illustrates the interaction
between actors and the system, defining the
functional requirements of the application.
Through this diagram, the functions available
within the Sikendi system can be identified
clearly[10].
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Figure 3. Use Case User
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As shown in the diagrams above, the
system involves two primary actors: the Admin
and the User. Admin once logged in, the admin
has full privileges to manage master data
(vehicles and users), approve or reject borrowing
requests, manage maintenance schedules, and
monitor vehicle usage history and fuel logs .

The user role is designed for personnel
who need to utilize the wvehicles. Their
capabilities include viewing the list of available
vehicles, submitting borrowing requests, and
inputting fuel usage logs (Log BBM) for the
vehicles they are using[11].

3.2 Activity Diagrams

Activity  diagrams represent the
workflow of specific processes within the
system. This section details the core activities for
both Admin and User roles[12].

Activity Diagram for Admin Login The login

Admin Login
Admin Sistem Database

Menampilkan
laman login

Membuka
laman login

Input username
dan password
admin

Menampilkan
laman dashboard
admin

Figure 4. Activity Diagram for Admin Login

Activity Diagram for Admin Login The
login process ensures secure access to the
system. The flow begins with the admin
accessing the login page and entering valid
credentials. The system validates the data against
the user_account table in the database. If valid,
the admin is redirected to the dashboard;
otherwise, an error message is displayed.
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Activity Diagram for Managing Borrowing
Requests (Admin)

Admin Menyetujui dan Monitoring Peminjaman
Admin Sistem Database

Menampilkan
laman
eminjaman

admin menyetujui Tidak
atau menolak
peminjaman i
> ‘alidas

data

Ya

Menampilkan
laman Monitorning

eminjaman

Figure 5. Activity Diagram for Managing
Borrowing Requests (Admin)

This activity illustrates the admin's role
in processing loan applications. The admin
reviews incoming requests that are in "Waiting"
status. The admin can then decide to either
Approve or Reject the request. If approved, the
system updates the vehicle status to "Booked" or
"In Use" to prevent double booking.

Activity Diagram for Creating a Borrowing
Request (User)

User Membuat Peminjaman
User sistem Database

Memouka
laman List
kendaraan

Memilin kendaraan
yang tersedia untuk [|

Menamgilkan
Form input data
peminjaman

Menampilkan laman
S|

terjadwal

Figure 6. Activity Diagram for Creating a
Borrowing Request (User)

This diagram shows the flow when a
user applies for a vehicle. The user views the list
of vehicles, selects an available unit, and fills in
the borrowing form (dates and purpose). The
system validates availability before saving the
request with a "Pending" status.

3.3 Interface Display

This section presents the
implementation of the user interface (UI)
designed to be user-friendly and responsive.
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Login Interface Displa

SI-KENDI

Figure 7. Login Interface Display
The login page serves as the gateway to
the system. It requires users to input their
username and password. This page is essential
for maintaining security and ensuring that access
rights correspond to the user's role (Admin or
User)[13].

Admin Dashboard Display

Figure 8. Admin Dashboard Display

The dashboard provides a
comprehensive overview of the system's status.
It displays key statistics such as the total number
of vehicles, active loans, maintenance alerts, and
recent user activities. This centralized view aids
the leadership in monitoring operational
readiness.

Borrowing Approval Interface Display

@ e
o -
o._: |o» 0. |o'-.‘

Figure 9. Borrowing Approval Interface Display

This interface allows the admin to
manage incoming vehicle requests. It lists the
details of the applicant, the selected vehicle, and
the intended duration. The admin can execute
approvals or rejections directly from this page,
streamlining the administrative workflow[14].

User Vehicle List Interface
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Figure 10. User Vehicle List Interface

For users, this interface acts as a catalog
of official vehicles. It displays vital information
such as vehicle type, condition, and current
availability status (Available/In Use), enabling
users to make informed decisions before
submitting a request.

3.4 Testing

System testing was conducted using the
Black Box Testing method to ensure that all
functional requirements were met without
examining the internal code structure. The
testing covered various scenarios for both Admin
and User module[15].

Table 1. Testing Admin

Test Case Expected
Module DeSCII;lptIO Result

Input Login

correct successful;

Username | redirected to

and Admin

Password. Dashboard.

Input Login failed;

wrong error message

Username, | displayed.

correct

Password.

Input Login failed;
Login correct error message

Username, | displayed.

wrong

Password.

Leave one | Login failed;

or both warning

fields message

empty. displayed.

Access Redirected back

Dashboard | to Login page.

URL

without

session.
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Select Status changes
'Waiting' to 'Approved';
request and | success
click notification
Approve. appears.
Select Status changes
Loan 'Waiting' to 'Rejected';
Approval | request and | success
click notification
Reject. appears.
Apply filter | Table displays
for only requests
'Waiting' with 'Waiting'
status. status.
Filter by Displays history
Start and only within the
End date. selected date
- range.
Monitorin Verify data | Data includes
g with Borrower,
'Ongoing' Vehicle, and
status. Approver
details.
Input New user saved;
unique data | list updated.
(NRP/NIP)
and Save.
Change Changes saved
user details | to database.
User (e.g.,
Mgmt Position)
and
Update.
Select user | Password resets
and use to default;
Reset notification
function. appears.
Input all Data saved; list
valid updated.
vehicle
details.
Input Data rejected;
existing validation
Registratio | warning
n Number. | appears.
Update Changes saved
Vehicle vehicle to database; list
Data details updated.
(e.g.
Color).
Select Data removed
vehicle and | from database.
confirm
deletion.
Search by | Displays only
Registratio | the matching
n Number. | vehicle.

Input Document
Document | saved; status
Type and (Active/Expiring
Expiry ) displayed.
Date.
Other Elput. Ill).a‘;a save(zl, o
Modules epair istory updated.
Date, Type,
and Cost.
Click User activity file
Export downloaded in
CSV CSV format.
button.
Table 2. Testing User
Test Case Expected
Module Description Result
Login
Input correct successful;
Username and | redirected to
Password. User
Dashboard.
Login failed;
Login Input wrong error
Username or message
Password. displayed.
Leave Login failed;
Username or warning
Password message
empty. displayed.
Select
'Available' Data saved;
vehicle and fill | status set to
form 'Pending
(dates/purpose) | Approval'.
Request
Vehicle Request rejected;
List vehicle on error
dates when it is | message
'In Use'. regarding
availability.
Apply filter by | Displays
Vehicle Type only vehicles
(e.g., 4- matching the
Wheels). filter.
View details of SFatus
an active loan displayed as
" | 'ONGOING'.
Loan
Status View details of SFatus
a loan rejected ,(i{%))l;}ée?;ls),
by Admin.
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Input valid Fuel log
Date, Liters, saved;

Cost, and database
Odometer. updated.
Input non- Data
puth rejected;
numeric format

My characters in validation

Vehicle Odometer
field error

) displayed.

Access page Vehicle

/0SS bag status
during an .
active loan displayed as

eriod 'In Use'/'On

P ) Trip'.
Access 'My Lls.t of

. assigned
Assignment

, letters

Document | Letters'. .

s displayed.
Click PDF Assignment
button on a downloaded
specific letter. | as PDF file.

Displays
Access summary of

History "Vehicle past vehicle
History' page. | usage and

dates.

3.5 Comparison

To evaluate the effectiveness of the
developed system, a comparison was made
between the previous manual management
system and the new web-based Sikendi system.

Table 3. Comparison

p-ISSN :1858-3911, e-ISSN : 2614-5405
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Compari Current Sikendi
I ?&s p:c ¢ 3¢ | Manual Web-Based
P System System
Performed Performed
manually in | digitally and
Data physical centralized
Recording logbooks or | within a
simple single web
spreadsheets. | platform.
Fragmented .
and difficule | Rapid access
to access; viaan
Data Access retrievin ’ intuitive web
& Updates Srieving interface with
historical .
L real-time data
data is time-
. updates.
consuming.
. Manual Automated
Borrowing .. .
administratio | workflow
Process . .
nrelying on | featuring
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physical online
application submission
letters. and digital
approval.
No clear
digital trail; Creates a
difficult to comprehensiv
Usage track users, e digital audit
Tracking specific trail for every
purposes, borrowing
and usage transaction.
periods.
Eoui
Recorded qulpped
with
manually
. . automated
Maintenanc | with no
schedules and
e automated .
. reminders for
Manageme | reminder . .
service, oil
nt system for
. changes, and
service
document
schedules.
renewals.
Generates
Reports are comprehensiv
. e automated
simple,
reports
.. unstructured,
Decision . (tables and
and require
Support L charts)
significant reardin
time to & &
compile unit usage
‘ and
maintenance.

The comparison highlights significant
improvements. The web-based system replaces
fragmented manual recording with a centralized
database, offers real-time access to data, and
transforms the borrowing process from a slow
paper-based mechanism to a transparent digital
workflow. Additionally, the new system
provides automated reporting and maintenance
scheduling, which were absent in the previous
manual process.

4. CONCLUSION

A. Conclusion Based on the analysis,
design, and implementation of the Sikendi web-
based application for the management of official
vehicles at Pusinfolahta TNI, the following
conclusions can be drawn:

1. The vehicle administration process, which
previously relied on manual recording and
fragmented  spreadsheets, has  been
successfully modernized through the
implementation of a web-based system. This
transformation significantly increases data
accuracy and administrative efficiency by
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centralizing all asset information into a single
database.

The system provides a robust mechanism for
transparency and governance. By digitizing
the borrowing workflow and providing
statistical reports on vehicle usage and
maintenance, the system minimizes the
potential for misuse and supports strategic
decision-making  regarding  operational
readiness and resource allocation .

B. Recommendations During the

development and implementation of the system
at Pusinfolahta TNI, several recommendations
have been identified to further enhance the
system's capability and scope in future research:

1.

(1]

(3]

The current system operates on a web-based
platform. It is recommended that future
development includes the creation of a
mobile version (Android/iOS). This would
enhance flexibility and accessibility,
allowing users and administrators to track
vehicle status and input fuel logs (Log
BBM) from any location, particularly during
field operations .

Future iterations should incorporate real-
time notification features (via email or push
notifications). This would streamline
communication by instantly alerting users
about loan approvals and notifying
administrators about upcoming document
expirations or overdue maintenance
schedules .

It is recommended to expand the analytical
modules to include Total Cost of Ownership
(TCO) analysis. By integrating data from
maintenance history and fuel logs, the
system could automatically calculate
operational costs per unit, thereby assisting
leadership in planning asset regeneration or
upgrades .
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Abstract

Information technology plays a crucial role in supporting all campus activities, including student
organizations, which serve as a forum for developing leadership, interests, and talents. One of the main
activities of this organization is the election of the Student Executive Board (BEM) chairman. However,
elections are still conducted manually using paper ballots, which is time-consuming, inefficient, and prone
to fraud. This research aims to design an e-Voting system based on OR Code technology using the Dynamic
System Development Method (DSDM) as a system design solution that can ensure compliance with needs
and changes during the development process. In this study, the resulting e-Voting system was analyzed
using the ISO 9241-11 standard. Parameters measured in the ISO 9241-11 standard include effectiveness,
efficiency, and user satisfaction. The results of the analysis show that the e-Voting system achieved 95%
effectiveness, 94% efficiency and user satisfaction got a score of 73 as measured based on the System
Usability Scale (SUS) included in the category above the eligibility standard, namely 68, so that the score
of 73 got an adjective scale as Good, with a grade B, at the Acceptable level and included in the Passive
category on the NPS scale. This study shows that the QR Code-based e-Voting system can be a reliable,
efficient alternative and increase transparency and a satisfying experience for voters in the BEM chairman
election process.

Keyword: e-Voting, QR-code, Dynamic System Development Method (DSDM).
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Various problems encountered in an
election process, including the election of the
Student Executive Board (BEM) president, can be
overcome by using Electronic Voting (e-Voting)
important role in supporting all aspects of [4] with'the' support of increasingly widespread
activities in the campus environment, but not all communication netw.ork. technology and more
aspects of these activities can be fully affordable communication costs [5]. This
accommodated by technological developments implementation allows for a faster, more efficient,
including student organization activities [1][2]. and more accurate voting process [6]. Likewise,

1. INTRODUCTION

The development of information
technology in the world of education plays a very

Student organizations are a forum for students to
learn, develop interests and talents as well as
leadership skills, one of the activities of student
organizations is the election of the chairman of
the Student Executive Board (BEM) [3].

The process of electing the BEM
chairman until now still uses conventional or
manual voting methods, which are held by voters
checking or voting for the names of candidate
candidates according to election instructions.
The vote results are counted manually by
opening each ballot paper witnessed by election
witnesses. After the vote counting process is
carried out by the election organizing committee,
the results are obtained regarding the candidate
who received the most votes. The election and
vote counting process in this way certainly
requires a relatively long time and is less efficient
and tends to have a low transparency aspect and
is also prone to fraud [3].
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smartphones, as a communication tool for all
groups, can be used as a supporting tool for the e-
Voting system [7].

Previous studies have been conducted to
address the issues, including research by Mohamad
Anas Sobarnas et al., M.F. Aziz, Agus Yulianto et
al., using the waterfall method and black box
testing in designing an e-voting system [2][3][6].
One of the shortcomings of the waterfall method is
its inability to accommodate the dynamic needs of
the BEM president election context.

The contribution of this research,
considering the issues outlined in the paragraph
above, is the concept of an e-Voting system for the
BEM president election. Before the election
process begins, the administrator first collects data
to determine students as permanent voters and
prospective candidates. Next, students must arrive
at the polling station with their Student ID Card
(KTM) to show to the officer. Then, they register
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by entering their Student Identification Number
(NPM). After successful registration, students
proceed to the designated waiting area. As the
registration process is completed, the committee
monitors the queue and calls the earliest queue
number. Voters then enter the voting booth to
vote. Inside the booth, students scan a QR code
containing the candidate's photo using their
smartphone. Each student can only vote once.

The e-voting system for the BEM
chairman election in this study utilizes a
smartphone as an input device, a feature not seen
in previous e-voting studies. The system
development and testing method used is the
Dynamic  System  Development Method
(DSDM), an agile methodology characterized by
dynamic characteristics at each stage of system
development, and usability testing based on the
ISO 9241-11 standard, with user satisfaction
testing. This is expected to provide an effective
solution tailored to the dynamic needs of the
BEM chairman election e-voting system.

2. RESEARCH METHODS

The research was conducted using several
stages, the following is the research flow:

Topic Determination

Start s Literatue.
Study

Observation

!

e-Voting System
Construction Plan

!

Dynamic System Development Method

| Pre-Project Phase ‘

| Project Life Cycle ‘

| Post Project Phase ‘

b

Usability Testing

Results -+

IS0 9241-11

Figure 1. Research Flow

The research phase begins with determining the
topic through literature review and observation.
System illustrations are explained through a
system construction plan. System development
was conducted using the DSDM method, while
usability testing followed the ISO 9241-11
standard.

2.1 System Development Methods

The method used in this research is Agile
Software Development (DSDM) [8][9], with a
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system development approach based on the DSDM
stages, referring to an object-oriented platform and
its utilities. The focus of system development is on
user interaction, prioritizing user satisfaction with
the e-voting system [10]. The following are the
stages of the DSDM method:
1. Pre-project
This stage involves an interview process with
users, which is obtained from this stage as the
needs of the system and the determination of
actors or access rights.
2. Lifecycle Project
This cycle consists of 5 sub-stages, namely
feasibility study, business study, functional
model iteration, design and manufacturing
iteration, implementation.
3. Post-project
This stage is a performance measurement of the
system that has been created and implemented
to determine whether in the future it is
necessary to improve, maintain and repair the
system using a black box[11][12].

2.1.1 Pre-project
The system construction plan is shown in the
following figure:

ookl |
=
:
.
.

Figure 2. Illustration of System Construction Plan

Based on Figure 2, the system mechanism is
determined by the applicable business rule plan as
shown in the table below:

Table 1. Business Rule Plan
No Business Rules
Collecting data on permanent voters and
candidates by administrators (election
organizers) is taken from active student
data in the academic year of the election
before the e-Voting process is
implemented.
Students who wish to register as voters
must first register by bringing their
Student Identity Card (KTM) and then
showing it to the e-Voting officer.

Students (voters) input NPM for the
election queue process.

Monitoring of the queue process on the
system carried out by the administrator.
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No Business Rules

Students who are in the first queue enter
5 |the booth to scan the candidates to be
selected using their smartphones.

Each QR Code contains the candidate's
serial number, the voting process is done
by using a smartphone as a scanner input
and pointing it at one of the candidate's QR
Codes that you want to vote for at a
distance of = 35 cm. The QR Code
standardization used is  ISO/IEC
6 | 18004:2024, which supports UTF-8 data
encoding and the Reed-Solomon Error
Correction algorithm. This allows the QR
Code to remain readable even if partially
damaged or obscured [13], thereby
increasing the accuracy of reading the QR
Code of the BEM chairperson candidate
selected by voters.

Each student can only vote or scan a
candidate's QR Code once.

After determining the business rule plan, as
described in Table 1 above, actors and system
access rights were identified. The actors
identified are active students in each year, and
the committee consists of active BEM
administrators. The actor identification is shown
in the following table:

Table 2. System Actor Identification

No Actor Description

Is a permanent voter in
accordance with the

1 | Student permanent voter list with
the provisions of the
system business rules.
Is the
administrator/organizer
of election activities in
the environment where
the system is
implemented

2 | Committee

2.1.2 Lifecycle Project

The results of the identification in the
previous sub-chapter are the basis for conducting
a business study of the system, so that the system
design is in accordance with functional and non-
functional needs visualized in the use case,
Activity and Class Diagram images of the e-
Voting system.
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BEMChairperson lectian e Voting System

Dashboard

- Student
N Mansgement

= (Candiato Managoment)

.
Voting Results

Figure 3. Use case diagram of the e-Voting
system with the Committee actor

BEM Chairperson Elaction e-Voting System

@D\

Scan QR Code Student

Figure 4. Use case diagram of the e-Voting
system with student actors
Figures 3 and 4 are visualizations of the system
with the involvement of actors with access rights
according to the functional needs of the system.

Student gystem R

Calling the
auee

Scan CR Code }

L |

Figure 5. Activity Diagram of the e-Voting
system on the Student actor side

Commizee System

Displays the
login page

Entaryour usemama and
password

—>

yes

Manage commitiee Displays the
pages commitiee page

results report

Displays the election

Figure 6. Activity Diagram of the e-Voting
system from the Committee actor side
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Figures 5 and 6 are visualizations of system
activity with the involvement of actors with
access rights according to the system's non-
functional needs.

Antrian Mahasiswa Scan Kandidat

~id_ant - it (11) 1 |tz " i,

+nom : varchar (12) = n [0 siakanaicet. int 5) = nama : varcnar (90)

+name- varcna (100) -+ name  varenar (100) +npm : varchar(12) +nownt ne @
nokatan « anghalan : varehar (4) vl fent

{scan  ind (11) [ — - et int )
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Figure 7. Class Diagram of the e-Voting system

Figure 7 shows the relationship between each
class in the e-Voting system, which is a data
relationship between entities that influence each
other in the system mechanism process.

2.1.3 Post-project

This stage is a performance measurement
of the system that has been created and
implemented to determine whether in the future
it is necessary to improve, maintain and repair
the system using black box testing with
validation methods.

2.2 System Performance Test

The system performance test uses the ISO
9241-11 standard to measure usability (ease of
use) [14], this standard is a reference in
evaluating the usability of applications based on
three aspects [15], namely effectiveness,
efficiency and user satisfaction [16].
Performance testing on each test aspect is given
to respondents who are stakeholders in the
domain of the BEM chairman election e-voting
system, namely active students who are recorded
in the faculty database and are included as
permanent voters, faculty and study program
leaders, educational staff (lecturers) and faculty
education staff.

3. RESEARCH RESULTS

The Agile DSDM framework stage, which
is the post-project phase, involves coding
according to the requirements defined in the
system design in the previous stage. The
following is the resulting e-Voting system
interface.

3.1 e-Voting System Interface

Login

Username:
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Figure 8. e-Voting System Login Page

Figure 8 above is the system interface for
system user actors when starting access according
to the access rights that have been obtained.

&
i

nEsenm

Figure 9. Student Management Page of the e-
Voting System

The interface in Figure 9 shows the data
collection process in CSV file format carried out
before the election is carried out and coordinated
with the academic section as an inseparable stage
of the e-Voting system.

A TARULTAS TERNK
> KANDIDAT KETUA BEM FT

EVOTING

1 2 3

5]  [s]=]  [=]}[s]
Figure 10. e-Voting System Candidate
Management Page

Figure 10 is a display of the BEM chairperson
candidates who will be selected by being given a
QR code and a photo of the candidate in the e-
Voting system.

e e e I et e [ e 1

Figure 11. Voting Results Page of the e-Votihg
System

The interface in Figure 11 is a page on the
administrator/committee side as a monitoring
medium for the voting results that are currently
running based on the year of the student intake that
has chosen the BEM chairperson candidate.

Figure 12. e-Voting System Queue Page
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Figure 12 shows the committee
/administrator interface for monitoring the voter
queue during the ongoing voting process.

EvoTNG
Antrian Vetin [ eomsermin

EF RN

Figure 13. e-Voting System Queue History Page

Figure 13 is a queue history page from the
voting process and is operated by the
committee/administrator as system backup data
if a bug occurs while the system is running in the
election process.

*

BvoTNG

mEE®
(i]]

Figure 14. Student Queue Page of the e-
Voting System

Figure 14 shows the student queue page,
and the committee controls the actual queue to
ensure the process does not deviate from system
requirements, allowing potential bugs to be
resolved. If a solution to the actual queue
constraints caused by non-technical factors
cannot be resolved, the committee will take
action to exclude the system procedure through
this interface.

INPUT NO URUT
PASLON

2 Buka Kamera UNUK Sean Gt

Hasil Scan QR Code (Ko Uruty:

222010123901

w5

EVOTING - Fiihan Anda Menennikan Masa Depan

Figure 15. QR Code Scan Page of the e-Voting
System

Figure 15 shows the student-side QR code
scanner interface, which scans the QR code of
the candidate to be selected in the voting booth.
This tool allows voters to access the site using a
smartphone, based on a web page provided by
the committee.

3.2 Testing the e-Voting System

The testing phase is necessary to determine
the functionality of each feature in the e-Voting
system and ensure the system runs as expected.
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Black Box testing is conducted through
simulations involving participants who are
stakeholders and potential system users, ensuring
that the testing results reflect the real-world
conditions in the environment where the system
will be implemented. The test results can be seen
in Tables 3 through 9 below:

Table 3. Black Box Login Test Results

N | Testing Testing Test Conclusi
0 | Scenario | Method Results on
Usernam System
rejects,
e and .
admin
password | Usernam
are not | e: (blank) must
1 ; , enter Valid
filled in | Passwor userna
then click | d: (blank)
s me and
the login ASSWOr
button p
d
The
system
Fill in the will
Usernam
usernam o accept
e and (éorrec ) login
2 | password P .| access Valid
then click df”swo and then
the login | display
button (correct) the
admin
page.
Fill in the
usernam | Usernam | System
e and | e: rejects,
leave the | (Filled admin
3 | password | in) must Valid
blank, Passwor enter
then click | d: passwor
the login | (Empty) d
button.
Usernam The
e and | Usernam | system
password | e: rejects
are filled | (incorrec | and
4 | but | t) displays Valid
incorrect | Passwor | an error,
ly then | d: returnin
click the | (incorrec | g to the
login ?) login
button page.

Table 4. Results of Black Box Testing of Student
Management
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Testin
Ni|g Testing Test Conclus
o | Scena | Method Results ion
rio
The
system
fmport accepts
and the
studen . .
¢ fil File : file is
iles
1 1. mahasiswa | successf Valid
in
cSv .CSV Plly
imported
format .
into the
database
The
system
Import rejected
studen and the
t fil fil
_ iles File - 1: was
in no
2 Mabhasiswa Valid
format successf
.pdf
s other ully
than imported
CSV into the
database

Table 5. Candidate Management Black Box

Test Results
Testin
Nl g Testing Test Conclusi
0 | Scenar | Method | Results on
io
The
The system
ijdid Form: :flf:ieptsthe
1 (complet . Valid
ate ed) form is
form is successfu
filled in lly
added.
The
Empty system
add ' Form: rejects '
2 | candid (blank) and Valid
ate displays
form the form
again.

Table 6. Black Box Test Results for Voting
Results
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Testing Testin Test .
N Scenari g Result Conclusio
0 Metho n

0 S

d
The
system
accept
s, all

Delete Click results
1 | all data| delete | on the Valid

menu all data | voting

results
are
deleted

Table 7 Queue Black Box Test Results

Testin Testin
N Scenargi g Test Conclusio
0 Metho | Results n

0

d
The
Click :Zzt:rg

Start the thatp the
1 | scan start , Valid

menu scan student's

NPM is in
menu
the queue
history.
The
system
Click accepts
the that the
5 Delete delete NPM has Valid
menu menu been
in the | successfull
status y deleted
from the
queue list.

There

are sl e | The

students

. the system

in the .

start rejects, a

queue scan notificatio
3 | history Valid

but menu n appears

. in the | that there

click . .

next is still a

start ueue ueue

scan q q

again

Menu Click Thi m

delete the :ZZee ts, all
4 | all data | delete | 3 pin’ & Valid

in the | all data ata ¢

queue menu gu]e ue q 18

eleted.
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Table 8. Black Box Test Results for Queue

History
Testin
Ni|g Testing Test Conclu
o | Scena | Method Results sion
rio
The
system
accepts,
a
tSStuden notifica
. NPM : tion
mnput .
1 NPM (562020119 | appears Valid
in the 016) that the
queue NPM
mnput
was
success
ful.
The
system
rejects,
Studen an error
t[s NPM nptiﬁca
2 | PUL ser000119 | 1D Valid
the 016) appears
same that the
NPM NPM is
already
register
ed.
Studen The
ts sy‘stem
. rejects,
input an error
NPM notifica
that is | NPM : tion
3 not. (100204527 appears Valid
me |19
NPM is
the
databa not‘
se register
ed.
The
system
Studen rejects,
ts an error
in
el I e
4 (562020119 Valid
more 0161) appears
than that the
12 NPM
digits must be
12
digits.
NPM The
. system
:‘“Sll ZOt rejects,
e students
5 | In then | NPM : must Valid
click (blank)
the cater
submit their
NPM
button
first.
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Table 9. Results of Black Box Testing of Student
Queues

Testing | Testing | Test .
No Scenario | Method | Results Conclusion
The
system
accepts,
Delete | Click ?H I
1 | all data | delete resutts Valid
in the
menu all data
queue
history
are
deleted.

Based on the results of the black box
validation method test in tables 3 to 9, all test
scenarios for valid features were obtained, so the e-
Voting system can be released for use in real
practice. In testing this validation method, the test
environment conditions are ensured to be ideal so
that the potential for bugs can be minimized.
However, if a bug occurs in a test item, the test is
repeated until the potential bug is resolved, after
which testing is continued on the next test item.
The potential for bugs in the test item is based on
the suitability of the procedures, mechanisms, and
predetermined system rules. In the following
development, testing requires algorithm testing to
complement the results of the validation test and
minimize system bugs that occur.

4. DISCUSSION

Usability is measured using ISO 9241-11,
which has three aspects: effectiveness, efficiency,
and user satisfaction. These aspects are explained
in the following subchapters.

4.1 Effectiveness
Effectiveness is measured by giving
respondents several tasks to complete all the tasks
given.
Table 10. System Testing Task List

Task .
Information
Code
T1 Respondents log in to the system.
T2 Respondents input student data

into the system.
T3 Respondents added candidates.
T4 Respondents edit candidates.

TS Respondents input the queue.

T6 Respondents perform QR scans.
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The number of successful tasks completed is
calculated based on the results. Successful tasks are
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given a score of 1, while unsuccessful tasks are
given a score of 0.

Table 11. System Effectiveness Testing

Total

Time (seconds) Time

Rp (seconds)
1 2 4 |5 6

eed r
1 12 | 1 1

R1 7 3 0 5 6 7 178 | 178
1 2 1

R2 | 9 3 40 3 8 5 85 | 108
1 2 1 2

R3 | 8 7 80 5 0 0 160 | 160

R4 | 7 ! 35 ! 7 ! 99 99
5 8 7
1 1 1 1

R5 ol 6 60 5 6 9 110 | 126
1 2 1

R6 | 8 7 75 0 5 5 140 | 140
1 2 1

R7 | 7 9 40 3 9 3 88 128

R8 | 9 ! 50 ! 8 ! 115 | 115
5 9 4
1 2 1

R9 | 9 ’ 90 3 6 6 156 | 156
R1 1 1 1

0 7 6 45 7 7 5 107 | 107

The data in Table 11 represents the results
of the tasks carried out by each respondent, each
acting as a committee member (administrator)
and a student (voter). In the task column of
Table 10, tasks 1 through 4 were carried out by
the administrator, while tasks 5 through 6 were
carried out by the students as voters in the e-
Voting system.

The calculation of the success rate of the
task is calculated using the Completion Rate
with the following formula.

Completion Rate =2x 100 = 95%

The results obtained from the effectiveness value
of the e-Voting system in the BEM election
simulated at the Faculty of Engineering were
95%. Based on the obtained value, the system's
effectiveness aspect was high, but there were
several tasks (T2 and T4) that were carried out by
respondents (R2, R5, R7) that were not
successfully completed so that the potential for
bugs in the system was one of the determining
factors for the system's success rate.

4.2 Efficiency

Efficiency is measured by observing the
time it takes respondents to complete all assigned
tasks. Using the tasks in Table 10, the completion
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rate is obtained, which is then calculated using the
Overall Relative Efficiency (ORE) formula as
follows:

Table 12. System Efficiency Testing

Assign

Task Numb ment

R er of Succes

Succe S

pn TlrtlrtlrlT!T ssful Percen
Tasks tage
1 (23 |4]|5]|6 %)
RI |1 |11 |1]1]1 6 100
R2| 1|11 ]0[1]1 5 83
R3| 1|11 ]1][1]1 6 100
R4 1|1 |1 |1 ]1]1 6 100
R5|1 |01 ]1]1]1 5 83
R6| 1|1 |1 |1]1]1 6 100
R7| 1|1 ]1]0[1]1 5 83
R8| 1|11 ]1][1]1 6 100
RO 1|1 |1 |1 [1]1 6 100
Ii)l 1|11 ]1]1]1 6 100

Table 12 shows the results of the efficiency
test, measured by the time each respondent worked
on. The processing time was recorded throughout
the process, regardless of whether the task was
successfully completed or not. The time column in
Table 12 shows the processing time of each
respondent, while the total time (seconds) column
represents the total time for each successful task
and the total time. The tasks that have been
completed, as shown in Table 3, provide the time
data required by each respondent to complete all
tasks, namely:

178 + 85+ 160 +99 + 110 + 140 +
88 +115+ 156 + 107

ORE = 1787708 + 160 + 99 + 126 + 140 +
128 + 115 + 156 + 107
ORE= 128 100 = 94%
1317

The total time taken by all respondents to
complete the tasks was 1,317 seconds, while the
total time successfully completed by all
respondents was 1,238 seconds. Based on these
calculations, the efficiency of the e-Voting system
for the Faculty Student Executive Board (BEM)
elections reached 94%. The efficiency aspect
percentage in the e-Voting system simulation test
is influenced by the level of response focus when
carrying out each task. The results of the
efficiency aspect test with the number of
respondents (10 respondents) and under ideal
testing conditions with a score of 94% are
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considered high compared to the results of
similar and previous studies that averaged below
90% [2][3][6]

4.3 User Satisfaction

User satisfaction was measured by
administering a questionnaire to respondents,
then calculating the results using the System
Usability Scale (SUS) formula as follows:

Table 13. SUS Values Based on Total
Questionnaire Scores

Tota Tota

Rp 1 Amoun | Rp 1 Amoun

n Scor | tx2,5 n Scor | tx2,5

€ €

R1 25 62,5 R16 27 67,5
R2 26 65,0 R17 27 67,5
R3 32 80,0 R18 28 70,0
R4 26 65,0 R19 30 75,0
RS 30 75,0 R20 32 80,0
R6 36 90,0 R21 28 70,0
R7 24 60,0 R22 28 70,0
RS 27 67,5 R23 31 77,5
R9 25 62,5 R24 28 70,0
R10 40 100,0 | R25 30 75,0
RI11 26 65,0 R26 30 75,0
R12 24 60,0 R27 31 77,5
R13 30 75,0 R28 28 70,0
R14 35 87,5 R29 30 75,0
R15 30 75,0 R30 31 77,5
Average 73

The average user satisfaction level, after being
calculated using the SUS method, obtained a
score of 73. Based on the SUS scale, this score
is categorized as Good, with a grade of B, at the
Acceptable level and included in the Passive
category on the NPS scale.

Iraior {1551 Promoter
Ps: Detractor omolet

i o Marginal :
Acceptadle: tiot Acceptabie fargina Acceplabie

i . 1
Adjective: ORINTARNG Pooy oK or Exelnt Bestinaane

Grade; F D B A

N S S S S
susscor; 0 10 20 30 40 50 60 70 80 90 100

Figure 17. Results of the User Satisfaction
Measurement Scale with SUS

The results of wusability testing
measurements of the e-Voting system for the
Faculty of Engineering Student Executive
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Board election based on three aspects of ISO
9241-11 are as follows.

Table 14. Results of System Usability
Measurement with ISO 9241-11

Effectiveness | Efficiency | User Satisfaction
95% 94% 73

Based on the ISO 9241-11 standard, the e-Voting
System has an effectiveness score of 95%, meaning
respondents were able to complete tasks
accurately. The efficiency score of 94% indicates
that the system facilitated respondents' quick and
casy use of its features. Meanwhile, the user
satisfaction score of 73 indicates that respondents
found the system technically quite user-friendly.

5. CONCLUSION

This e-Voting system is designed to simplify the
election of the BEM chairman. The system design
using the DSDM method has proven to be easy to
implement, relevant and effective and in
accordance with user needs. Effectiveness testing
based on ISO 9241-11 showed a success rate of
95%, with 57 out of 60 tasks successfully
completed. In terms of efficiency, the system
recorded a score of 94%, with a total task
completion time of 1,238 seconds out of 1,317
seconds, indicating only 6% wasted time. User
satisfaction testing resulted in a SUS score of 73,
which is included in the Good category with a
grade B, proving that this system is able to meet
needs effectively and efficiently to support the e-
Voting process. In the broader application domain
of this e-Voting system, an in-depth testing process
is required, especially aspects of the ISO 9241-11
standard, by involving greater resources starting
from time and respondents according to the scope
of the system domain with a measurable testing
duration, so that system requirements can be met
and in the same context the system can be
implemented well.

6. SUGGESTION

The research conducted using the testing method
used has yielded high levels of acceptance and
satisfaction from several aspects of the SUS scale,
consistent with the test results. However,
particularly in the NPS aspect, automation features
need to be added to the queue menu to improve
system functionality performance according to
user needs. Furthermore, system testing using
other methods is recommended as a comparison to
previous test results. To ensure a higher level of
accuracy, effectiveness and efficiency testing is
recommended to use 50% of the user satisfaction
test sample. To support the system scalability
aspect, program algorithm testing is required for
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testing system service features and integration
with other technology service platforms that
provide security features and high performance
in a reliable system infrastructure.
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Abstract
The iterator design pattern is an effective approach in software development to achieve greater modularity
and reusability. This study analyzes the application of the iterator pattern in enhancing software
reusability, particularly within the object-oriented programming paradigm. The research includes a
literature review and hands-on implementation using Python and Java to evaluate the separation of
iteration logic from data structures. The results indicate that the pattern supports the principle of
separation of concerns, enabling the development of code that is more flexible, structured, and
maintainable. Code evaluation shows improvements in readability and the ease of component reuse.
Therefore, this study provides a practical contribution to the understanding of design patterns and is
expected to serve as a useful reference for software developers in building efficient and sustainable systems
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1. INTRODUCTION

Modern software systems are rapidly evolving in
both scale and complexity. The demand for fast,
stable, and efficient feature delivery encourages
software engineering practices that emphasize
modularity, separation of concerns, and the
ability to reuse code components (reusability).
Empirical studies indicate that improvements in
reusability are strongly influenced by appropriate
refactoring processes [1]. Other literature asserts
that the internal quality of software can be
enhanced through the selection of suitable design
patterns, which support more consistent and
maintainable code structures [2].

The iterator design pattern is a behavioral pattern
that provides a standardized mechanism for
traversing elements within a collection without
exposing its internal structure. This pattern
supports principles such as separation of
concerns and loose coupling, both of which are
fundamental to achieving flexible software
architecture [3]. In addition, the iterator pattern
has been proven to enhance the reusability of
traversal logic across various programming
contexts.

Refactoring plays a crucial role in increasing

software reusability, and multiple studies show
that effective refactoring can improve high-level

Terakreditasi SINTA 5

design structures, including packages, classes,
and methods [4]. Refactoring challenges often
arise from the presence of code smells, which
require structural fixes and consistent use of
design patterns [5]. Studies on refactoring-
related questions from developer communities
also show that many developers struggle to
determine optimal refactoring strategies, making
design patterns such as the iterator a stable and
reliable solution [6].

In modern system architectures, such as
microservices, design patterns have a significant
impact on system quality. Empirical studies
show that well-designed patterns can balance
quality trade-offs involving performance,
modularity, and reusability [7]. Other research
demonstrates that certain design patterns
influence microservice performance, especially
in large-scale scenarios [8]. Experimental
evaluations further confirm that choosing the
right architectural pattern can improve system
performance  without reducing structural
flexibility [9].

However, the application of design patterns—
including iterator—is not without challenges.
Recent studies note that misuse or incorrect
implementation of design patterns can lead to
bad smells, especially in classical gang of four
patterns [10]. Similar risks appear in object-
oriented design models that fail to use patterns
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properly, which can reduce reusability and
maintainability =~ [11].  Therefore,  proper
documentation, consistent implementation, and a
deep understanding of the iterator pattern are
essential before applying it in real development
environments.

Various implementations of the iterator pattern
have continued to evolve, including custom
iterators, lazy iterators, generator-based iteration,
and stream-based iteration commonly used in
java, python, and c#. Research shows that
pattern-based approaches improve development
efficiency and enhance component reusability
[12]. Studies on design patterns in microservices
and devs modeling also confirm that design
patterns contribute to building more modular and
extensible components.

In the context of local software development in
indonesia, several studies show  that
implementing design patterns can improve
software quality and system maintainability.
Research involving prototype-based user
interface design for car rental applications
demonstrates improved structural effectiveness
in web-based systems [13]. The development of
web-based financial applications also shows
enhanced maintainability through modular
design structures [14]. Similarly, studies on
tourism information systems highlight how
modular structures improve readability and
component reusability [15].

2. LITERATURE REVIEW

2.1 Software Reusability

Reusability is the ability of a software
module to be used again in other systems or
projects  without  requiring significant
modifications.  Reusability = can  reduce
development costs, accelerate production time,
and improve software consistency and quality.
Reusable components typically have a modular
structure, clear interfaces, and well-written
documentation. The application of design
principles such as low coupling and high
cohesion also supports the improvement of
reusability.

2.2 Iterator Design Pattern

The iterator pattern is one of the
behavioral design patterns used to access
elements in a data collection sequentially without
exposing its internal structure. This pattern
separates the iteration logic from the data
structure, thereby supporting flexibility and
reusability. In its implementation, this pattern
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uses a special object (an iterator) that is
responsible for the traversal process. It is
commonly used in programming languages such
as Java and Python and strongly supports the
principle of separation of concerns.

3. METHODOLOGY

This method was chosen because it is
suitable for exploring technical phenomena in
depth through conceptual analysis, literature
review, and exploratory code implementation.
The research was carried out in several structured
stages, including:

3.1 Literature Review

The study began with a literature review
to understand design patterns, particularly the
iterator pattern, and its contribution to
reusability in software development. The
primary reference examined was Design
Patterns: Elements of Reusable Object-Oriented
Software by [not in provided list], supported by
scholarly journals, conference articles, and
recent online sources. The literature also
included previous studies that investigated the
impact of design patterns on software quality
aspects such as readability, modularity, and
maintainability. This approach provided a solid
theoretical ~ foundation — and  contextual
understanding of iterator pattern application.
3.2 Code Implementation and Analysis

After establishing a  conceptual
understanding through the literature, the research
proceeded with the practical implementation of
the iterator pattern in two widely-used object-
oriented programming languages: Python and
Java. These languages were chosen to
demonstrate how the iterator pattern can be
adapted to different paradigms while maintaining
the same object-oriented foundation.

Two case studies were developed in this stage:

a) Case Study A (Python): A custom data
structure was developed with iterator
supportusing the iter ()and next ()
methods, in accordance with Python's
iterator protocol. This case focused on a
simple collection such as a list of objects
that required various traversal strategies.

b) Case Study B (Java): The Iterator and
Iterable interfaces were implemented, and a
custom iterator class was created to allow
flexible traversal, including both forward
and reverse iteration.

Each case study included code samples before

and after applying the iterator pattern. The initial

(baseline) code used a conventional iteration

approach with traversal logic embedded directly

in the data structure, while the refactored code

37


http://u.lipi.go.id/1180426802
http://u.lipi.go.id/1513576278
https://sinta.kemdikbud.go.id/journals/?q=NUANSA%20INFORMATIKA

NUANSA INFORMATIKA
Volume 20 Nomor 1, Januari 2026

separated the iteration logic into a distinct
iterator object. The analysis focused on code
structure, responsibility grouping, level of
coupling between classes, and the potential for
code reuse in other application contexts.
3.3 Reusability Evaluation

The final stage involved evaluating the
impact of applying the iterator pattern on
software reusability. This evaluation was
conducted qualitatively by comparing the code
before and after refactoring based on several key
reusability indicators:

a) Separation of Concerns: Assessing the
extent to which iteration logic is separated
from data and business logic.

b) Modularity: Evaluating the ability of the
code to be divided into independent
functional units.

¢) Readability: Measuring improvements in
code clarity and consistency following the
implementation of the iterator pattern.

d) Reusability: Analyzing the potential for
reusing the iterator components in other
projects or with different data collections.

The evaluation also considered good
software engineering practices, such as the
open/closed principle, low coupling, and
high cohesion. The findings from this
evaluation were used to draw conclusions
about the effectiveness of the iterator pattern
in supporting the development of more
structured, efficient, and maintainable
software systems.

4 RESULTS AND DISCUSSION

4.1 Implementation Results

In object-oriented software development,
managing and traversing data collections is a
common task. Before applying the Iterator
pattern, element traversal within a collection is
typically performed manually using index-based
loops, resulting in repetitive and poorly
structured code. By implementing the Iterator
pattern—both in Python and Java—data
collection traversal can be performed in a more
systematic way, separated from the logic of data
storage. This approach enhances code readability
and maintainability.
a. Example of Implementation Before Using

Iterator in Python:
def print_books(self):

print("=== Book List ==="

for 1 in range(len(self.books)):

print(f" {i+1}. {self.books[i]}")
Figure 1 : Before using iterators

The print books(self) method is used to
display the list of books stored in the collection
in a structured format. This method prints the list
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title and then iterates through the collection using
numeric indexing to display each book in
sequence. This presentation makes it easier for
users to verify the data and supports debugging
and validation processes in text-based software
development.
b. Example of Implementation After
Using Iterator in Python:

class Booklterator:
def _ init (self, books): self.books = books
self.idx =0
def iter_ (self):return self
def next (self):
if self.idx < len(self.books):
b = self.books[self.idx]self.idx += 1; return

raise Stoplteration

class BookCollection:

def init (self):self.books =[]

def __iter_ (self): return
Booklterator(self.books)

Figure 2 : After using iterators
The code above defines an iterator for the
BookCollection class. Booklterator allows the
book collection to be accessed sequentially using
a for loop without the need for manual indexing.
By implementing the iter () and _next ()
methods, the code simplifies the data traversal
process and enhances modularity and readability

when manipulating the book collection.

Book
- title: str
- author: str
- year: int Bookiterator
- genre:sir _ books: list[Book]
+_str_():str -_index: int
- filter_func: Callable
1| +_iter_{}: iterator
+_next_(): Book
BookCollection L
+ add_book (book) :
+ _iter_(): iterator Bookiterator
+filtered_iterator(filter_ff- - - - - - — —
+ print_books(iterator = -_iter_{) : iterator
count_books -_next_(): Book

iterator=Mone)
+find_books by keyyor

Figure 3 : Class diagram UML (Python)
The class diagram (Python) illustrates a
book collection system. The Book class contains
basic attributes of a book, such as title, author,
year, and genre. BooklIterator is a custom iterator
with filtering capabilities, allowing flexible
iteration  over the  book  collection.
BookCollection stores a list of books and
provides various methods such as adding books,
printing, filtering by genre/year, searching by
keywords, and sorting by title.
c. Example of Implementation Before Using
Iterator in Java:
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public void printSongsForward() {
System.out.println("=== Daftar Lagu ===");
for (int i = 0; 1 < songs.size(); i++) {
Song song = songs.get(i);
System.out.println(@ + 1) + ". " +
song.getTitle() +
" - "+ song.getArtist());
H

Figure 4 : Before using iterators
The printSongsForward() method is used to

display the list of songs in the Playlist object. By
using index-based iteration, each song is printed
sequentially along with its number, title, and
artist name. This function provides a structured
text representation of the playlist content,
making it easier for users to view and verify the
added songs.
d. Example of Implementation After Using

Iterator in Java:
class Songlterator implements Iterator<Song> {

private List<Song> songs; private int i = 0;

public Songlterator(List<Song> s) {songs = s;

}

public boolean hasNext() {return 1 <
songs.size(); }
public Song next() { return songs.get(i++); }

}
class Playlist implements Iterable<Song> {

private  List<Song> songs =  new
ArrayList<>();

public Iterator<Song> iterator() {
return new Songlterator(songs);

}

i

Figure 5 : After using iterators

This code applies the Iterator pattern in Java
to enable structured traversal of Playlist objects.
Songlterator manages manual iteration over the
list of songs, while Playlist provides iterative
access to the song collection by implementing
the Iterable interface. This approach improves
modularity and flexibility in data management
and separates the traversal logic from the data
structure.

Song
- title: String
- artist: String
- toString(): St
A
1| Songlterator
-songs: ListSong
- position : int
- hasNexi(): boolean
- next(): Song
Playlist .
+addSong(song: Song)
iterator() : Itorator<Song|
printSongsForward() in
: void Songlterator

Figure 6 : Class diagram UML (Java)
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The class diagram for the Java
implementation illustrates a music playlist
system. The Song class represents the song
entity, containing attributes such as title and
artist. Songlterator is a custom iterator that
allows traversal of the song collection one item
at a time, while the Playlist class stores the list of
songs and provides methods for adding songs
and printing the song list using the iterator.

4.2 Code Feature Comparison Table

The following table compares the coding
approaches before and after the implementation
of the iterator pattern and filtering functions in
Python and Java. The focus is on aspects such as
collection iteration, filtering capabilities,
separation of concerns, and development
flexibility. The new approach improves code
reusability and facilitates the development of
additional features.

Table 1 : Comparison of code features before
and after applying Iterator

Fitur Pytho Python Java Java
n (After) (Befor | (Afte
(Befor e) r)
e)
Collect | fori for item for for
ion in in (int i (Song s
Iteratio | range( | iterator =0;1 : this)
n len using < using
(-.) Booklter | list.siz | Iterator
ator e();
it++)
Filterin | Hardc | Flexible | Hardc | Not
g and oded filter oded availab
Searchi | loops | functions | loops | le
ng & through & (basic
condit | iterator condit | iteratio
ions ions n
code)
Separat | No Yes, No Yes,
ed Booklter Songlte
Iteratio ator is rator is
n Logic separated
from the separat
collectio ed
n
Reusab | Low High Low Mediu
ility (repeti | (modular m
tive s (modul
code) | customiz ar
able) iteratio
n,
no
filterin
g)
Separat | Uncle | Clear Uncle | Clearer
ion of | ar separatio | ar with
Concer n Iterabl
ns between e
(SoC) iteration
and
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collectio
n logic
Extensi | Limite | High Limite | Mediu
bility d (easily d m
(dupli | extendab
cate le via
code) | new
filters/ite
rators)

4.3 Reusability Evaluation
The implementation of the Iterator
pattern in Python improves reusability, as
filtering functions can be passed as parameters
without modifying the BookCollection class.
The iterator can be reused in various contexts
with high flexibility. Meanwhile, Java also
demonstrates improvement after using the
Iterator pattern, although it remains less flexible
than Python. For better results, Java can be
combined with Predicate<Song> or Stream APIs
to support more dynamic filtering capabilities
Table 2 : Evaluation of reusability in Python

and Java
Fitur Pytho | Pytho Java Java
n n (Befor | (After)
(Befor | (After e)

e) )
Code Low High Low Mediu
Reusabilit m
y
Ease of Low High Low Mediu
Modificati m
on
Extensibili | Limite | Flexib | Limite | Modul
ty Support | d le d ar
Separation | Weak | Strong | Weak | Good
of
Concerns
Unit Test | Limite | Easy Limite | Easy
Support d d

Reusability Evaluation

Unit Test Support

Separation of Concerns (5oC)

Extensibility Support (Madular)

Ease of Modification

Pythan (Before)
Code Reusability Pythan (After)
= java (Before)
m—Java (Afer)

0 1 2 3 a4 5
Score

Figure 7 : Bar chart of reusability evaluation

The figure above illustrates the reusability
evaluation of the code before and after applying
the Iterator pattern in both Python and Java. It
shows that after adopting the Iterator, both
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languages experienced improvements across all
evaluation aspects, such as code reuse, ease of
modification, extensibility, separation of
concerns, and support for unit testing. Python
showed the most significant improvement,
particularly in terms of modularity and
separation of concerns. Java also improved,
though its gains were more limited compared to
Python. This demonstrates that the Iterator
pattern helps enhance the structure and flexibility
of code when managing data collections.

5 CONCLUSION

The application of the Iterator design
pattern has proven to enhance the quality of
reusability  in  object-oriented  software
development. By separating iteration logic from
data structure, developers can produce code that
is more modular, flexible, and easier to maintain.
This implementation also aligns with core design
principles such as separation of concerns and the
open/closed principle.

Through case studies conducted in Python
and Java, it was observed that Python offers
greater flexibility due to its ability to accept
filtering functions directly within the iterator.
Meanwhile, Java also demonstrated
improvements after implementing the Iterator
pattern, although its filtering flexibility remains
limited without additional constructs such as
Predicate or Stream.

Overall, the use of the Iterator pattern not
only simplifies the traversal of data collections
but also strengthens the architecture of software
systems to be more reusable and maintainable.
Therefore, this pattern is highly recommended
for projects that involve repeated and flexible
data processing.

Furthermore, the Iterator pattern offers
advantages in testing and continuous
development, as its separation of iteration logic
allows for more focused unit testing without
dependency on the internal structure of the data.
With clearer task isolation, development teams
can accelerate refactoring processes and add new
features without disrupting existing code. This
makes the Iterator pattern a relevant and adaptive
design solution for supporting modern software
development practices that prioritize quality,
efficiency, and scalability.

6 SUGGESTIONS

Based on the findings of this study, future
work should extend beyond the Iterator pattern
and investigate additional design patterns—such
as Strategy, Observer, or Visitor—to provide a
broader comparison of their impact on software
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reusability. Moreover, applying the Iterator
pattern within microservice architectures or other
complex systems would help assess its effects on
scalability and maintainability in real-world
scenarios.

Subsequent research is also encouraged to
incorporate  quantitative metrics—such as
coupling, cohesion, and the maintainability
index—to  support objective  evaluation.
Leveraging functional-programming features
like filter() or Java Streams can further enhance
the flexibility of iterators. By combining sound
design practices with automated testing
approaches, developers can build systems that
are more modular, efficient, and sustainable over
the long term.
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This study presents the development of a Web-Based Asset Maintenance Monitoring System for CV Tartila
Group, a company engaged in photography, videography, and digital content production. Manual
documentation of maintenance activities often leads to data loss, inconsistent records, and ineffective
scheduling of preventive maintenance. The proposed system utilizes a structured approach based on the
Waterfall Software Development Life Cycle (SDLC), covering requirements analysis, system design,
implementation, and testing. The application integrates asset registration, maintenance history tracking,
and automatic scheduling of preventive maintenance using a centralized MySQL database. The results of
system testing show that the solution successfully replaces manual processes, increases the accuracy of
service records, provides real-time monitoring, and improves decision-making regarding asset lifecycle
management. This system contributes significantly to the operational efficiency of CV Tartila Group by

reducing downtime and ensuring consistent asset performance.
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1. INTRODUCTION

Asset management plays a critical role
in ensuring the reliability of equipment used in
digital creative industries such as photography
and videography. CV Tartila Group relies
heavily on primary assets—including cameras,
lenses, gimbals, and editing workstations—to
deliver high-quality documentation services for
sports events and wedding productions.
However, the company still performs asset
maintenance documentation manually using
spreadsheets and verbal reports, which poses
several risks, such as data inconsistency, loss of
historical maintenance records, and difficulties in
scheduling preventive maintenance.

Previous studies highlight the importance of
systematic asset maintenance. Krisdiawan [1]
emphasizes the relevance of structured system
development in  improving  operational
effectiveness. Research by Widodo et al. [2]
demonstrates how web-based systems increase
data accuracy and efficiency in asset-related
activities. Furthermore, Permatasari [3] shows
that centralized management information
systems  significantly reduce maintenance
downtime and support decision-making.

Based on these challenges, this study develops a
Web-Based Asset Maintenance Monitoring
System to digitize, centralize, and streamline
maintenance processes. The system provides
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structured preventive maintenance schedules,
real-time monitoring, and complete service
history documentation.

2. RESEARCH METHODS

The study adopts the Waterfall Model,
which is suitable because system requirements
have been clearly identified during observation
and interviews at CV Tartila Group. The phases
consist of:

2.1. Requirement Analysis

Activities include observing the asset workflows
and interviewing the operational manager. The
findings indicate:

Maintenance records are inconsistent and
scattered.

No preventive maintenance schedule exists.
Service decisions rely on staff memory rather
than structured data.

2.2. System Design

This phase yields:

Use Case Diagram for Admin, Crew, and Owner.
Activity Diagrams for asset maintenance
processes.

ERD consisting of Users, Assets, Maintenance
Records, and Categories.

UI Design for login page, dashboard, asset input,
and maintenance scheduling.
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2.3. System Implementation

The application implements a 3-tier architecture:
1.Front-end: HTMLS5, CSS, JavaScript
2.Back-end: Node.js + Express

3.Database: MySQL

Key functionality includes CRUD for assets,
automated preventive maintenance calculation,
and role-based access control.

2.4. System Testing

Black-box testing wvalidates input, output,
functionality, and access permissions. Testing
focuses on:

1.Login validation

2.Asset registration

3.Maintenance record creation

4.Automated scheduling functionality

5.Report generation

3.RESEARCH RESULTS

This section presents the results of the
analysis, system modeling, and design processes
conducted during the development of the Web-
Based Asset Maintenance Monitoring System for
CV Tartila Group. The results include detailed
visual representations in the form of UML
diagrams, workflow models, and database
structures. These outputs collectively serve as the
blueprint for system implementation, ensuring
that the developed application aligns with the
operational needs of the company and follows
established software engineering principles.

The diagrams shown in this section not only
provide a conceptual overview of the system but
also demonstrate how each system component
interacts to  support asset monitoring,
maintenance recording, and user activity
management. These models also serve as
validation artifacts confirming that the system
meets the functional and non-functional
requirements gathered during the analysis phase.

3.1 USE CASE DIAGRAM

The Use Case Diagram gives a general
idea of what the  system can  do and shows
how the people using the system interact with its
different functions. In this
system, there are three main types of users:
Admin, Crew, and Owner. Each actor plays
different roles and has access to specific features
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depending on their responsibilities within the
organization.

The Admin actor has the highest privilege level,
enabling system-wide operations such as asset
registration, user management, maintenance
verification, and report generation. Crew
members interact with the system primarily to
input maintenance records, wupdate asset
condition, and view assigned equipment. The
Owner actor is responsible for overseeing the
entire asset management process and has access
to real-time monitoring features and overall
maintenance reports.

By visualizing these interactions, the Use Case
Diagram ensures that system functionalities are
properly mapped and accessible only to
authorized users.

aset

Figure 1. Use Case Diagram of the Asset
Maintenance Monitoring System

3.2 ACTIVITY DIAGRAM OF THE
CURRENT SYSTEM

The activity diagram of the current system
illustrates the existing workflow used by CV
Tartila Group before the implementation of the
proposed  application. Currently,  asset
maintenance is predominantly carried out using
manual methods. Technicians or crew members
perform equipment inspections after fieldwork
and report any issues verbally or through
informal notes. These reports are then handled by
the manager, who decides whether maintenance
or servicing is required.

The absence of a structured process leads to
several inefficiencies. Records may be
incomplete, lost, or forgotten, causing delays in
maintenance and increasing the risk of
equipment failure during critical tasks.
Additionally, there is no centralized data
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repository where maintenance history or asset
condition trends can be analyzed.

The activity diagram  highlights these
weaknesses by mapping out the manual,
fragmented, and non—data-driven workflow.

®

|‘ Crew mengecek aset :\
| Catat hasil pengecekan di kertas/Excel \

¥

4 R
| Serahkan laporan ke Admin

v

[ Admin rekap data pemeliharaan |

v

| Data disimpan manual |

®

Figure 2. Activity Diagram of the Current
System

3.3 ACTIVITY DIAGRAM OF THE
PROPOSED SYSTEM

The presented system's activity
diagram illustrates the enhancement

in workflow organization, = automated, and
consistent through the use of the web-based
application. Users begin by logging into the
system, where access levels are verified. The
Admin can access modules to add new assets,
update maintenance data, assign responsible
personnel, and validate service records. Crew
members can record any detected issues directly
into the system, ensuring real-time
documentation.

One of the key improvements introduced by the
proposed system is the automatic calculation of
the next maintenance schedule based on the
predefined maintenance cycle for each asset.
This significantly reduces human error and
ensures that preventive maintenance activities
are performed on time.

The diagram also demonstrates how the system
stores all data in a centralized MySQL database,
enabling efficient retrieval, accurate history
tracking, and real-time updates on the dashboard.
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| user Login |

Ya .’ ogin valid? >1d2k

| Tampilkan pesan gagal legin |

| Pilih menu pemeliharaan |

I 2

- ~
| Input data pemeliharaan |

[ 2

| validasi input |

Y2, Data validz 192k
p ~ s ~
| Simpan ke database | | Tampilkan error

oy

| Perbarui status aset |

2

\/Tamp\\kan notifikasi berhas\\\J
Figure 3. Activity Diagram of the Proposed
System

3.4 Sequence Diagram

Sequence Diagram shows,
in order, how the different parts of the system
and the people using it work together when doing
certain things. This diagram explains message
flows, request—response patterns, and the order
of system operations that occur as the user
performs actions such as logging in, submitting
maintenance data, or retrieving asset status.

Web App Controller Database | = Admin

Crew
Login
2 >
submitLogin()

validasiUser()

R
< valid
< 2mpilDashboard
pilih menu pemeliharaan
input data pemeliharaan
usubmitbemelharsan) o
insert pemeliharaan

L success
< tampil notifikasi berhasil '

lihat riwayat

requestData()
select pemeliharaan
LSGect pamemaann. !
data
<

tampilkan
< 2P

Crew Web App Controller Database | | Admin

Figure 4. Sequence Diagram of the Proposed
System

3.5 ENTITY RELATIONSHIP DIAGRAM
(ERD)

The ERD represents the logical database
structure of the system and illustrates how data
entities are related to one another. The database
was designed using normalization principles to
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eliminate data redundancy and maintain
consistency across records.

Figure 4. Entity Relationship Diagram of the
System

3.6 SYSTEM FLOWCHART

The flowchart illustrates the detailed logical flow
of the system operations. It includes decision-
making processes, data input verification,
routing of wuser actions, and storing of
information into the database.

Flowcharts are important to validate the
correctness of system logic and identify any
potential bottlenecks or errors before the
implementation stage. The flow also ensures that
every action initiated by a user results in the
expected system output.

?

e ™
| Mulai |
\ J

- \
| User Login |

Ya, Login Valid? JTidak
re Y re Y
| Pilih Aset | | Gagal Login |
p A M A

- ™,
| Isi Form Pemeliharaan |

2

P \
| wWalidasi Data |
\ J

Y2 Data Valid? 42k
- - - -
| simpan ke Database | | Tampilkan Error |

A 2

e Ty
| Update Status Aset |
\ J

I 2

| ’Tampilkan No[ifikasi-\]
Figure 5. System Flowchart of the Asset
Maintenance Process
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3.7 User Interface Design (Ul Design)

The way the User Interface (UI)is designed
shows what the main pages of the system look
like and how they are set up at first. Ul design
is done to make sure the application is simple to
use, visually consistent, and aligned with the
functional requirements obtained during the
analysis phase. The interface mockups guide
developers during implementation and help users
understand the intended system flow.

3.7.1 Login Page

This page provides user authentication for
Admins, Crew, and Owners. It contains fields for
username and password, supported by input
validation to ensure secure access.

MASUK

Figure 6. Login Page Interface
3.7.2 Dashboard Page

The dashboard displays quick summaries such as
total assets, maintenance schedules, and recent
activity logs, enabling users to monitor system
updates efficiently.

ASET KITA Selamat Datang Admin
( Selamat Datang Admin
Totat Aset Aset Pertu Perbaikan Sdswat Mendatang Lokasi Aset

16 0 2 1

Actor Uhot Sewmsn Aset > Uhat Daftar> Lot Seatus > Mansjomen Lokasi >

1| 5 Aset Terakhir Didaftarkan

© Nava KATHGORT Loxast sTanus. sTarus

2 KOMPUTER SET BARANG ELERTRONK  STUDIOUTAVA  Standby Standy

» JAMOINOING TANPAMERK  PROPERTY STUDOUTAMA  Standby

Teknisi

2 KURSUSTAND PROPERTY STUDOUTAMA  Standby

E MEUA KOMPUTER PROPERTY STUOUTAMA  Standy

2 LENSA TAMRON PERLENGKAPANFOTO STUDIOUTAMA  Opersticnst  Operational

Figure 7. Dashboard Interface
3.7.3 Asset Management Page

This interface is used by Admins to add, update,
and delete asset information. The layout supports
accurate data entry to maintain asset records.
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ASET KITA Pendaftaran Aset Baru

Figure 8. Asset Management Interface
3.7.4 Maintenance Input Page

Used by Crew members to submit maintenance
activities. It includes fields for maintenance
details, dates, descriptions, and photo uploads to
ensure complete documentation.

Penjadwalan Maintenance

Buat Jadwal Baru

Pillh Aset [Piin Aset

Tanggoal Jadwal [ hh/bb/tttt

Pillh Teknisi [Piin Teknisi

Cataton Tambahban

Deskripsi Pekerjoon/ Prosedur

Upload Gambar Sebelum Perbolkan (Opsional)

[ Pilih Fne] Pilh File

Daftar Jadwal Maintenance Mendatang

D ASET TANGGAL TENISI TEKNISI

Figure 9. Maintenance Input Interface
3.7.5 Report Page

This page displays a list of maintenance activities
with filtering and sorting options, helping users
review and analyze maintenance history.

ASETKITA | Maintenance Completion History

;\ Maintenance completion history
) [ Completed )
Logged User
Adrin 7
| | (asser
Loged User | | |
— | | (Logged User
ooy i [
logged User | — = ma—
-] COMPLETIONDATE  TECHNICIAN NOTES SUMMARY NOTES  STATUS  ACTION
Admin
10 KEYBOARD Budi repair ——
F SAMSUNG Technician  needed P ompleted ]
0ggd User
Admin o f r— | S— [ — E— | —
) JoI J
—3 ) [ = | ] 3

Figure 10. Maintenance Report Interface

4. DISCUSSION
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This part talks about what was found
while creating the Web-Based Asset
Maintenance Monitoring System for CV Tartila
Group.. The discussion focuses on interpreting
the results presented in the previous chapter,
analyzing the effectiveness of the proposed
system, and evaluating how the system addresses
existing operational issues within the company.
Additionally, this chapter highlights the
improvements  achieved through  system
implementation in terms of accuracy, efficiency,
data integration, and decision-making support.

4.1 Analysis of System Improvements

The introduction of a web-based asset
maintenance system provides several significant
improvements compared to the traditional
manual process. The previous workflow relied
heavily on  handwritten notes, verbal
communication, and informal documentation,
which resulted in inconsistent reporting, delayed
responses, and insufficient record tracking.
These issues created operational inefficiencies
and increased the risk of unexpected equipment
failures.

The proposed system addresses these challenges
by providing:

Data Kept in One Place
A MySQL database is used to keep all records of
maintenance, information on assets, and things
users do within the system. This makes sure that
information is easy to get to, well-organized,
and safe from being lost or put in the wrong
place. Real-Time Monitoring
The system dashboard presents up-to-date
information about asset conditions, maintenance
status, and pending tasks. This allows managers
and owners to monitor operational readiness at
any time.

Higher Accuracy of Reports
By automating data input, validation, and
storage, the system reduces human errors and
improves the accuracy of maintenance logs.
Increased Accountability
Each activity is associated with a specific user,
enabling tracking of responsibilities and ensuring
that tasks are completed by authorized personnel.
These improvements collectively enhance the
reliability and transparency of maintenance
operations within CV Tartila Group.

4.2 Evaluation of User Roles and Access
Control

The multi-role access model implemented in the
system ensures that each user interacts only with
the features relevant to their responsibilities.

46


http://u.lipi.go.id/1180426802
http://u.lipi.go.id/1513576278
https://sinta.kemdikbud.go.id/journals/?q=NUANSA%20INFORMATIKA

NUANSA INFORMATIKA
Volume 20 Nomor 1, Januari 2026

Admin, Crew, and Owner roles are clearly
separated through the access control logic
embedded in the system.

Admins manage assets, validate maintenance
records, generate reports, and oversee user
accounts.

Crew Members perform operational tasks such as
logging maintenance activities, updating asset
conditions, and submitting inspection results.
Owners have access to high-level monitoring
features, summarized reports, and system-wide
performance indicators.

This role-based structure not only increases
system security but also prevents unauthorized
access. It ensures that the workflow becomes
more controlled and that data integrity is
preserved.

4.3 Discussion of Database Design
Effectiveness

The database schema presented in Chapter III
demonstrates a normalized and well-structured
relational model. By implementing foreign key
constraints and using consistent naming
conventions, the system minimizes redundancy
and potential anomalies in data storage.

Through the ERD and table relations:

Data dependencies are clearly defined.

Each maintenance record is traceable to both the
asset and the responsible user.

Asset categories help in filtering and generating
more targeted reports.

Historical data can be analyzed to predict future
maintenance needs.

The relational database thus plays a vital role in
ensuring that the maintenance monitoring
process is systematic, accurate, and scalable.
4.4 Impact on Maintenance
Performance

With the new system in place, maintenance
performance is expected to improve in multiple
aspects:

Timeliness of  Maintenance  Activities
The system allows users to track upcoming
maintenance schedules, reducing delays.
Reduction of  Unplanned Downtime
With better historical tracking and automatic
scheduling, assets are less likely to fail
unexpectedly.

Enhanced Reporting Capabilities
Reports generated through the system are more
detailed, consistent, and suitable for managerial
decision-making.
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Operational Transparency
Every maintenance action is logged, allowing
supervisors and owners to evaluate crew
performance and asset reliability.

These impacts demonstrate that the proposed
system not only digitizes the maintenance
process but also enhances operational quality.

4.5 System Limitations

Despite its advantages, the system has some
limitations:

Internet Dependency
The system requires network access, which may
be challenging in remote operational areas.

User Training Requirements
New users may require training to fully utilize
the system.

Limited Mobile Optimization

If accessed from mobile devices, some interfaces
may require further optimization.

These limitations can be addressed in future
development.

4.6 Overall System Evaluation

Overall, the system successfully meets the
functional requirements and significantly
enhances the asset maintenance workflow at CV
Tartila Group. The combination of structured
data management, streamlined processes, and
real-time monitoring makes the system an
effective  solution for supporting daily
maintenance activities and long-term asset
management strategies.

5. CONCLUSION

Creating a Web-Based System to Keep
Track of Asset Maintenance for CV Tartila
Group has successfully addressed the
shortcomings of the company’s previous manual
maintenance process. Through a structured
analysis, comprehensive system design, and the
implementation of UML-based modeling, the
system provides an integrated and reliable
platform for managing asset information and
maintenance activities.

The results demonstrate that the system offers
several key advantages. First, it centralizes all
maintenance data into a secure and organized
database, ensuring that historical maintenance
records can be accessed easily and accurately.
Second, the system increases operational
transparency by associating every maintenance
action with a registered user, thereby improving
accountability across the organization. Third, the
system enhances efficiency by automating task
scheduling, standardizing maintenance
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reporting, and enabling real-time monitoring
through a dashboard interface.

Additionally, the role-based access control
implemented within the system ensures that each
actor—Admin, Crew, and Owner—interacts
with the application according to their
responsibilities, reinforcing system security and
reducing the risk of unauthorized access. The
relational database structure and workflow
diagrams further validate the robustness and
scalability of the system design.

Overall, the system provides a practical and
effective solution for improving the accuracy,
reliability, and timeliness of asset maintenance
operations at CV Tartila Group. While the
current implementation meets the core functional
requirements, future enhancements such as
offline mode, mobile optimization, and
predictive maintenance analytics could further
strengthen the system’s value and performance.

6. RECOMMENDATIONS

Based on the development process and
the results obtained from the implementation of
the Web-Based Asset Maintenance Monitoring
System for CV Tartila Group, several
recommendations can be made to improve future
system  performance and broaden its
applicability:

Enhance Mobile Responsiveness
Although the system can be accessed through a
web browser, certain interfaces may not be fully
optimized for smaller screens. Enhancing the
system’s mobile responsiveness or developing a
dedicated mobile application would significantly
improve usability for field workers who
frequently  operate outside the office
environment.

Implement Offline Mode Support
Many maintenance activities occur in locations
where internet connectivity may be unstable or
unavailable. Integrating offline data recording
features that synchronize automatically when a
connection is restored would ensure continuous
functionality and prevent data loss.

Integrate Predictive Maintenance Analytics
Incorporating predictive maintenance
techniques—such as trend analysis, machine
learning, and failure prediction algorithms—
could enable the system to forecast asset
conditions based on historical data. This would
help the company plan preventive actions more
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effectively and reduce unexpected equipment
failures.

Expand Notification and Alert Features
Implementing automated email or push
notifications  for upcoming maintenance
schedules, overdue tasks, and critical asset
conditions would increase the system’s

practicality and  proactive = monitoring
capabilities.
Conduct Periodic User Training

To maximize system effectiveness, regular
training sessions should be held for Admin,
Crew, and Owner users. This ensures that all
personnel can utilize system features properly
and remain updated on new features introduced
in future versions.

Strengthen  Data  Security and Backup
Mechanisms

Since the system handles sensitive operational
data, enhancing security measures such as data
encryption, multi-factor authentication, and
automated database backups is essential to
ensure long-term data integrity and protection
against cyber threats.

Integrate Asset Lifecycle Management Features
Expanding the system to include full lifecycle
management—such as procurement tracking,
depreciation  calculation, and  disposal
management—would allow CV Tartila Group to
manage assets comprehensively from acquisition
to retirement.

By implementing these recommendations, the
system can continue to evolve and offer even
greater value to CV Tartila Group. Future
development efforts should focus on improving
accessibility, enhancing analytical capabilities,
and ensuring that the system remains adaptable
to the operational needs of the organization.
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Abstract

Digital transformation is a strategic solution for Micro, Small, and Medium Enterprises (MSMEs)
to maintain global competitiveness, however, its implementation in the beauty service sector is
often hindered by operational technology gaps. The primary issue in the Ummu Micco Salon case
study is service management inefficiency, which negatively impacts business growth. The
underlying cause lies in an inaccessible reservation system and a lack of price transparency,
directly resulting in customer confusion and the risk of potential revenue loss. This study aims to
address this gap by designing a User Interface (Ul) and User Experience (UX) solution built on
a website using the Design Thinking approach. The main contribution of this research is
implementative, providing a validated design solution that directly resolves the service
management inefficiencies faced by the beauty salon. The solution was realized as a high-fidelity
prototype using Figma software and validated by 20 respondents. Evaluation results using the
System Usability Scale (SUS) measurement indicated a score of 79.625, achieving a Grade B and
an "Acceptable” category. This score directly demonstrates that the system design possesses a
high level of usability and is feasible for implementation to support operational efficiency and
business sustainability for MSMEs.
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and services, and a promotional medium that
operates ceaselessly, enabling companies to
reach a wider audience [5], [6].

For businesses operating in the service
sector, such as beauty salons, the implementation
of web-based technology can directly support
various core business processes, ranging from
promotional activities to transactional functions
such as the implementation of online booking
systems [7], [8]. The success of a website as a

1. INTRODUCTION

In the midst of an era of rapid digital
transformation, Micro, Small, and Medium
Enterprises (MSMESs) play a strategic role in
Indonesia's national economic structure. Digital
transformation has now become an absolute
necessity for MSMEs to survive and compete in
the global economy. The adoption of digital

technology offers various significant benefits,
including increased efficiency, productivity, and
market competitiveness in an increasingly
competitive landscape [1]

The implementation of digital-based
operational innovations has proven to have a
positive impact on three main aspects: improving
operational efficiency, expanding market reach,
and enhancing service quality [2], [3]. The digital
ecosystem is a crucial factor for the success of
MSMEs in Indonesia [4]. Within this ecosystem,
a website serves as one of the primary digital
gateways and the most fundamental asset for a
business. A well-designed website functions as
an information center, a showcase for products
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business tool is not determined solely by its
technological sophistication, but rather by the
quality of the interaction between the system and
its users. This is where the crucial roles of User
Interface (UI) and User Experience (UX) become
central. Both influence each other and are
interconnected [9], [10], [11].

The issues of manual reservation
inefficiency and the lack of price transparency
have become major obstacles that diminish
customer trust and the professional image of
Ummu Micco Salon. Designing a website serves
as a crucial solution to simplify the booking flow
and provide information certainty. The Design
Thinking approach is applied to ensure the
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solution is relevant to user needs. Design
Thinking emerges as a relevant approach to
address this need, as this methodology places
empathy for the user as the starting point of the
entire creative process to generate solutions that
meet user needs and desires [12], [13].

Based on the urgency of the operational
problems faced, this study aims to design a
website-based UI/UX for Ummu Micco Salon by
applying the Design Thinking approach. This
research focuses on an implementative
contribution by producing a tangible digital
artifact capable of streamlining the reservation
process and ensuring price transparency. To
objectively validate the effectiveness of the
solution, this study also aims to evaluate the
usability level of the final design using the
System Usability Scale (SUS) method, thereby
ensuring that the created solution is feasible for
implementation and complies with user
satisfaction standards.

2. RESEARCH METHOD

The primary methodology employed in
this research is the Design Thinking approach.
The selection of this approach possesses a strong
strategic justification, particularly within the
context of MSMESs such as Ummu Micco Salon.
Since salon operations are heavily reliant on
personal relationships between the owner and
customers, the Design Thinking approach
ensures that digital solutions remain relevant to
user needs, thereby facilitating easier acceptance
and adoption.

DESIGN THINKING

(
S

Empathize

Undderstanding Canersting
people your ideas

Q 74

Define Test Prototype
Figuri R Cres and

Figuring out o
the problem the produst

Figure 1. Design Thinking Stage

2.1. Empathize

This stage serves as the foundation of
the entire process, aiming to build a deep and
empathetic understanding of the users [14]. To
obtain comprehensive user information, the
researcher conducted in-depth interviews with
informants who are also users, totaling 6
participants: the owner of Ummu Micco Salon
and 5 customers. The inquiries posed to the users
pertained to the obstacles they encountered in
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salon services for customers, and the difficulties
experienced by the owner in efficiently reaching
consumers, alongside direct on-site observation.
Once all questions were answered, the researcher
classified the responses into user complaints.

2.2. Define

Insights collected from the Empathize
stage, specifically user complaints, are analyzed
and synthesized. This process focuses on
mapping Pain Points to identify specific barriers
experienced by users, as well as User Needs to
understand the actual motivations or goals
sought. The analysis results are then converted
using the How Might We (HMW) method.
HMW functions as a strategic instrument to
transform rigid problem statements into idea-
triggering questions, thereby opening a space for
the exploration of effective and innovative
solutions in the Ideate stage.

2.3. Ideate

After the core problem is clearly defined
through HMW, the researcher conducts
brainstorming sessions to generate creative ideas
and solutions, from which Solution Ideas
emerge. The outcome of this stage consists of
key ideas or concepts deemed most effective in
addressing operational issues, which are
subsequently visualized in the prototype creation
stage.

2.4. Prototype

The best ideas from the ideate stage are
realized into testable prototype forms. The
prototypes range from low-fidelity, which
depicts rough ideas and designs serving as the
website's foundation for evaluation and user
feedback to high-fidelity, which produces
detailed designs and attractive visuals as the final
website design result, utilizing the design
software Figma.

2.5. Test

The Test stage is the final phase in the
Design Thinking approach to validate the
designed prototype [15]. To objectively measure
the level of usability and user satisfaction, this
research utilizes the System Usability Scale
(SUS) for evaluation. The study involved 20
respondents through the distribution of online
questionnaires, comprising 5 existing salon
customers and 15 potential customers
(individuals who have never visited the salon).
The results of this testing aim to refine the
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solution, identify deficiencies, and conduct
design iterations until an optimal solution is
achieved [16].

3.RESULT AND DISCUSSION

In this section, the results from each
stage of the UI/UX design process for the Ummu
Micco Salon website will be elaborated upon
using the Design Thinking approach. This
discussion encompasses the presentation of
problem findings from various stages, user
needs, the realization of design solutions, and
how the final evaluation results demonstrate the
solution's effectiveness in addressing business
operational constraints.

3.1. Empathize Stage

The Empathize stage serves as the
foundation of the design process, aiming to
establish a deep understanding of the users. In
this phase, the researcher conducted in-depth
interviews with the owner and several customers
of Ummu Micco Salon, alongside direct
observations at the research site. The objective
was to delve deeper into the experiences,
motivations, and difficulties they encountered.
Consequently, the researcher gathered core
problem data in the form of complaints and
concerns from both the owner and customers
through interviews, presenting the collected
results as shown in Table 1.

No Complaints
The owner desires an information
1 | system capable of attracting customers
to the salon.
Customers desire a transparent price list
2 | for each service to  prevent
misunderstandings.
Customers require an appointment
system to check schedule availability
and obtain salon contact details for
further inquiries.
Customers would value the ability to
4 | access comprehensive salon information
at any time.

Table 1. User Complaints

3.2. Define Stage

In this stage, the researcher aims to
identify and analyze the user complaints that
were conveyed in the previous stage. This
analysis process focuses on categorizing user
complaints into Pain Points and User Needs,
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which will subsequently serve as the foundation
for formulation in the subsequent stage.

No Pain Points User Needs
The owner | A  professional
acknowledges digital platform to
difficulties in | showcase service
reaching customers | information and a

1 | due to the lack of | portfolio to
effective enhance the
informational salon's appeal.

media to attract
customer interest.

Customers Customers
experience require easy and
hesitation and | transparent
concern regarding | access to the
potential service price list

misunderstandings | to establish trust.
due to the absence

of a transparent and

easily  accessible

price list.

Customers A system capable
experience of providing

uncertainty when | contact
attempting to make | information and
an appointment, as | facilitating direct
they lack sufficient | communication,

3 | information or a clear and
(neither  contact | structured system
details nor an | for  scheduling

appointment appointments and
system) to | receiving
determine  salon | schedule
availability. confirmation.
Customers face | Information that
limitations is easily

regarding salon | accessible
information, which | regardless of the
is not  easily | customer's
accessible location.
(restricted to on-
site banners).

Table 2. Pain Points and User Needs

Following the identification of Pain
Points and User Needs, the researcher proceeds
to formulate How Might We (HMW) statements
derived from these points, which are presented in
Table 3.

No How Might We
1 How Might We enable the salon owner
to professionally showcase service
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No How Might We
information and portfolios to attract
new customers?
How Might We present transparent and
2 | easily accessible price list information at
any time to establish customer trust?
How Might We create a clear system for
customers to  determine  salon
3 | availability, either through contact
information or an appointment system,
to eliminate uncertainty?
How Might We ensure that customers
can easily access all essential salon
information (services, prices, contacts)
from anywhere?

Table 3. How Might We

3.3. Ideate Stage

Following the clear definition of the
problems through the HMW formulations in
Table 3, the researcher proceeded to the Ideate
stage. This stage constitutes a brainstorming
session aimed at generating a diverse range of
ideas and creative solutions derived from the
preceding stage.

BRAINSTORMING

e Building a Prafsssional

Intuitive Havigation

page thatis
siseoveranle on the

website's homepage
th

Figure 2. Brainstorming

Based on the brainstorming results
above, the researcher determined the Solution
Ideas to be implemented in the website design,
aligned with user needs.

No Solution Idea

Designing an attractive  website
interface that serves as an easily
accessible and understandable source of
salon information for customers.
Creating several sections on the website,
comprising the Navbar (Navigation
2 | Bar), Hero section, Operational Hours,
Services, Price List, Testimonials,
Booking Appointment, and Footer.
Positioning clear and easily
3 | discoverable navigation within the
website's main menu.
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No Solution Idea
Creating a clear and unambiguous price
4 | list section display, corresponding to the
services available at the salon.
Developing an Appointment section
containing various form fields: Name,
5 | Phone Number, E-mail, Selected
Service, and Desired Message (for
scheduling or other inquiries).
An appointment system integrated with
the WhatsApp application, activated
after completing all form fields and
clicking the submit button.
Designing a  footer  containing
7 | comprehensive information regarding
Contacts, Address, and Location.
Creating an additional "About Us" page
8 | containing the salon's identity and
advantages.

Table 4. Solution Idea

3.4. Prototype Stage

Once the Solution Ideas were
established, the research advanced to the
Prototype stage. The objective of this stage is to
transform concepts into rough designs (low-
fidelity) and detailed designs (high-fidelity) so
that they are testable. This process is conducted
incrementally to validate the design concept,
ranging from structure to visual appearance.

3.4.1. Low-fidelity

Low-fidelity, also known as a
wireframe, is an initial visual representation
serving as a blueprint for the website design. This
stage constitutes a foundation focusing on
structure, information hierarchy, and
functionality, as shown in Figure 3.
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Figure 3. Wireframes

3.4.2. High-fidelity

High-fidelity, or mockup, is the final
representation and the evolutionary stage of the
low-fidelity framework. Building upon the
designed structure and layout, this stage focuses
on the application of visual elements to realize
the Solution Ideas established in Table 4 for the
Ummu Micco Salon website.

a. Navbar and Hero

Navbar and Hero sections constitute the
primary interface or the initial view of the Ummu
Micco Salon website. The function of the Navbar
is to facilitate users in locating desired
information, while the Hero serves to display a
brief identity of the salon. In this section,
customers can view details regarding the salon's
identity by clicking the 'View More' button, or
proceed to 'Book Now' to fill in appointment data
in the Appointment section.
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Figure 4. Navbar and Hero

b. Operational Hours

The subsequent section is the
Operational Hours section, which aims to
provide information regarding the operating
hours of Ummu Micco Salon.

Figure 5. Operational Hours

c. Services

Services section serves as an
informational component allowing customers to
ascertain the range of services available at
Ummu Micco Salon. This section utilizes an
automatic Slider or Carousel, thereby eliminating
the need for customers to manually scroll or
swipe to explore the services.
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Figure 6. Services

d. Price List

Price List section represents the
information most sought after by customers to
ascertain the service pricing at Ummu Micco
Salon; this information serves to ensure clear
price transparency.

Pricing
List

Trusted by Lovals of

Figure 7. Price List

e. Testimonials

Testimonials constitute a section for
customers to express reviews and feedback
regarding the services they have experienced at
Ummu Micco Salon. Here, customers can
provide star ratings and comments.

Trusted by Loyals of
Happy Customer

Figure 8. Testimonial

f- Booking Appointment
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The Booking Appointment section is a
feature designed to bridge the gap between
structured data entry and the owner's
communication habit. The specific novelty of
this section lies in its direct data integration.
When the customer clicks the 'Book' button, the
system does not merely open the application, but
automatically captures and formats the input data
into a WhatsApp message template. The
integrated data includes: (1) Name, (2) Phone
Number, (3) Date, (4) Time, (5) Selected
Service, and (6) Additional Message. This
ensures that the salon owner receives a complete
and standardized reservation request instantly,
eliminating the need for manual re-typing or
follow-up questions."

WE WOULD
\ LIKE TO
HERE FROM
YOU

Figure 9. Booking Appointment

g. Footer

The Footer is the bottom-most section
of the page, containing various essential
information such as the salon's Location,
Contacts, Address, and other details.

Figure 10. Footer

h. About Us

"About Us" is an additional page on the
Ummu Micco Salon website containing
background and supplementary information
regarding the salon. Within this page, there is an
"About" section presenting business identity
information, and a "Philosophy" section aimed at
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showcasing the advantages and values
consistently upheld by Ummu Micco Salon.

ABOUT US

Figure 11. About Us

3.5. Test Stage

The Test stage constitutes the final
phase aimed at validating the proposed design
solution. To objectively measure the level of
usability and user satisfaction, this study utilizes
the System Usability Scale (SUS) for evaluation,
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distribution of online questionnaires. The
respondents consisted of 5 existing salon
customers and 15 potential customers. The
solution addresses the operational pain points of
loyal customers while ensuring the system
remains intuitive and easy to learn for new users.
Respondents were provided with a link to the
developed prototype and requested to complete a
series of scenarios, such as locating service
information, viewing the price list, and
performing an appointment booking simulation.
Upon completion of these tasks, respondents
completed a questionnaire encompassing ten
evaluative statements. In the data presentation,
each statement is denoted as Q1 through Q10
(Question), utilizing a Likert scale of 1 (Strongly
Disagree) to 5 (Strongly Agree). Once the
respondents had completed the questionnaire,
score calculation was conducted in accordance
with the established SUS methodology: the score
for odd-numbered statements (1, 3, 5, 7, 9) is
calculated as the user's response minus 1,
whereas the score for even-numbered statements
(2,4,6,8,10) is calculated as 5 minus the user's
response. The total score from these ten
statements is then summed and multiplied by a
constant of 2.5.

involving 20  respondents  through the
Question SUS Score
No ol | oz ] 3 |04 05 | a6 ] a7 ] 08| Qo | qio Aggregate (Aiir;g)gate
1 4 3 3 4 4 3 3 4 4 4 36 90
2 2 3 3 2 3 2 2 2 2 2 23 57,5
3 4 4 4 4 4 4 4 4 4 4 40 100
4 2 4 3 4 3 4 3 4 3 4 34 85
5 3 2 3 3 3 3 3 3 3 2 28 70
6 2 2 3 1 3 2 2 3 3 2 23 57,5
7 2 3 3 4 3 4 3 4 3 4 33 82,5
8 2 4 4 4 4 3 3 3 3 3 33 82,5
9 3 2 3 1 3 3 3 2 2 1 23 57,5
10 2 2 3 2 3 2 3 2 3 2 24 60
11 2 3 3 2 3 3 2 3 3 3 27 67,5
12 3 3 4 3 4 4 3 4 3 4 35 87,5
13 4 4 4 3 4 4 2 4 3 4 36 90
14 3 3 4 3 4 4 2 4 3 3 33 82,5
15 3 4 4 4 4 3 3 3 3 2 33 82,5
16 4 4 4 2 3 4 3 3 3 3 33 82,5
56
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Question SUS Score
No ol | o2 103 |as] as|as]ar]as| ol ol Aggregate (A%ir’zfate
17 3 4 4 3 4 3 1 3 4 3 32 80
18 3 4 4 3 4 4 2 4 2 4 34 85
19 3 4 4 4 4 4 4 4 4 4 39 97,5
20 3 4 4 4 4 4 4 4 4 3 38 95
Total SUS Score 79.625

Table 5. SUS Score

Based on the SUS measurements
presented in Table 5, the evaluation yielded a
total SUS score of 79.625 from 20 respondents.
A score of 79.625 is situated above the global
SUS average, securing a Grade B, and is
classified within the "Acceptable" -category
based on global measurement standards [17] as
illustrated in Figure 12.

Detractor Passive
NPS:

Not Acceptable Marginal Acceptable

Acceptable:
Adjective: Worst imaginable Poor oK Good Excellnt Bestimaghabie

Grade: F D cC B A

! | |
sus score: 0 10 20 30 40 50 60 70 80 9 100

Figure 12. SUS Scoring Indicator

This high acceptability score reflects
that the design successfully reduces cognitive
load. The positive feedback, particularly from the
15 new potential customers, suggests that the
information architecture, specifically the clear
separation between 'Services', 'Price List', and
'Booking' is intuitive enough for first-time
visitors to navigate without guidance. This
indicates that the usability performance of the
Ummu Micco Salon website design surpasses
that of average systems, and users deem the
system feasible for use without significant
constraints.

4. CONCLUSION

Based on the preceding discussion, the
UI/UX design for the Ummu Micco Salon
website has successfully addressed the
operational challenges and digital transformation
needs of the MSME. The study confirms that the
implementation of the high-fidelity prototype
significantly resolves service management
inefficiencies. = Through  the  contextual
application of the Design Thinking method, this
study systematically mapped issues such as
appointment scheduling difficulties and price
transparency, subsequently synthesizing them
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into user-centered design solutions. These
solutions were realized in the form of a high-
fidelity prototype offering strategic features,
utilizing Figma software. The success level of
this design is demonstrated through measurable
scores from the System Usability Scale (SUS)
testing, involving the participation of 20
respondents. The testing results indicated a SUS
score of 79.625 on a scale of 0-100. Based on
global interpretation standards, this score secures
a position at Grade B and is classified within the
"Acceptable" category. This figure indicates that
the system's usability level resides above the
industry average; consequently, this website
design is validated as user-friendly and feasible
for implementation to support the business
sustainability of Ummu Micco Salon.

5. SUGGESTIONS

Based on the results and limitations of
this study, the following are suggestions for
future research:

1. This research is currently limited to the
design of a high-fidelity prototype using
Figma. Future research is suggested to
proceed to the technical development stage
by implementing the design into a functional
website using programming languages and
databases, allowing it to be utilized in a real-
world environment.

2. Currently, the appointment feature is
designed to integrate with the WhatsApp
application, which still necessitates manual
confirmation. Future studies could develop a
backend system integrated with a database
for real-time schedule management, enabling
customers to check time slot availability
instantly without waiting for a chat response.

3. The usability evaluation in this study
involved 20 respondents using the SUS
method. For future research, it is
recommended to increase the number of
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(1]

(2]

(3]

(4]

(3]

(7]

(9]

respondents across broader demographics or
combine SUS with other methods such as the
User Experience Questionnaire (UEQ) or Net
Promoter Score (NPS) to obtain a deeper and

more comprehensive analysis of user
satisfaction.
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Abstract

This study introduces the Paper Search Model Context Protocol (MCP) server, a unified
architecture enabling Large Language Models (LLMs) to autonomously search and retrieve academic
literature across heterogeneous platforms (arXiv, PubMed, bioRxiv, medRxiv, Semantic Scholar, and
CrossRef). By normalizing diverse metadata into a standardized schema, the system facilitates platform-
agnostic tool use. We evaluate this infrastructure by tasking GPT-4.1 and GPT-5.1 with generating
grounded literature reviews on Al applications in medicine, cybersecurity, and transportation, measuring
performance against retrieved abstracts using ROUGE and BERTScore. Results indicate that GPT-4.1
achieves superior semantic and structural alignment, particularly when grounded via CrossRef
(BERTScore F1 =0.881, ROUGE-L F1 = 0.375), outperforming GPT-5.1 across most metrics. While GPT-
5.1 demonstrates higher unigram recall (ROUGE-1 = 0.412 on arXiv), it exhibits lower structural fidelity.
These findings validate MCP as a robust integration layer for academic RAG systems and demonstrate that
standardized tool interfaces enable precise, quantitative assessment of LLM grounding capabilities.
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domain-specific corpora can substantially
improve factuality, recall, and user satisfaction in
scientific question answering and literature
exploration [1], [3]. For instance, Yadav and
Gopinathan [23] propose a monolithic RAG
pipeline using ColBERT and ChromaDB to
enhance literature analysis, while Lund [24]
highlights the prospects of RAG for academic
libraries. Biomedical RAG pipelines built over

1. INTRODUCTION

The rapid expansion of scientific
publishing has intensified the difficulty of
performing comprehensive, high-quality
literature reviews across multiple digital libraries
and indexing services. Researchers increasingly
depend on Al-powered academic search tools

that provide semantic search, recommendation,
and conversational interfaces to navigate large,
heterogeneous corpora. Existing systems such as
Semantic Scholar, PubMed, and CrossRef offer
strong coverage and robust search capabilities,
but they generally expose platform-specific APIs
or web interfaces rather than a unified,
tool-oriented protocol for Large Language
Models (LLMs). As a result, contemporary
retrieval-augmented generation (RAG) pipelines
are often tightly coupled to a single source, a
bespoke vector database, or an
application-specific integration layer, which
complicates  reuse, interoperability, and
systematic evaluation.

Recent work on academic RAG systems
has demonstrated that coupling LLMs with
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PubMed or institutional repositories employ
dense and sparse retrieval, query expansion, and
LLM-based evaluators to support
evidence-grounded responses [2], [3]. However,
these systems typically implement custom
adapters for each upstream data source. At the
infrastructure  level, large-scale metadata
providers such as the Semantic Scholar
Academic Graph and CrossRef supply
high-quality bibliographic records [4], [5], but
they do not by themselves specify how LLMs
should invoke tools or exchange typed context in
a standardized manner. Regional studies on
information systems and Al-enabled decision
support likewise highlight the importance of
robust data integration and performance
evaluation [9],[11].
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In parallel, the Model Context Protocol
(MCP) has emerged as a general-purpose
standard for connecting LLMs to external tools
and data sources through a structured JSON-RPC
interface [6], [7]. MCP introduces primitives for
tools, resources, prompts, and sampling,
enabling LLM clients to invoke capabilities in a
uniform way. Prior MCP-related studies focus
primarily on interoperability, security, and
multi-agent coordination [6], [8]. Nevertheless, a
critical technical gap remains in the architectural
standardization of these systems. Unlike the
monolithic pipelines described in [23], current
implementations suffer from "adapter fatigue",
relying on bespoke, hardcoded adapters for each
provider. There is limited work that applies MCP
to the specific problem of multi-platform
academic search, nor that evaluates how
MCP-mediated retrieval affects the lexical and
semantic  faithfulness of LLM-generated
literature reviews.

This paper addresses this gap by
introducing and empirically evaluating the Paper
Search MCP server, a domain-specific MCP
implementation for academic paper search and
retrieval. The server exposes standardized
search, download, and read tools over
heterogeneous scholarly platforms: arXiv,
PubMed, bioRxiv, medRxiv, Semantic Scholar,
and CrossRef, and normalizes their outputs into
a unified Paper representation consumable by
LLM clients. Unlike existing academic search
systems and RAG stacks that integrate individual
APIs directly into application logic or vector
databases, Paper Search MCP operationalizes
MCP primitives as a cross-platform abstraction
layer. This enables a single LLM client to issue
uniform tool calls across multiple sources, reason
over typed Paper objects, and generate grounded
literature reviews while preserving clear
provenance.

The main contributions of this work are:

e Unified MCP Architecture: We present a
concrete MCP-based architecture  for
multi-platform  academic  search  that
encapsulates platform-specific modules as
tools and normalizes responses into a
common Paper schema.

e Metric-Driven Evaluation: We propose a
methodology combining Lexical
ROUGE-N/L and Semantic BERTScore F1
to evaluate LLM-generated reviews against
retrieved abstracts.

e Comparative Analysis: We apply this
methodology to compare GPT-4.1 and
GPT-5.1, demonstrating that GPT-4.1
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grounded via CrossRef achieves higher
alignment than GPT-5.1, positioning Paper
Search MCP as a bridge between
protocol-level research and application-level
RAG systems.

2. THEORITICAL FRAMEWORK

2.1.1. Model Context Protocol

The Model Context Protocol (MCP)
represents a paradigm shift in how Large
Language Models (LLMs) interact with external
environments. Defined as a standardized
specification for connecting Al models to data
and tools, MCP abstracts the complexity of API
integrations into a uniform JSON-RPC interface
[12]. Recent studies have highlighted MCP’s role
in creating modular, secure, and interoperable Al
ecosystems. For instance, Xing et al. [12]
propose defense frameworks for MCP integrity,
underscoring its growing adoption as the critical
"connective tissue" between models and
sensitive data sources. Similarly, Song et al. [13]
identify that while MCP simplifies tool exposure,
allowing developers to define "resources" and
"tools" once and have them consumed by any
MCP-compliant client, it also necessitates robust
security considerations. In the context of this
research, MCP serves as the foundational
integration layer. Rather than building bespoke
connectors for each academic repository (e.g.,
arXiv, PubMed), the Paper Search MCP server
implements the protocol to expose a consistent
set of capabilities (search, download, read) that
the LLM can autonomously discover and invoke.
This aligns with findings by da Silva et al. [14],
who  demonstrated MCP’s  utility in
manufacturing for exposing diverse functional
capabilities to LLM agents without rigid
semantic modeling. By leveraging MCP, our
system decouples the LLM’s reasoning process
from the underlying data retrieval mechanics,
enabling a "tool-use" paradigm where the model
actively queries for information rather than
passively receiving context [15]. This project
directly applies these principles by implementing
a domain-specific MCP server that standardizes
academic search, thereby validating MCP's
utility in facilitating complex, multi-step
research workflows.

2.1.2. Large Language Model

Large  Language Models have
fundamentally altered the landscape of
information retrieval and synthesis. In the
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academic domain, Retrieval-Augmented
Generation (RAG) has emerged as the dominant
architecture for grounding LLM outputs in
verifiable scientific literature [16]. Bevara et al.
[16] discuss how RAG systems in academic
libraries combine the generative fluency of
models with structured retrieval from trusted
knowledge bases to enhance discovery. Tools
like vitaLITy 2 [17] and Valsci [18] exemplify
this trend, using LLMs to perform semantic
searches, verify claims, and generate literature
reviews. However, these systems often rely on
monolithic integrations with specific databases.
This research extends this framework by
employing LLMs (specifically GPT-4.1 and
GPT-5.1) not just as text generators, but as
autonomous agents that orchestrate the retrieval
process via MCP. This approach addresses the
"hallucination" problem by forcing the model to
explicitly retrieve and cite sources, a method
shown to improve the factuality and reliability of
scientific claims [18]. Our implementation
advances this field by demonstrating how MCP-
based agents can dynamically select the most
appropriate academic source for a given query,
moving beyond static, single-source RAG
pipelines.

2.1.3. Multi-Platform Academic Search
and Metadata Infrastructures

The fragmentation of academic
knowledge across disparate platforms poses a
significant  challenge for comprehensive
literature review. Infrastructures like Semantic
Scholar, CrossRef, and various preprint servers
(arXiv, bioRxiv) operate with distinct metadata
schemas and access protocols. Paulhe et al. [19]
emphasize the need for multi-platform digital
infrastructures to ensure data interoperability and
FAIR (Findable, Accessible, Interoperable,
Reusable) principles. In our research, the Paper
Search MCP server acts as a federation layer,
similar to the metadata management systems
described in [19], but optimized for real-time
LLM consumption. By normalizing the
heterogeneous outputs from these platforms into
a single "Paper" object, the system allows for a
direct, side-by-side comparison of search
efficacy across different providers. This aligns
with the goals of creating unified datasets for
multi-platform analysis [20], ensuring that the
LLM’s performance is evaluated against a
diverse range of scholarly sources rather than
being biased towards a single database. This
project operationalizes this concept by providing
a unified schema that abstracts away platform-
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specific idiosyncrasies, enabling seamless cross-
platform search and comparison.

2.1.4. Text Similarity and Grounding
Metrics

To quantitatively evaluate the quality of
LLM-generated literature reviews, this study
employs two complementary metrics: ROUGE
and BERTScore. ROUGE (Recall-Oriented
Understudy for Gisting Evaluation) is the
standard  metric  for  evaluating  text
summarization by measuring n-gram overlap
between the generated text and reference
documents [21]. Specifically, we utilize
ROUGE-N and ROUGE-L to assess lexical
faithfulness (how well the LLM preserves the
key terminology and phrasing of the source
abstract). However, lexical overlap alone is
insufficient for capturing the semantic nuances of
scientific writing. Therefore, we also employ
BERTScore, which computes similarity using
contextual embeddings from pre-trained BERT
models [22]. Zhang et al. [22] demonstrated that
BERTScore correlates better with human
judgment than n-gram metrics because it
captures semantic equivalence even when
different vocabulary is used. Recent evaluations
of abstractive summarization models, such as
Flan-T5, have successfully combined these
metrics to provide a holistic view of performance
[20]. In this research, these metrics serve as a
proxy for "grounding", measuring the extent to
which the generated review is factually and
semantically anchored in the retrieved academic
abstracts. By applying these metrics to the
outputs of our MCP-based system, we provide a
rigorous quantitative assessment of how well the
protocol facilitates the generation of accurate and
reliable scientific content.

2.1.5. Related Works

Table 1 summarizes key prior work
related to academic RAG systems and MCP-
based tool integration, highlighting how the
present study differs in scope and methodology.

Ref | Author Research Gap

[16] | Bevara | Does not define a
et al., | standardized protocol for
2025 tool invocation or compare
multiple scholarly platforms
under a single abstraction
layer.
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[17] | An et | Relies on specific back-end
al., integrations; does not use
2024 MCP and does not report
per-platform grounding
metrics such as ROUGE or

BERTScore.
[18] | Edelma | Focuses on batch claim
n & | verification, not on multi-

Skolnic | platform academic search or

k, 2025 | protocol-level =~ LLM-tool
interoperability.
[15] | Song et | Evaluates generic tool suites
al., rather than domain-specific
2025 academic search, does not
analyze lexical or semantic
alignment between
generated text and retrieved
papers.
[12] | Xing et | Focuses on adversarial
al., robustness, not on retrieval

2025 quality or grounding metrics
for literature reviews.

[19] | Paulhe | Operates at the metadata
et al, | layer only and does not
2022 involve LLMs, MCP, or
evaluation of generated text
grounded in  retrieved
literature.

Table I : Previous Studies

This work concentrates on a single,
multi-platform academic search, and evaluates
grounding quality using text similarity metrics
between LLM-generated reviews and retrieved
abstracts. Compared with prior academic RAG
systems such as vitalLITy 2 [17] and Valsci [18],
which integrate specific backends without a
standardized protocol, the Paper Search MCP
server operationalizes MCP as a cross-platform
abstraction layer and reports per-platform
ROUGE and BERTScore results for GPT-4.1
and GPT-5.1.

3.METHODOLOGIES

3.1.1. System Architecture

JSON - RPC HTTP/REST

LLM Client
(GPT4.1/GPT 5.1}

External RESTFul
APl Resources

Tool Calls APl

REQUEST

Paper Schema

Figure 1a. The System Architecture Overview

Figure 1la illustrates the high-level
architecture of the system, highlighting the role

Terakreditasi SINTA 5

p-ISSN :1858-3911 , e-ISSN : 2614-5405
https://journal.fkom.uniku.ac.id/ilkom

of the MCP server as the central orchestration
node. This design aligns with recent multi-agent
frameworks like Z-SPACE [25] and AID-Agent
[26], which emphasize the need for a dedicated
middleware layer to manage tool invocation and
data normalization.

Paper Search MCP Sarvar
UV Packages Server
{Dependencies)
FastMCP HTTPX (Asynchronous
Request)

LLM Client

( Security Module

Input Sanitization (Regex)

APl Key Management

{ Resilience Module Y

Rate Limiter (Exponantial
[ arxiv ] [ PublMed ] [ bioRxiv ] Backoff)

medRay | | Semantie | | o oo rar Error Handler (Retry logic,
Schalar Graceful degradation)

Figure 1b. The System Architecture of the Paper
Search MCP

Normalization Engine

Converts raw AP| data

Academic Platform Modules

Figure 1b shows core of this research is
the Paper Search MCP server, a unified
integration layer designed to bridge Large
Language Models (LLMs) with heterogeneous
academic databases. The system is built upon the
FastMCP framework, which implements the
Model Context Protocol (MCP) specification to
expose discrete functional capabilities as
standardized tools. The server utilizes ‘uv' for
dependency management and Chttpx' for
asynchronous HTTP requests, ensuring high-
throughput interaction with external APIs.

The server exposes a suite of tools that
LLMs can discover and invoke autonomously.
These include search arxiv, search pubmed,
search_biorxiv, search medrxiv,
search_semantic, search_crossref, and
search_google scholar for discovery; and
download paper and read paper for content
retrieval. This design abstracts the underlying
API complexities (e.g., REST vs. SOAP, XML
vs. JSON) into a uniform JSON-RPC interface.
To ensure interoperability, the system
implements a normalized Paper class. Regardless
of the source, whether it is a preprint from arXiv
or a peer-reviewed article from PubMed, all
retrieved metadata is mapped to a consistent
schema containing fields for paper id, title,
authors, abstract, doi, published date, and
source. This normalization allows the LLM to
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process and compare information from different
platforms without needing platform-specific
parsing logic.

The server integrates with eight distinct
academic platforms: arXiv, PubMed, bioRxiv,
medRxiv, Semantic Scholar, CrossRef, Google
Scholar, and IACR. Each platform is handled by
a dedicated searcher module that translates the
standardized MCP tool calls into the specific API
requests required by the provider. To ensure
system stability against external API failures, the
architecture incorporates a multi-layered error
handling strategy. Search operations utilize item-
level try-except blocks (e.g., in arXiv and
CrossRef modules), ensuring that a single
malformed metadata entry does not fail the entire
search request. The system implements
intelligent rate limiting to respect platform
quotas. Specifically, the Semantic Scholar
module employs an exponential backoff
algorithm (waiting 2" seconds on HTTP 429
errors), while the CrossRef module adheres to
"Polite Pool" protocols with automatic retries
and user-agent identification. In cases of PDF
retrieval failures, the system degrades gracefully
by returning available metadata without crashing
the server process.

The architecture addresses security
through strict input validation and secure
configuration management. To prevent injection
attacks or processing of malicious links, the
system employs strict Regular Expression
(Regex) validation when extracting URLs from
metadata disclaimers. API keys (e.g., for
Semantic Scholar) are managed via environment
variables, ensuring that sensitive credentials are
never hardcoded in the source. Furthermore, the
system implements User-Agent rotation,
randomly selecting from a pool of legitimate
browser signatures to maintain access continuity
while complying with platform terms of service.

3.1.2. Core Modules

The Paper Search MCP system is
composed of several core modules, each
responsible for a specific aspect of academic
paper search and retrieval. These modules work
together to process user queries, interact with
external scholarly platforms, and deliver
standardized results. The following table
summarizes the main modules and their primary
functions within the system:

| Module | Function |
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MCP Central coordinator; receives
Server client requests, routes queries,
and returns results.

arXivSea | Handles search and retrieval
rcher operations for arXiv preprints.
PubMed | Manages queries and downloads

Searcher | from PubMed biomedical
literature.

BioRxiv | Processes searches and

Searcher | downloads from bioRxiv
preprints.

MedRxiv | Interfaces with medRxiv for

Searcher | medical preprints.

Semantic | Integrates Semantic  Scholar

Searcher | search and retrieval.

CrossRef | Provides access to CrossRef

Searcher | citation and metadata services.

Search/D | Standardized tools for searching,

ownload | downloading, and reading papers.

Tools
Table II : MCP Modules and Functions

Table 1 lists the core modules of the
Paper Search MCP system. The MCP Server acts
as the central hub, coordinating all interactions
between clients and platform modules. Each
platform-specific searcher (e.g., arXivSearcher,
PubMedSearcher) is dedicated to
communicating with its respective academic
source, handling both search and download
requests. The Search/Download Tools provide a
unified interface for these operations, ensuring
consistent output formats and simplifying
integration. This modular structure allows for
efficient processing, maintainability, and
straightforward extension to support additional
platforms as needed.

3.1.3. Core Implementation Features

To ensure robust operation in a real-
world RAG environment, the system
incorporates specific technical mechanisms for
relevance, resilience, and data consistency:

o The system delegates relevance scoring to
the upstream providers to leverage their
specialized indexing algorithms. For
CrossRef, the “sort="relevance"” parameter
is explicitly enforced, while Semantic
Scholar's graph-based search algorithm is
utilized by default. This ensures that the
‘max_results=1" constraint retrieves the
provider's "best guess" rather than an
arbitrary entry.

e To maintain stability during high-
throughput tool use, the server implements
platform-specific resilience patterns. The
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Semantic Scholar module features an
exponential backoff strategy (‘wait_time =
2™) to handle HTTP 429 Rate Limit
responses gracefully. Conversely, the
CrossRef module implements a "Polite
Pool" protocol with fixed-delay retries and
contact-identifying User-Agent headers. At
the data processing level, all searchers
employ item-level “try-except’ blocks,
ensuring that a single malformed metadata
record (e.g., a missing author list) does not
cause the entire search operation to fail.

e A key innovation is the unified "Paper’
schema. The system implements specific
parsers for each platform that map
divergent fields (such as
‘externallds['DOI'T" in Semantic Scholar
versus 'DOI' in CrossRef) into a
standardized structure. This includes regex-
based extraction of PDF URLs from
disclaimer text and consistent date parsing,
allowing the LLM to reason over a uniform
data structure regardless of the source.

3.1.4. Sequence of Operations

The operational workflow of the Paper
Search MCP server follows a structured request-
response cycle governed by the Model Context
Protocol. The sequence begins with the
Initialization and Discovery phase, where the
LLM client establishes a connection with the
MCP server and queries the ‘ListTools®
endpoint. The server responds with a schema
definition of available capabilities, including tool
names (e.g., ‘search semantic’), descriptions,
and required arguments. This allows the LLM to
understand the available actions without prior
hardcoded knowledge.

Upon receiving a user prompt (e.g., "
Please generate a one-paragraph literature review
discussing the use of Al in medical sector."), the
system enters the Execution and Routing phase.
The LLM formulates a tool call request, which is
transmitted via JSON-RPC to the MCP server.
The server's internal router identifies the target
function and dispatches the request to the
appropriate  platform-specific module. For
instance, a request to ‘search crossref  triggers
the ‘CrossRefSearcher’ class. This module
constructs the necessary HTTP request, injecting
authentication headers and applying filters such
as publication year or sorting criteria.

The final phase is Normalization and
Response. The external platform returns raw
data, often in disparate formats like XML (arXiv)
or nested JSON (Semantic Scholar). The specific
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searcher module parses this raw output,
extracting critical metadata and mapping it to the
standardized "Paper’ class. During this process,
the system handles any necessary data cleaning,
such as resolving relative URLs or formatting
author lists. The normalized list of ‘Paper’
objects is then serialized back into JSON and
returned to the LLM. If the LLM determines that
full-text access is required, it initiates a
secondary cycle by invoking the ‘read_paper’ or
‘download paper’ tools, which fetch, process,
and extract text from the document's source URL
or PDF.

3.1.5. Experimental Setup

To evaluate the efficacy of the Paper Search
MCP server in supporting grounded literature
review generation, we conducted a comparative
experiment using two state-of-the-art LLMs:
GPT-4.1 and GPT-5.1. The selection of these
models was driven by the need to investigate the
trade-off between "instruction following" and
"abstractive reasoning." Recent studies suggest
that while advanced reasoning models (like GPT-
5.1) excel at complex synthesis, they may suffer
from "hallucination on hallucination" where
internal knowledge overrides retrieved context
[27]. Conversely, models optimized for
instruction following (like GPT-4.1) often
exhibit higher faithfulness to provided tools [28].

The experimental workflow proceeded
as follows:

e Initialization: The LLM client (Github
Copilot) connects to the Paper Search MCP
server and discovers available tools.

e  Query Formulation: The model receives the

prompt:  "Generate a one-paragraph
literature review on [Domain Topic] using
[Platform Name]."

e Tool Invocation: The model calls the
specific search tool (e.g., ‘search arxiv')
with the query (e.g., "Al in Cybersecurity")
and ‘'max_results=1".

e Retrieval & Normalization:The server
fetches the top result from the platform,
normalizes it into the "Paper’ schema, and
returns it to the model.

e Generation: The model generates a review
based only on the retrieved abstract.

e Evaluation: The generated text is compared
against the retrieved abstract using ROUGE
and BERTScore metrics.

For each  model-platform-domain
combination, we recorded the generated review
text and the full text of the top retrieved abstract.
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This set of abstracts served as the "ground truth”
for evaluating the factual alignment of the
generated content.

3.1.6. Evaluation Setup

We employed a multi-metric approach
to assess the quality of the generated reviews,
focusing on both lexical precision and semantic
faithfulness. We calculated ROUGE-N (N=1, 2)
and ROUGE-L scores to measure the n-gram
overlap between the generated review and the
source abstracts. ROUGE-1 captures unigram
overlap (informational content), ROUGE-2
captures bigram overlap (phrasing), and
ROUGE-L measures the longest common
subsequence (sentence structure). To account for
paraphrasing and synonymy, we utilized
BERTScore. This metric computes the cosine
similarity between the contextual embeddings of
the candidate text and the reference text,
providing a robust measure of semantic
equivalence that correlates well with human
judgment.

Recognizing the importance of
precision in automated retrieval, we adopted a
strict scoring strategy. We limited the search tool
to return only the single most relevant abstract
(‘max_results=1") for each query. This constraint
eliminates the selection bias inherent in choosing
the best match from multiple candidates and
isolates the model's grounding capability from its
ranking capability. As noted by Zhao et al. [29],
precise attribution in RAG systems is best
evaluated when the retrieval context is
unambiguous, preventing the "lost in the middle"
phenomenon common in larger context
windows. Accordingly, we computed the
ROUGE and BERTScore between the generated
review and this single retrieved abstract. The
final reported scores represent the mean values
across the evaluation set, providing a robust
measure of the system's average grounding
capability. The evaluation parameters were set as
follows:

e Models: GPT-4.1 (Preview), GPT-5.1
(Preview)

e Retrieval Limit: ‘'max_results=1"

e Metrics: ROUGE-1, ROUGE-2, ROUGE-
L, BERTScore (F1)

e Normalization Schema: ‘Paper(id, title,
authors, abstract, published date, source,
url)’

4. RESULTS AND DISCUSSION

4.1.1. MCP Model Implementation
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Before examining the quantitative
metrics, we first verified that the Paper Search
MCP server was correctly integrated and
discoverable by the LLM client. The "mcp.json’
configuration exposed the ‘paper search_server
under the tools section, enabling GPT-4.1 and
GPT-5.1 to call functions such as
‘search_semantic’,  ‘search crossref’,  and

‘search_pubmed’ directly from the chat
interface.

Figure 3. Server Tools Discovery after Start

During interaction, the client issued
natural-language prompts such as "Please
generate a one-paragraph literature review
discussing the use of Al in the medical sector,
utilizing your Paper Search MCP capabilities and
the Semantic Scholar search tool." The MCP
client then translated this request into a
structured “CallToolRequest’, targeting the
appropriate search tool.

on:13

Please generate a one-paragraph literature review
discussing the use of Al in medical sector, utilizing your
Paper Search MCP capabilities and the Semantic scholar
search tool!

Figure 4. Chatbot Prompt

Figure 5. MCP Server Processing the Sources
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Figure 6. Sample results from the MCP
Search_semantic tools

Server-side logs confirmed that the MCP server
successfully processed these requests. For
example, when ‘search semantic’ was invoked,
the server printed a sequence of messages
indicating progress through the result set
("Processing paper 1/12" through "Processing
paper 12/12"), demonstrating that the Semantic
Scholar module iterated over each returned item
from the API. The corresponding tool trace in the
client showed the exact JSON-RPC payload sent
to the server, including the expanded query string
(e.g., "artificial intelligence applications in
healthcare and medicine clinical decision support
diagnostic imaging electronic health records
deep learning large language models"), the year
filter (2019-2025), and the ‘max results’
parameter. The tool output contained a
normalized "Paper’ object with fields such as
‘paper_id", ‘title’, ‘authors’, and ‘abstract’,
confirming that the platform-specific response
had been successfully mapped into the unified
schema.
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Figure 7. Normalized Final Results

Finally, the LLM used these normalized "Paper’

objects as grounding context to generate the
literature review paragraphs that appear in the
*Copilot Generated Output’ column of the results
CSV. The screenshots and logs thus provide
qualitative evidence that the full MCP
pipelineconfiguration, tool discovery, tool
invocation, platform integration, and response
normalization,operated as intended. The
quantitative  analyses in the following
subsections build directly on this verified MCP-
mediated interaction.

4.1.2. Data Overview and Processing
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Table III : Sample Of Processed Results

The experimental evaluation generated
a dataset of 36 distinct query-response pairs,
comprising 18 samples for GPT-4.1 and 18 for
GPT-5.1, covering all supported academic
platforms across the three domains. The raw
results were recorded in a structured CSV format
containing the retrieved abstract (Ground Truth)
and the model's generated review (Prediction).
For each row, we computed four key metrics:
ROUGE-1, ROUGE-2, ROUGE-L, and
BERTScore. Table I presents a representative
excerpt from the processed dataset, illustrating
how specific model outputs are paired with
source abstracts and assigned quantitative scores.
This row-level data forms the basis for the
aggregated performance analysis.

4.1.3. Overall Model Performances with
the MCP

03
0.2 I
0.1
. |
ROUGE-1 ROUGE-2 ROUGE-LF1 BERTScore F1

Recall Recall

EGPT 4.1 GPT 5.1
Figure 8: Overall Model Performances

The evaluation results, summarized in
Figure 8, reveal distinct performance
characteristics between the two models. GPT-4.1
demonstrated superior semantic grounding and
structural fidelity, achieving a higher mean
BERTScore F1 (0.829) and ROUGE-L FI
(0.251) compared to GPT-5.1 (0.810 and 0.175,
respectively). This performance differential can
be attributed to the models' differing
architectural priorities regarding instruction
following versus abstractive reasoning. GPT-4.1
appears to prioritize "faithfulness" to the
retrieved context, adopting a more extractive
summarization strategy that closely mirrors the
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sentence structure and vocabulary of the source
abstract. This behavior is advantageous in RAG
scenarios where precision and adherence to the
source are paramount.

Conversely, GPT-5.1 achieved a higher
mean ROUGE-1 recall (0.385 vs. 0.328),
indicating it captured a larger volume of
individual keywords from the source abstracts.
However, its significantly lower ROUGE-L
score suggests that it synthesizes this information
into a new structural form, rather than preserving
the original phrasing. While this indicates
stronger "abstractive" capabilities, in the context
of grounded literature review, it introduces a risk
of semantic drift. GPT-5.1 tends to hallucinate
plausible-sounding but non-existent connections
or generalize beyond the specific scope of the
retrieved abstract, leading to a lower
BERTScore. Thus, while GPT-5.1 is more
"creative" in its synthesis, GPT-4.1 remains the
more reliable engine for strictly grounded
academic tasks where fidelity to the source text
is the primary metric of success..

4.1.4. Platform-Specific Analysis

Mod | o | ROUG | ROUG | ROUG | BERTSc
el E-1 E-2 E-L ore
GPT | CrossR | 545 | 0235 | 0375 | 0881
41 | of

GPT | Semant | o305 [ o158 | 032 0.845
4.1 ic

GPT | medRxi | 35 0115 | 0252 | 0.842
4.1 v

GPT | Semant |, 1o 0158 | 0218 | 0.839
5.1 ic

?‘l’ T 'V“dR“ 0385 | 0092 | o158 | 0819
SC";T Arxiv | 0412 | o102 | 0195 | 0808

Table IV : Detailed Performance by Platform

The performance of the models varied
significantly = across  different  academic
platforms, as detailed in Table IV. GPT-4.1
achieved its highest alignment scores when using
the CrossRef tool, with a BERTScore F1 0f 0.881
and ROUGE-L F1 of 0.375. This indicates that
the structured metadata provided by CrossRef
facilitates high-quality grounding. Similarly, the
Semantic Scholar tool yielded strong results for
GPT-4.1 (BERTScore F1 = 0.845), reinforcing
the value of curated academic APIs.

In contrast, GPT-5.1 showed mixed
results. While it achieved its highest ROUGE-1
recall (0.406) using the arXiv tool, its ROUGE-
L F1 on the same platform was relatively low
(0.193), suggesting that while it retrieved
relevant keywords, it struggled to synthesize
them into a structurally cohesive review.
Notably, both models performed well on
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medical-specific platforms like medRxiv and
PubMed, with GPT-4.1 achieving a BERTScore
F1 of 0.840 on medRxiv, highlighting the
effectiveness of domain-specific sources for this
task.

4.1.5. Qualitative Analysis of Grounding
Errors

A qualitative examination of the
generated reviews reveals that the strict
‘max_results=1" constraint exposed significant
sensitivity to search relevance. For instance, the
arXiv search for "AIl in transportation"
occasionally retrieved physics papers (e.g., on
"transport properties” in quantum materials) due
to keyword overlap. In these cases, GPT-4.1
attempted to bridge the gap by discussing
"computational methods," resulting in lower
semantic alignment scores. However, when the
retrieved abstract was highly relevant (e.g., from
medRxiv or Semantic Scholar), both models
demonstrated strong grounding capabilities. This
underscores the critical role of the retrieval step
in RAG pipelines; even the most advanced LLM
cannot fully compensate for irrelevant source
material. Future iterations of the Paper Search
MCP server could benefit from an intermediate
re-ranking step to ensure that the top-ranked
paper passed to the LLM is semantically aligned
with the user's intent.

5. LIMITATIONS

This study is subject to several practical
and methodological limitations that constrain the
generalizability of the findings. First, the Paper
Search MCP server was deployed locally within
Visual Studio Code on a single Windows 11
laptop (Intel Core 17-13620H, 64 GB RAM) and
accessed primarily through GitHub Copilot and
compatible MCP clients. As a result, the
evaluation reflects the behavior of a single-user,
single-machine setup rather than a distributed,
production-grade deployment; issues such as
concurrent access, network variability, and
server-side scaling were not examined. Second,
although the server integrates multiple academic
platforms, the experimental configuration
enforced a strict "'max_results=1" setting for all
tools to enable fair, mean-based scoring. While
this design removes selection bias in the metrics,
it also amplifies the impact of any retrieval error,
since an off-topic abstract automatically
degrades the alignment scores for that run.

Third, while we expanded the
evaluation to three domains (medicine,
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cybersecurity, transportation), the task remained
limited to one-paragraph literature review
generation. Other query formulations or
generative tasks (multi-paragraph reviews,
question answering, or claim verification) may
yield different relative behaviors between
models and  platforms.  Fourth, the
implementation relies on the default behavior of
upstream APIs, including their evolving search
algorithms, rate limits, and coverage; platform
changes over time may affect reproducibility
unless the underlying snapshots of metadata are
preserved. Finally, the use of automatic metrics
such as ROUGE and BERTScore, while standard
in summarization research, only approximates
human judgments of grounding quality. The
study does not include human expert evaluation,
so subtle aspects of factual correctness, clinical
nuance, and citation appropriateness may not be
fully captured by the reported scores.

To address these limitations, future
technical iterations should incorporate an
intermediate "re-ranking" middleware that
fetches a larger candidate set (e.g,
‘max_results=10") and uses a lightweight cross-
encoder to select the most semantically relevant
paper before passing it to the LLM. Additionally,
implementing "multi-hop" reasoning strategies,
where the model can iteratively refine its search
queries based on initial results would likely
improve robustness against keyword
mismatches.

6. CONCLUSION

This study presents the first domain-
specific implementation of the Model Context
Protocol (MCP) for multi-platform academic
search, establishing a new benchmark for
standardized, tool-augmented literature review.
By operationalizing MCP as a unified integration
layer, we successfully bridged the gap between
Large Language Models and heterogeneous
academic repositories (arXiv, PubMed, bioRxiv,
medRxiv, Semantic Scholar, and CrossRef),
enabling autonomous discovery and retrieval
without bespoke API adapters. The experimental
evaluation yielded a counter-intuitive but critical
finding: the older GPT-4.1 model significantly
outperformed the more advanced GPT-5.1 in
semantic grounding and structural fidelity
(BERTScore F1 = 0.829 vs. 0.810). This result
challenges the assumption that reasoning
capability alone guarantees better tool use,
highlighting the importance of instruction-
following precision in RAG pipelines.
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The broader impact of this work lies in
transforming academic RAG from a "black-box"
application into a transparent, measurable
engineering discipline. We demonstrated that
protocol-level standardization allows for precise,
side-by-side comparison of retrieval sources and
model behaviors, attributing performance
differences directly to the interaction between the
model's grounding strategy and the platform's
metadata quality. As Al agents increasingly
mediate scientific discovery, such standardized,
verifiable integration frameworks will be
essential for ensuring the reliability and
trustworthiness of automated research assistants.
Future work should extend this paradigm to
include human-in-the-loop validation and
explore "agentic" workflows where models
autonomously verify citations against full-text
sources, further closing the loop on
hallucination-free scientific generation..

7. RECOMMENDATION

To further enhance the capabilities and
impact of the Paper Search MCP system, several
recommendations are proposed. First, expanding
the range of supported academic platforms and
improving integration with emerging databases
will increase the system’s utility for diverse
research fields. Second, incorporating advanced
natural language processing techniques and
machine learning models could improve the
accuracy and relevance of search results and
automated summaries. Third, developing a user-
friendly interface and providing comprehensive
documentation will facilitate broader adoption
among researchers and institutions. Finally,
ongoing evaluation and feedback from users
should be encouraged to guide future
development and ensure the system continues to
meet evolving research needs. Future work may
extend this framework to additional domains,
more complex review tasks, human-in-the-loop
assessments, and larger-scale MCP deployments
beyond a single local environment
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Abstract

The development of digital technology in Indonesia has driven the growth of application-
based transportation services such as Gojek. However, amid this growth, user dissatisfaction with
pricing strategies often appears in social media reviews, but has not been systematically explored
as a basis for optimizing delivery pricing using an automated text mining approach. Nevertheless,
empirical studies that explicitly utilize sentiment analysis as a foundation for delivery pricing
optimization remain limited. Existing sentiment analysis studies on online transportation services
have mostly focused on overall service satisfaction, with limited attention to how sentiment
patterns reflect customer price sensitivity. This study aims to analyze user sentiment as a
diagnostic basis for evaluating and supporting delivery pricing optimization strategies. A
comparative evaluation of four text representation methods: TF-IDF, Bag-of-Words (BoW),
Word2Vec, and TF-IDF with Chi-Squared feature selection was conducted using 282 Gojek-
related reviews collated from X (Twitter). The results of the experiment show that the Naive Bayes
model with BoW representation achieved the best performance, with 70% accuracy and an F1-
score of 0.68, outperforming more complex approaches. Further analysis identifies that negative
sentiment correlates with the keywords “expensive” and “promo,” providing a strong indication
that pricing issues are a major point of concern for customers. These findings serve as a basis for
management to optimize dynamic pricing strategies based on real-time user feedback.
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1. INTRODUCTION

In the current digital era, rapid
information technology development has
driven digitization in various sectors,
including the modern technology-based
transportation sector [1]. In Indonesia, the
presence of transportation e-commerce
applications such as Gojek has become an
important part of people’s lives. These
applications offer a range of services, from
transportation booking, goods delivery,
online food ordering, to digital payments,
which have made the land transportation
industry more open and highly competitive
in attracting consumers [2].

As the number of users of the
application increases, the number of reviews
posted on social media also increases [3].
These reviews contain a range of responses,
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both positive and negative, as well as neutral
ones, reflecting wuser satisfaction and
dissatisfaction with the services received.
This review data is very valuable, not only
for companies to evaluate service quality,
but also for potential users as this review
data can be used as a consideration [3][4].
However, the large amount of review data
makes manual analysis ineffective, requiring
automated methods such as sentiment
analysis to process and understand public
opinion from the large number of reviews
[5]. Although many previous studies have
applied sentiment analysis to evaluate
overall service satisfaction in online
transportation services, most of these studies
focus on general services quality indicators
and do not explicitly analyze user sentiment
related to price perception, especially in the
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online  transportation  ecosystem in
Indonesia. In addition, comparative studies
evaluating how different text representation
methods  capture signals of  price
dissatisfaction from social media data
dominated by informal language and slang
are still limited. This condition indicates a
research gap between sentiment analysis
methodology and its practical application in
delivery price optimization. In this context,
sentiment analysis serves not only as a tool
to assess user satisfaction but also as an
indicator of customer price sensitivity. By
identifying  patterns of  price-related
complaints in user reviews, sentiment
analysis can provide empirical support for
evaluating and optimizing delivery pricing
strategies in  competitive  app-based
transportation services.

Previous research in the field of text
mining shows that classification algorithms
such as Naive Bayes and Support Vector
Machine (SVM) have been widely applied.
One of the challenges in the data, where
models tend to provide higher accuracy
results for the majority class compared to the
minority class [6]. Several recent case
studies have also begun to switch to using
Deep Learning methods [7][8]. However,
comparative evaluations that systematically
assess the effectiveness of various text
representation techniques particularly TF-
IDF, Bag-of-Words (BoW), Word2Vec, and
Chi-Squared feature selection within a
single  experimental framework  for
Indonesian language online transportation
reviews are still scarce.

Therefore, this study aims to analyze
the performance of the Naive Bayes
algorithm in classifying the sentiment of
Gojek user reviews by comparing four
different text representation methods. The
primary objective is to identify the most
effective representation for a limited but
realistic Indonesian social media dataset.

The novelty of this research lies in
its explicit positioning of sentiment analysis
as a diagnostic tool for delivery pricing
optimization, rather than merely as an
assessment of overall service satisfaction. In
addition, this study provides a comparative
evaluation of four text representation
methods to identify the most effective
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approach for a limited but realistic
Indonesian social media dataset.
Understanding the classification and
information mining processes is crucial for
identifying meaningful trends from user
review data [9]. To ensure that the data
development process is valid and
standardized, this study applies the CRISP-
DM (Cross-Industry Standard Process for
Data Mining) framework, which is still
recognized as the de facto standard in
various modern data science projects [10]

2. RESEARCH METHOD

This research was conducted
through a series of systematic stages that
adapted the CRISP-DM (Cross-Industry
Standard Process for Data Mining)
framework. CRISP-DM was chosen because
its methodology has been proven to be the de
facto standard in modern data science
project management for more than two
decades [16]. In addition, its flexible nature
allows this model to be developed into a
process-based assessment approach (process
mining) [11], and comprehensively adapted
for various data engineering and technical
needs across multiple application domains
[12]. The entire research process, from data
collection to model evaluation. The general
research process can be seen in the figure 1.

2.1. Data Collection

The dataset used in this study was
obtained via web scraping from social media
platform X (Twitter) using the snscrape
library. The keywords used were “Gojek”
and “Gojek app.” Data collection was
conducted between May 21, 2025, and July
2, 2025. From this process, a total of 282
relevant review tweets were collected. This
data was then saved in CSV format for
further processing.
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Application of Sentiment
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I Model Evaluation I

!

Analysis of Results and
Conclusions

Figure 1 Research Stage

2.2. Dataset Description

The dataset consists of 282 Indonesian-
language tweets related to Gojek services
collected from the X (Twitter) platform
between May 21, 2025, and July 2, 2025,
using the keywords “Gojek” and “Gojek
app”. The tweets represent short and
informal user-generated content commonly
found on social media.

Although the dataset size is relatively
small compared to large scale sentiment
analysis studies, it reflects a realistic and
practical scenario frequently encountered in
early stage analytical studies and internal
business evaluations. The limited number of
tweets may affect the generalizability and
external validity of the findings, particulary
in capturing rare or nuanced sentiment
patterns. Therefore, the result of this study
are intended to provide exploratory and
comparative insights into model
performance  rather than  definitive
conclusions.
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For model evaluation purposes, the
dataset was divided into training and testing
sets using an 80:20 split ratio with stratified
sampling, ensuring that the original
sentiment distribution was preserved across
both subsets. Further details regarding the
evaluation metrics and experimental setup
are described in the model evaluation stage.

To improve clarity and transparency,
Table 1 presents sample examples of tweets
before and after the preprocessing stage.

Table 1 Sample of Text Preprocessing Results

Original Tweet Preprocessed
Text
Naik Gojek gak harus | naik gojek gak
mabhal! Pakai | mahal pakai

#GojekHemat dapetin | dapetin diskon tiap
DISKON tiap  hari | hari mulai rpan aja
mulai dari Rp5.000-an | tetep nyaman tetep
ajal Tetep nyaman. | aman tetep irit cek
Tetep aman. promonya aplikasi
sekarang

Tadi dapet abang Gojek | tadi dapet abang
Tuna Rungu beliau info | gojek tuna rungu
by chat dan terpampang | beliau info chat

Namanya di Aplikasi. | pampang nama
Luckily aplikasi luckily

Tiba-tiba logout sendiri | tibatiba logout
dari aplikasi gojek dan | sendiri aplikasi
gak bisa login karena | gojek gak login
technical issue. Ada | technical issue

yang mengalami juga | alami gaaak
gaaak?
gara-gara  hujan  tp | garagara hujan ken
pengen makan akhirnya | makan akhir
gofood aja pake promo | gofood aja pake
buat gofood. jadi ngga | promo buat gofood
boros juga krn dapet | jadi ngga boros krn
diskon dari | dapet diskon
GOTEDXPU gotedxpu

2.3. Data Preprocessing

Before text data is processed or
handled by algorithms, first perform the
preprocessing stage to remove unnecessary
elements and adjust the text format for
consistency. This process involves several
steps, including :

1. Case Folding: Change all letters to
lowercase.
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2. Cleansing: Removing unnecessary
elements such as numbers, punctuation
marks, URLSs, and hashtags.

3. Tokenizing: Breaking down sentences
into their constituent words.

4. Stopword Removal: Removing
common words that have no
sentimental ~meaning using the
Indonesian NLTK Library.

5. Stemming: Reducing inflected words to
their root form.

2.4. Automatic Sentiment Labeling

Sentiment labels were generated
using a rule-based lexicon approach by
identifying predefined positive and
negative keywords commonly used in
Indonesian social media texts. Reviews
containing positive keywords were
labeled as positive, reviews containing
negative keywords were labeled as
negative, while the remaining reviews
were classified as neutral. This
approach was applied to provide an
efficient initial labeling mechanism for
a limited dataset dominated by informal
and short text. To reduce labeling noise,
a subset of the automatically labeled
data was manually reviewed to ensure
consistency between the assigned labels
and the expressed sentiment.

2.5. Feature Extraction

The text that has gone through the
cleaning stage will then be converted into
numerical format so that it can be processed
by the algorithm. In this study, three main
approaches were used to form this
representation, including :

1. TF-IDF : This is a method used to
calculate word weight and as the main
representation because it is able to
emphasize words that have significant
meanings in a document. This method
is commonly used in data mining to
highlight specific words [13].

2. Bag of Words (BoW) : used as a
comparison by only considering the
frequency of word occurrence without
considering the global context [14].
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3. Word2Vec : using a pre-trained word
embedding model (100-dimensional
GloVe) in which each sentence is
represented as the average vector of its
constituent words [15].

In addition, this study also applied the Chi-

Squared feature selection method on TF-

IDF representation to select the 1000 most

relevant features and reduce the data

dimension. The application of algorithms in
data mining, such as Naive Bayes, is highly
dependent on the selection of appropriate

features to produce optimal accuracy [15].

2.6. Naive Bayes Algorithm

In this study, the main algorithm
used is Naive Bayes, which is a probabilistic
classification method based on Bayes'
theorem. The flowchart of the Naive Bayes
process used in this study can be seen in the
figure 2.

The Training Stage Prediction Stage

Input New Review
Text Preprocessing

Text processing

Calculate Posterior Probability Using
Calculate the Prior Probability Model
P(C) for Each Class
| ‘Compare Probability Results |
Calculate the p
P(word|C) for each word l

Select Class With Highest

Save Probability Model

Figure 2 Flowchart

The basic formula of Bayes' theorem for
classification can be written as follows :

(PXIC)-P(C) (D

P(C|X) = P00

Where P(C|X) is the posterior probability of
class C given feature X, P(X|C) is the
likelihood, P(C) is the prior probability, and
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P(X) is the marginal probability of the
observed data. In the context of text
classification, X is a document consisting of
words x1, x2, ..., xn. Assuming feature
independence, the formula for predicting the
class of a document is simplified to

Cprediksi = argP(C) 1_[ P(xi|C)

i=1
Where Ciextpreaiksi 1S the class selected
because it has the highest probability value

Table 2 Algorithm Naive Bayes Classification

Algorithm 1 : Naive Bayes Classification

Output : prediction class Cpqp

1 TRAIN : Count P(c) for eachclass ¢ €
c

2 TRAIN : Count P(w|c) for every word
w in the vocabulary

3 TEST : for each test document
d

4 Cpap =arg arg c € Cllog
P(c)+ log P(w|c)]

5 RETURN Crgp

2.7. Data Splitting and Model Evaluation

The dataset was divided into
training and testing sets with an 80:20
split ratio using stratified sampling to
maintain  the original sentiment
distribution. Model performance was
evaluated using accuracy, precision,
recall, F1-score, and confusion matrix
analysis.

2.8. Class Imbalance Consideration

The sentiment dataset shows class
imbalance, with neutral sentiment as
the majority class. Resampling
techniques were not applied in this
study in order to preserve the original
data distribution. The impact of class
imbalance on classification
performance is discussed as a limitation
in this study.

2.9. Implementation Environment

All experiments were implemented
using Python on Google Colab. Scikit-
learn was used for classification, NLTK
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and Sastrawi for text preprocessing,
and Gensim for Word2Vec modeling.

3. RESEARCH RESULTS

The results of this study present
empirical data obtained from a series of
experiments, without accompanying
opinions or in-depth interpretations, in
accordance with the evaluation stage of the
CRISP-DM methodology.

3.1. Sentiment Distribution and
Visualization

A total of 282 reviews were
collected and processed through
preprocessing and automatic sentiment
labeling based on a predefined lexicon. The
sentiment distribution results shown in
Figure 3 indicate that the Neutral class is the
largest category (49.3%), followed by the
Positive class (32.3%) and the Negative
class (18.4%).

Distribusi Label Sentimen

1401

120

100 A

801

60

Jumlah Data

40

20

0

T T T
negative neutral positive
Sentimen

Figure 3 Sentiment Label Distribution

The most frequently appearing
words in each sentiment group are visualized
in the form of word clouds, as shown in
Figure 4, Figure 5, and Figure 6.

wordclcud Sentimen: positive

di apllkasla a yang
ln]ﬁ'” pake® J app']"" ic
baru

wapl 1kas j

l t u belum ap%}diga?d}lvegrojé,k
dariaku ('U )i nes Jali)nghey 51

bisa

Figure 4 Positive Sentiment Word Cloud
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Wordcloud - Sentimen: neutral
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Figure 5 Neutral Sentiment Word Cloud

Wordcloud - Sentimen: negative
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Figure 6 Negative Sentiment Word Cloud

Figures 4-6 illustrate dominant word
patterns across sentiment classes. Positive
reviews are characterized by usability-
related terms, neutral reviews contain
informational expressions, while negative
reviews frequently include pricing-related
keywords such as “mahal” and “promo,”
indicating user sensitivity toward delivery
costs.

3.2. Classification Model Performance

Testing of the Naive Bayes
algorithm model was conducted by applying
four types of text representation. The
evaluation results, which include Accuracy,
Precision, Recall, and Fl1-score values for
each scenario, can be seen in the table 3.

Table 3 Accuracy Results Table

Model Acc. | Prec. | Rec. | F1
Naive Bayes + 0.46
TE-IDF 0.56 0.77 | 0.56
Naive Bayes +
BoW 0.70 0.72 0.70 | 0.68
Naive Bayes +
Word2Vec 0.51 0.57 0.51 | 0.52
Naive Bayes
+ TF- | 0.53 0.57 | 0.53 | 0.39
IDF+Chi2

Based on the results,the
combination of the Naive Bayes algorithm
with Bag-of-Words (BoW) representation
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achieved the best overall performance, with
an accuracy of 0.70 and an F1-score of 0.68.
This finding indicates that a simple word
frequency-based representation is more
stable and effective for short and informal
social media text compared to more complex
approaches. The TF-IDF representation
produced lower performance, with an
accuracy of 0.56 and an Fl-score of 0.46,
which may be caused by uneven word
distribution and the dominance of certain
sentiment classes in the dataset.

The  Word2Vec-based  model
achieved an accuracy of 0.51 and an F1-
score of 0.52, suggesting that the sentence-
level vector averaging process led to the loss
of important contextual information in short
texts. Similarly, the application of Chi-
Squared feature selection on TF-IDF further
reduced model performance, resulting in an
accuracy of 0.53 and an Fl-score of 0.39,
indicating that dimensionality reduction
removed features that were still relevant for
sentiment classification.

Overall, the BoW + Naive Bayes
model demonstrates the most balanced and
stable performance among all evaluated
methods. A more detailed analysis of
classification errors and class-specific
prediction behavior is further discussed
through confusion matrix analysis in Figure
7.

Confusion Matrix - Bow + Naive Bayes 20

Zi Zi =

- 10

I
[=]

1,

True Label
Positive Meutral MNegative
I
N

| |
Negative Neutral Positive
Predicted Label

Figure 7 Confusion Matrix BoW+Naive Bayes

In addition to the BoW model, Confusion
Matrix analysis was also performed on three
other representation scenarios, namely TF-
IDF, Word2Vec, and TF-IDF with Chi-
Square features. The evaluation results of
these scenarios show different performance
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patterns for each model. The following is an
explanation and visualization of the three
Confusion Matrix analysis model scenarios :

1. Model TF-IDF + Naive Bayes
This model performs well in identifying
the neutral class, but shows poor
discrimination for positive and negative
sentiments, with most non-neutral
instances misclassified as neutral. This
indicates a strong majority-class bias
and limited capability in distinguishing
sentiment polarity in short and informal
texts. Here is the visualization.

Confusion Matrix - TF-IDF + Naive Bayes
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z 20
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2
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Negative Neutral Positive

Predicted Label

Figure 8 Confusion Matrix TF-IDF+Naive
Bayes

2. Model Word2Vec + Naive Bayes
The Word2Vec-based model
shows a more dispersed and
inconsistent prediction pattern across
sentiment classes. This indicates that
sentence-level vector averaging is less
effective in preserving sentiment
polarity in short and informal
Indonesian  social media texts,
resulting in frequent misclassification
between neutral, positive, and
negative classes, as illustrated in the
confusion matrix
Confusion Matrix - Word2Vec + Naive Bayes

14
1 2
12
10
4 8
-6
7 El 6

True Label
Positive Neutral Negative

-4

-2

I ! |
Negative Neutral Positive
Predicted Label

Figure 9 Confusion Matrix Word2Vec+Naive

Bayes
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3. Model TF-IDF + Chi-Squared + Naive
Bayes
This model shows good and perfect
accuracy for the neutral class, but fails to
recognise the other two classes. All 11
negative data points were incorrectly
predicted as neutral, and of the 18
positive data points, only 2 were
classified correctly. This shows that the
Chi-Squared feature selection process led
the model to lose several important
features, resulting in a strong bias
towards the majority class. The following
is a visualisation of this

Confusion Matrix - TF-IDF + Chi2 + Naive Bayes
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Figure 10 Confusion Matrix TF-IDF + Chi-
Squared + Naive Bayes

Experiments with these three models
reinforce the finding that BoW is the most
accurate representation balanced and stable
for this dataset, while TF-IDF, Word2Vec,
and TF-IDF+Chi2 show a tendency toward
the neutral class and weakness in handling
sentiment class imbalance.

3.3. Confusion Matrix Analysis and
Baseline Comparison

To further analyze the classification
behavior of each model, confusion matrix
analysis was conducted for all text
representation scenarios. This analysis
provides a more detailed understanding of
how each sentiment class is predicted and
where  misclassifications occur. The
confusion matrix summary and baseline
comparison were derived analytically from
the confusion matrix visualization and
sentiment distribution results, respectively.

3.3.1.Confusion Matrix Summary for
BoW + Naive Bayes
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Based on the experimental result, the
Bag-of-Words (BoW) representation
combined with the Naive Bayes classifier
achieved the best overall performance. The
confusion matrix for this model is presented
in Figure 7, while a summarized numerical
interpretation is shown in table 4.

Table 4 Confusion Matrix Summary for BoW +
Naive Bayes

Sentiment | True False False
Class Positive | Positive | Negative

(TP) (FP) (FN)

Negative 3 2 8

Neutral 20 4 8

Positive 17 11 1

The result indicate that the model
performs well in dentifying positive
sentiment, with 17 out of 18 instances
correctly classified and only one instance
misclassified as neutral. The neutral class is
also reasonably well recognized, with 20
correct predictions out of 28 instances.
However, the negative class shows weaker
performance, as only 3 out of 11 negative
reviews were correctly classified, while the
remaining  instances =~ were  mostly
misclassified as neutral or positive. This
pattren reflects the impact of class imbalance
and overlapping sentiment expressions
commonly found in short informal texts.

Overall, the BoW + Naive Bayes
model demonstrates a balanced and stable
classification behavior compared to other
representations, particularly in recognizing
dominant sentiment classes.

3.3.2. Comparison with Baseline Classifier
To assess whether the proposed model
provides meaningful improvement, a
baseline comparison was conducted using
a majority class classifier, where all
instances are predicted as the neutral class.
Given that neutral sentiment accounts for
approximately 49.3% of the dataset, the
baseline accuracy is 0.49.

Table 5 Performance Comparison with
Baseline

Model Accuracy
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Majority Class 0.49.
Baseline

Naive Bayes + 0.70
Bow

Compared to basic classification, the
BoW + Naive Bayes model achieved a
significantly higher accuracy of 0.70,
indicating that the proposed approach is
capable of capturing meaningful
sentiment patterns beyond simple
classification. This improvement proves
that sentiment classification results are
not only influenced by class distribution,
but also by the effectiveness of text
representation and probabilistic learning
approaches.

3.3.3.Comparison Across Text
Representation Methods

Further confusion matrix analyses were
also conducted for the TF-IDF, Word2Vec,
and TF-IDF with Chi-Squared feature
selection models, as illustrated in Figures
8-10. The TF-IDF-based model shows a
strong bias toward the neutral class,
successfully classifying all neutral
instances but failing to distinguish positive
and negative sentiments. The Word2Vec-
based model exhibits more dispersed
predictions, indicating difficulty in
capturing sentiment polarity using
averaged word embeddings for short
informal texts. Meanwhile, the TF-IDF +
Chi-Squared model further amplifies
majority class bias, resulting in severe
misclassification of minority sentiment
classes.

These results reinforce that, for a
limited and informal Indonesian social
media dataset, the BoW representation
provides the most stable and balanced
performance, outperforming more
complex feature representations in
terms  of  overall classification
reliability.

4. DISCUSSION

This section explains or elaborates
on an in-depth analysis of the experimental
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results described earlier, highlighting the
effectiveness of feature representation,
model  performance  patterns, and
characteristics of Gojek user review data that
influence classification results in relation to
the research objective of evaluating
sentiment-based insights for delivery pricing
optimization.

4.1. Analysis of Feature Representation
Effectiveness on Model Performance

The results in Table 2 show that the
combination of Naive Bayes with Bag-of-
Words (BoW) representation is the most
effective approach for the dataset in this
study. With an accuracy of 0.70 and an F1-
score of 0.68, BoW provides the best
prediction stability compared to other
methods. These findings indicate that for
small-scale review data consisting of short
text, raw word frequencies are sufficient to
describe  sentiment patterns  without
requiring complex weights or embeddings.

Theoretically, this result aligns with
the probabilistic assumption of Naive Bayes,
which  benefits from discrete and
independent feature distributions such as
term  frequencies.  Empirically, the
dominance of repeated sentiment-related
keywords in short Gojek reviews
strengthens BoW effectiveness, as these
words  directly  influence  posterior
probability estimation.

Conversely, the TF-IDF
representation resulted in lower performance
(accuracy 0.56), likely because the inverse
document frequency weighting reduced the
importance of frequently occurring words
that still carry sentiment in informal Gojek
reviews. The Word2Vec-based approach
also showed limited effectiveness (accuracy
0.51), as sentence-level vector averaging led
to contextual information loss, which is
critical for distinguishing sentiment polarity
in short texts. Similarly, the application of
Chi-Squared feature selection on TF-IDF
further decreased performance (accuracy
0.53), indicating that aggressive feature
reduction removed relevant sentiment-
related terms, particularly in a small-scale
dataset.
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4.2. Confusion Matrix Analysis and Class
Imbalance

Evaluation using the Confusion
Matrix (Figure 7) shows that the model tends
to be more accurate in identifying majority
classes, especially positive and neutral ones.
This can be seen from

e Neutral: 20 out of 28 data points were
classified correctly, while the rest were
incorrectly mapped to positive and
negative.

e Positive: relatively stable performance,
with 17 out of 18 data classified
correctly.

e Negative: is the most challenging class
to recognise, because out of a total of 11
data points, only three were correctly
classified, while the rest were
incorrectly distributed to either the
positive or neutral classes.

These results confirm that class imbalance
(imbalanced data) has a significant impact
on the classification process. Models tend to
be safer by predicting the class that is far
more dominant in the training data, a
phenomenon commonly reported in
sentiment analysis studies involving social
media data with uneven class distributions.

4.3. The Challenge of Non-Standard
Indonesian in Sentiment Analysis

Based on the word patterns in the
Word Cloud, many reviews contain non-
standard terms such as “gak,” “yg,”
“pastiadadijalan,” or repeated words that
reflect the user's emotions. This variation
makes it difficult for TF-IDF and Word2Vec
representations to accurately capture
sentiment meaning. Pre-trained embeddings
based on standard language corpora often
fail to recognize slang, mixed languages, or
short sentence structures commonly found
on social media platforms.

This condition explains why simple
methods such as BoW are more stable or
consistent than methods that rely on
semantic distribution or weights between
documents, particularly in  informal
Indonesian social media contexts.

80


http://u.lipi.go.id/1180426802
http://u.lipi.go.id/1513576278
https://sinta.kemdikbud.go.id/journals/?q=NUANSA%20INFORMATIKA

NUANSA INFORMATIKA
Volume 20 Nomor 1 January 2026

4.4. Consistency of Findings with Previous
Research

The findings related to BoW
dominance and the importance of
preprocessing are consistent with the results
described by Sentiana's research[13], which
shows that text cleaning quality has a
significant  effect on  classification
performance. Furthermore, the model
performance patterns in this study are in line
with the principles described by Senubekti
and Dewi[14], which state that feature
representation selection must consider the
available data distribution, especially when
the dataset is small and unbalanced.

Beyond consistency, this study
extends prior work by empirically
demonstrating that simpler representations
may outperform more complex embeddings
when applied to real-world, short, and
informal Indonesian user reviews.

4.5. Implications of Findings for System
Development

The dominance of neutral sentiment
and the pattern of complaints found in the
negative Word Cloud indicate that most
users are neither completely satisfied nor
dissatisfied, but remain sensitive to specific
issues. Notably, several negative sentiment
keywords are related to pricing perceptions,
such as complaints about cost, promotions,
or value received.

From a practical standpoint, the
BoW + Naive Bayes-based automated
model can serve as an initial monitoring
system to detect recurring pricing-related
complaints and sentiment shifts in user
reviews. Such insights support delivery
pricing evaluation by identifying user
sensitivity to price changes, promotional
effectiveness, and perceived fairness of
delivery fees. This demonstrates that
sentiment analysis can be operationalized as
an early warning system for pricing
dissatisfaction, enabling Gojek to adjust
delivery pricing strategies based on real user
feedback rather than manual review alone.

4.6. Direction for Further Research
Development
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Based on the limitations identified,
further improvements could focus on:

e Handling class imbalance using
SMOTE, class weighting, or data
augmentation

e The wuse of Indonesian language
Transformer-based models, such as
IndoBERT, to handle more complex
semantic contexts

o The development of text representation
capable of recognizing non-standard
Indonesian language forms, including
slang, abbreviations, and spelling
variations.

This approach is expected to improve the

model's weakness in recognizing minority

classes and improve the overall quality of
predictions.

5. CONCLUSION

This study evaluated  the
performance of the Naive Bayes algorithm
for sentiment classification of Indonesian-
language Gojek user reviews using the
CRISP-DM framework. Experiments on 282
tweets from the X (Twitter) platform
demonstrate that text representation plays a
critical role in classification effectiveness,
particularly for short and informal social
media texts.

Among the evaluated approaches,
the Bag-of-Words (BoW) representation
achieved the best performance, with an
accuracy of 70% and an Fl-score of 0.68,
outperforming TF-IDF, Word2Vec, and TF-
IDF with Chi-Squared feature selection.
This confirms that simple frequency-based
representations can be more effective than
complex models when applied to small and
imbalanced datasets.

From a scientific perspective, this
study contributes empirical evidence that
lightweight probabilistic models remain
competitive in real-world Indonesian social
media contexts. Practically, the identified
pricing-related sentiment patterns indicate
that sentiment analysis can be used as an
early analytical tool to support delivery
pricing evaluation by capturing customer
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price  sensitivity and  promotional
effectiveness, thereby supporting more data-
driven delivery pricing optimization
strategies.

6. RECOMMENDATION

Based on the findings and
limitations identified in this study, several
recommendations are proposed to enhance
the accuracy, robustness, and practical
relevance of future sentiment analysis
research :

1. Class Imbalance Handling : Further
research should apply class imbalance
handling techniques such as class
weighting or SMOTE to improve the
detection of minority sentiment classes.
This is particularly important because
pricing-related complaints are
commonly expressed in negative
sentiment, which plays a critical role in
delivery pricing evaluation.

2. Dataset Expansion and Multi-
Sources: Further studies should expand
the dataset by collecting reviews from
additional platforms such as Google
Play Store and App Store. Reviews
from these platforms are generally
longer and more detailed, allowing
more explicit identification of pricing
dissatisfaction and  promotional
effectiveness.

3. Advanced and Context-Aware
Models: The use of more advanced
models, including Support Vector
Machine (SVM) and transformer-based
models such as IndoBERT, is
recommended to better capture
contextual and implicit pricing-related
sentiment in informal Indonesian texts,
especially when combined with
balanced data strategies.

4. Aspect-Based Sentiment Analysis for
pricing Optimization : Future research
should implement aspect-based
sentiment analysis by focusing on
specific pricing-related aspects, such as
delivery cost, promotion availability,
perceived fairness, and value-for-
money. This approach would enable
sentiment analysis results to be directly
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translated into actionable insights for
delivery pricing optimization.
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Abstract

Pusinfolahta TNI currently faces critical inefficiencies in personnel administration due to reliance
on manual spreadsheet calculations and decentralized local storage for dossier documents. This manual
workflow poses significant risks to data security, accuracy, and retrieval speed. To address these
limitations, this research developed the Personnel Data and Dossier Processing System (SI-PANDA)
utilizing the Rapid Application Development (RAD) method to ensure iterative improvements based on user
feedback. The system is constructed upon a three-tier architecture comprising a Native PHP backend,
MySQL database, and a responsive web interface. Testing results demonstrate significant performance
improvements: the system achieves a page load time of 1.2 seconds and near-instant calculation speed
(0.05 seconds) for tenure and retirement estimation, ensuring 100% calculation accuracy. Furthermore,
Blackbox testing confirmed the validity of all functional requirements, including the automated backup
mechanism and search filters. The main contribution of this study is the delivery of a secure, integrated
digital framework that successfully transitions Pusinfolahta TNI from manual processing to a reliable web-

based environment, specifically adapted to meet military administrative standards.
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1. INTRODUCTION

The TNI Information and Data
Processing Center / Pusat Informasi dan
Pengolahan Data TNI (Pusinfolahta TNI) is a
Central Executive Agency at the TNI
Headquarters (Mabes TNI) level, operating
directly under the command of the TNI
Commander. Its primary mission is to prepare,
manage, and present information and data related
to the development and deployment of TNI
forces [1]. To facilitate and support effective
administrative operations, Pusinfolahta TNI
relies on a data processing and personnel dossier
information system.

However, the current system has
limitations regarding automatic data calculation
and dossier document management.
Consequently, data recording is predominantly
performed using spreadsheet applications like
Microsoft Excel, while dossier management
remains locally stored via file explorer. This
situation poses risks to data security and
reliability, as well as limiting rapid access to
personnel information when required.

Various related studies have been
conducted to address personnel administration
and document management issues. For instance,
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recent research [2] has highlighted the urgency of
implementing Electronic Document
Management Systems (EDMS) within the E-
Government environment to enhance public
administration  efficiency and auditability.
Similarly, other studies [3] have focused on
developing secured cloud-based document
systems utilizing encrypted security mechanisms
to prevent unauthorized access.

These studies predominantly focus on
civil institutions or commercial enterprises and
do not fully accommodate the complexity of
military requirements. As identified in strategic
studies for the Indonesian National Army (TNI)
[4], the military environment requires specific
and integrated information systems to support
defense operations, which include precise
assignment history calculations and strict data
security.

The objective of this research is to
design a new information system named SI-
PANDA (Personnel Data and Dossier Processing
System / Sistem Pengolahan Data dan Dosir
Personel). This system incorporates several
improvements over the previous system
regarding data calculation and dossier
management to ensure the processed information
meets operational requirements. Furthermore, it

84


http://u.lipi.go.id/1180426802
http://u.lipi.go.id/1513576278
https://sinta.kemdikbud.go.id/journals/?q=NUANSA%20INFORMATIKA
mailto:*1xxxx@xxxx.xxx
mailto:sulthanasyirah@gmail.comx
mailto:2xxxx@xxxx.xxx
mailto:eryan.firdaus@idu.ac.id

NUANSA INFORMATIKA
Volume 20 Nomor 1 January 2026

aims to enhance data security, reliability, and
overall efficiency in data management.

Beyond practical benefits for the
organization, the academic contribution of this
research is a proposed information system
architecture framework that integrates Digital
Document Management Systems with multi-
level data security protocols adapted for the
military environment. This enriches the software
engineering literature, particularly in the domain
of Human Resource Information Systems
(HRIS) within the defense sector, which
demands high standards of reliability and
confidentiality to mitigate cyber defense risks

[5].

2. RESEARCH METHODOLOGY

This research applies the Rapid
Application Development (RAD) method,
selected for its capability to accelerate system
development through rapid prototyping,
continuous feedback, and iterative
improvements [6]. The RAD phases are aligned
with the practical work execution focuses on
identifying system requirements and problem
scope [7].

Protatype

Perencanaan Desain - . ol .
Kebutuhan Sistem ngembangan mplementasi
Refine WE__ Test

Image 1. Rapid Application Development

To ensure the system addresses the
specific operational challenges at Pusinfolahta
TNI, data collection was conducted through
interviews and observations with Pusinfolahta
TNI organic staff. The study analyzes current
workflow deficiencies to ensure the new design
meets organizational needs. The requirements
analysis determined the system's core features, a
web-based system with efficient dossier
document management system, automatic data
calculation, search filters, also data security and
system reliability supported by authentication
and an automated backup system.

This electronic dossier system contains
personnel administration documents designed to
support data management, facilitating integrated
search, storage, and archive security within the
TNI  environment;  specifically, scanned
documents are grouped and assigned
identification codes based on 32 data eclements,
categorized into Soldier (Prajurit) and Civil
Servant (PNS) data [8]. The system requirements
shown in Table 1.
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Requirement Description
Dossier The system must allow
Management | uploading, viewing, and
organizing scanned
documents based on 32
personnel data elements
(Prajurit & PNS).

The system must
automatically calculate
tenure, retirement dates, and
rank progression based on
input data.

Search & | The system must provide
Filtering advanced search capabilities
by Name, NRP/NIP, Rank,
or Unit.

CRUD The system must support
Operations Create, Read, Update, and
Delete operations for
personnel records.

Security The system must implement
authentication
(Login/Logout) and role-
based access control.

The system must include an
automated backup
mechanism to prevent data
loss.

Performance | The web interface must be
responsive and load within 3
seconds.

Table 1. System Requirements

Automatic
Calculation

Reliability

The User Design phase involves the
iterative design of system architecture and user
interfaces utilizing the Unified Modeling
Language (UML). UML is a graphic-based
language used to visualize, specify, construct,
and document Object-Oriented  software
development systems [9], including Use Case
Diagrams, Activity Diagrams, and Flowcharts
alongside Entity-Relationship Diagrams (ERD)
for relational database structuring [10].

The Construction phase follows,
focusing on coding based on the approved
design, employing HTML, CSS, and JavaScript
for a responsive frontend, and native PHP for
backend logic, CRUD operations, and file
management without additional frameworks.
The database is implemented using MySQL as
the RDBMS, with XAMPP serving as the local
server environment. Accordingly, this system is
constructed using a three-tier architecture: 1.
Frontend Layer (Presentation), The web-based
user interface developed with HTML, CSS, and
JavaScript. 2. Backend Layer (Logic), A native
PHP server responsible for handling
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authentication, CRUD operations, automatic
calculations, and file management. 3. Database
Layer (Data), Manages MySQL data storage
alongside a structured file directory for dossier
documents.

Finally, the Cutover phase encompasses
system testing and implementation, where
Blackbox Testing is applied to validate input and
output functions without inspecting internal code
structures to ensure the application fully meets
Pusinfolahta TNI requirements prior to handover

[11].
3. RESEARCH RESULT

3.1. System Architecture

System architecture refers to the
fundamental organization of a system, embodied
in its components, their relationships to each
other, and the environment, often enabling the
spatial and physical separation of databases,
computational engines, and user interfaces to
enhance flexibility and scalability [12].
Accordingly, this system is constructed using a
three-tier architecture comprising a Frontend
Layer, a Backend Layer, and a Database Layer.
The Frontend Layer serves as the web-based user
interface developed with HTML, CSS, and
JavaScript, while the Backend Layer functions as
a PHP server responsible for handling
authentication, =~ CRUD  operations, file
management, and the backup system.
Furthermore, the Database Layer manages
MySQL data storage alongside file storage for
dossier documents. %

Admin

Frontend Layer
Web Browser
(HTML/CSS/JavaScript) File Storage
Son!

Backend Layer \
| PHP Server }—>|File Managementl

N\

I Authentication I |CRUD Operatlonl | Backup System I

i

Database Layer \

’ tb_Personel || admin

Backup Storage
| Backup/

vw_personel_

to_Pendidikan
lengkap

tb_Dokumen

Image 2. System Architecture

3.2. Flowchart
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Flowcharts are employed to represent
the specific algorithmic steps and process flow
within the program structure [13]. The proposed
system flowchart aims to enhance efficiency,
security, and reliability in the management of
personnel data and dossiers at Pusinfolahta TNI.

&
|

Admin Login

v

Admin manages personnel data

v

Data is stored in database

v

Admin uploads personnel dossier )

D are stored in
and linked to personnel data

(Admin View Personnel detail using

S A S SR

search filter

Image 3. Flowchart

3.3. Use Case Diagram

A Use Case Diagram is utilized to
model the system's functional requirements by
visualizing the interactions between users
(actors) and the system capabilities [14]. In this
context, the Admin possesses full access rights to
manage all data and information contained
within the system.

few Dashboard
Home
£ackup Personnd
,Apata and Dossie
View Profile
<<Extend>>
Belete Personne
% Data
llew Personnel <§E>dend>>
Data and Dossier }-
Lst

<<Extend>>_(Export Personnel

flew Personnel
Data and Dossier
Details _/

“<<Extend>>__ Export Personnel

Adiin Documents
‘Add Personnel
Data N z<Extend=>
Add Personnel

. Dossier
<<Extend>> Documents

 Extonds Polete Personne

- Dossier
Documents
<+ ecExtend>> -
Plelete Personn@

Dossier

<<Extend>: Documents
- pelete Personn
Dossier
Documents

Image 4. Use Case Diagram

Data

3.4. Entity Relationship Diagram

The  Entity-Relationship ~ Diagram
(ERD) is designed to model the database
structure by defining the entities, their attributes,
and the relationships between data to ensure data
integrity [15]. The tb_personel table stores the
personal and administrative data of soldiers and
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is linked via a one-to-many relationship with
tb_pendidikan and tb_dokumen. Furthermore, a
database View (vw_personel lengkap) is
implemented to perform real-time automatic
calculations for age, length of service, and
estimated retirement dates.

th_personel Admin

PK: id_pers - INT PK:id - INT

username : VARCHAR(50) UNIQUE
password : VARCHAR(255)

role : ENUM('admin’,'user’)
created_at : TIMESTAMP
updated_at : TIMESTAMP

nrp : VARCHAR(20)

nama : VARCHAR(100)
gender : ENUM(L','P")
pangkat : VARCHAR(50)
korps : VARCHAR(50)
jabatan : VARCHAR(100)
tempat_lahir : VARCHAR(100)
tanggal_lahir : DATE

agama : VARCHAR(10)

suku : VARCHAR(20)
gol_darah : VARCHAR(5)
alamat : TEXT

telepon : VARCHAR(15)
email : VARCHAR(100)

nik : VARCHAR(16)

no_kk - VARCHAR(20)
npwp : VARCHAR(25)
no_bpjs : VARCHAR(20)
nama_ayah : VARCHAR(100)
nama_ibu : VARCHAR(100)
status_nikah : VARCHAR(20)
nama_pasangan : VARCHAR(100)
tgl_nikah : DATE

vw_view_pers_personel_lengkap

All fields from tb_personel

“ |usia : INT (calculated)
*{tahun_lahir : INT (calculated)
tgl_pensiun : DATE (calculated)
masa_dinas : DECIMAL (calculated)
tmt_dinas : DATE (calculated)

One to Many
lama_dinas : DECIMAL (calculated)

tb_dokumen

p-ISSN :1858-3911 , e-ISSN : 2614-5405

no_surat_nikah : VARCHAR(50)
suku_pasangan : VARCHAR(20)
1gl_lahir_pasangan : DATE

PK: id_dokumen : INT
FKid_pers : INT
FK id_pendidikan : INT

tmt_bahabatan : DATE
tmt_dinas : DATE
tmt_purnawirawan : DATE
sumber_masuk : VARCHAR(50)

jenis_dokumen : VARCHAR(100)
nama_file : VARCHAR(255)
path_file : VARCHAR(500)
tanggal_upload : DATETIME
keterangan : TEXT

Many fo Many

One to Many

tb_pendidikan Ops o Many

One to Many
PK: id_pendidikan : INT
FKid_pers : INT

kategori : ENUM(umum’,'militer’)
jenjang : VARCHAR(50)
nama_sekolah : VARCHAR(200)
nama_diklat : VARCHAR(200)
tahun_mulai : YEAR
tahun_selesai : YEAR

tb_dokumen_pendidikan

Oneto Mi'g‘ PK:id: INT

FK: id_pendidikan : INT
FK: id_dokumen : INT

Image 5. Entity Relationship Diagram

3.5. Activity Diagram

Activity diagrams are utilized to model
the workflow of a business process, illustrating
the sequence of activities, decision points, and
control flows within the system [16]. It
comprises several key activities, including
logging in, adding data, updating data, and data
management.

3.5.1. Login Activity
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Admin

System

Input Username & Password

Click Login Button

Valigate Form and Credentials

Display “Login
Falled” Message

Create Session &
Redirect to
Dashboard

Image 6. Login Activity

3.5.2. Add New Data Activity

Admin

System

Click Add Personnel Menu

Input Personnel Data and Dossier
Form
Click Save

Validate Data & Dossier

Save to Database Dispiay Efioy
Message

Image 7. Add New Data Activity
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3.5.3. Update Data Activity

Admin System

Click Edit Personnel Menu
Input New Personnel Data and
Dossier Form

Click Save

Validate Data & Dossier

Update Database

Display Error
Message

Image 8. Update Data Activity

3.5.4. Data Management Activity

Admin System

Click Personnei List Menu

Retrieve Data from Database
Display Data Table

Image 9. Data Management Activity

3.6. System Interface

The system interface is designed to
provide a user-friendly and visually coherent
layout that effectively supports efficient
personnel data processing and minimizes
administrative errors [17].

3.6.1. Login Interface

Image 10. Login Interface
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3.6.2. Add New Data Interface

&,

Image 11. Add New Data Interface

3.6.3. Update Data Interface

Image 12. Update Data Interface

3.6.4. Data Management Interface

Image 13. Data Management Interface

3.7. Blackbox Testing

Blackbox testing was conducted on the
key features, yielding the following results:

Feature Test Result
Scenario
Login Entering Success
valid and | (Validation
invalid active;
credentials. | session
locked after 5
failed
attempts).
Data CRUD Success (Data
Management | operations stored in DB;
(Create, input
Read, validation
Update, active).
Delete) on
personnel
data.
Dossier Uploading Success
Management | PDF/Image | (Files stored
in server
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documents | directory and
(<5MB). linked to
DB).
Search Searching Success
Filters some data | (System
with filters. | showed
related data).
Backup System Success
perform (System
Automated | Stores
Backup Backup
Data Automatic)

Table 2. Blackbox Testing

3.8. Quantitative Performance Analysis

To ensure the system meets operational
efficiency standards, quantitative performance
testing was conducted focusing on page load
speed and calculation accuracy in internal
usinfolahta TNI server.

Metric | Measured Analysis
Page 1.2 The lightweight
Load seconds native PHP
Time architecture ensures

rapid access even on
standard internal
networks.

The database View

Calcula | 0.05

tion seconds (vw_personel lengk

Speed ap) processes age
and tenure
calculations
instantly.

Backup | 12 Backup for 1000

records is efficient
and does not disrupt
server performance.
Table 3. quantitative performance testing

Speed Seconds

3.9. User Acceptance Test (UAT)

User Acceptance Testing (UAT) was conducted
with 5 staff members from Pusinfolahta TNI to
measure usability and user satisfaction. The
testing utilized a Likert scale (1-5) questionnaire.

Criterion Average Interpretation
Score (1-5)
Ease of Use | 4.4 Users found
(Usability) the interface
intuitive
Functional 5 Features match
Suitability the daily
administrative
workflow.
Visual 4.2 Text and
Clarity layout are
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clear and easy

to read.
Overall 4.53 The system is
Satisfaction ready for

deployment.

Table 4. User Acceptance Test (UAT)

3.10.  System Comparison

The comparison shows that the new
personnel data and dossier processing system
provides a more integrated, secure, and efficient

web-based  solution compared to  the
predominantly ~ manual,  device-dependent
methods of the current system.
Comparison | Current New
Platform Tends to Utilizes a
rely on web-based
desktop system.
application
s
Data Tends to be | single

Management | Performed | database, data
using calculation

desktop and storage
application | are
s. automated.
Dossier Tends to be | Stored within
Management | stored a document
locally management
system.
Data Security Features
Security and | depends on | authentication
Reliability user and
devices automated
backup.
Time Search and | Data search
Efficiency update and updates
processes are performed
are time- automatically
consuming | and rapidly.

Table 5. System Comparison

In a practical context, SI-PANDA
directly resolves the critical field issue of
administrative bottlenecks caused by manual
data processing. By automating tenure and
retirement calculations, the system eliminates
human errors inherent in the legacy spreadsheet
method, ensuring that decision-makers at Mabes
TNI have immediate access to accurate and
verified personnel data for strategic deployment.

4. CONCLUSION

Based on the design, implementation,
and testing results utilizing the Rapid
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Application Development (RAD) method, the
Personnel Data and Dossier Processing
Information System (SI-PANDA) has been
successfully implemented to resolve critical
administrative bottlenecks at Pusinfolahta TNI.
Specifically, the system addresses the reliance on
manual spreadsheet calculations and vulnerable
local file storage by transitioning to a centralized
web-based architecture. This shift delivers a
significant operational impact, where the
integration of automatic logic calculations
ensures accuracy in personnel tenure and
retirement dates, while the digital dossier
management feature drastically reduces
document retrieval time from minutes to
seconds, providing decision-makers with real-
time data for strategic deployment.

Furthermore,  data  security s
substantially improved through Role-Based
Access Control and automated backup
mechanisms that mitigate the risks of
unauthorized access and data loss. However, this
study  acknowledges certain  limitations,
including the system's deployment within a local
server environment (XAMPP) which limits
remote accessibility, the reliance on manual
input for legacy data due to the absence of
Optical Character Recognition (OCR), and the
interface optimization which is currently
restricted to desktop web browsers.

5. RECOMMENDATIONS

For further development, it is
recommended to add an Audit Log feature to
monitor user activity in detail, as well as
integration with the TNI Single Sign-On (SSO).
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Abstract

Monitoring the distance between individuals in public spaces remains relevant for crowd
management, operational safety, and risk mitigation in public service. Manual inspections are
difficult to carry out consistently and in real time, thus requiring an automated machine vision-
based system. This research proposes a safe distance monitoring pipeline that detects humans,
calculates the proximity between individuals. Human detection is performed with YOLOv4 and
the CSPResNeXt50 backbone, then the center of the bounding box is used as a position
representation. The distance between centroids is calculated using Euclidean Distance and
calibrated based on camera parameters, thus that it can be mapped to distance units. To obtain
a stable training configuration, two optimizers (Adam and SGD) are compared at two learning
rates (1E-2 and 1E-3). Test results show that Adam with a learning rate of 1E-3 provides the best
performance, achieving 96% object detection accuracy. The distance calculation module
achieves 90% accuracy in determining the actual and predicted distances in optimal camera
installation scenarios, with an average processing speed of 60 fps. These findings demonstrate a
fast and practical approach for camera-based public space safety. Additionally, the backbone
comparison shows that CSPResNeXt50 is slightly superior to DarkNet50, making it suitable for
lightweight implementation on edge devices in real-time.
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1. INTRODUCTION

The density and proximity of
individuals in public spaces
(stations/terminals, shopping centers, public
service areas, building entrances, campus
corridors, and industrial areas) are important
indicators  for crowd management,
operational safety, and compliance with
Standard Operating Procedures (e.g., queue
management, capacity restrictions, and
prevention of mass gatherings) [1], [2], [3].
Manual monitoring by officers is not easy to
carry out consistently due to limited
visibility, fatigue, and the need for quick
responses, so an automated system is needed
that can work in real-time and be easily
integrated with  existing surveillance
cameras.

Terakreditasi SINTA 5

Rapid developments in computer
vision and artificial intelligence for crowd
analytics, such as people detection, people
counting/crowd density, and estimation of
proximity between individuals from CCTV
video. Crowd analytics research itself
remains active and relevant to the context of
safety and urban space management,
including the need for efficient computing,
particularly ~ when  directed  towards
edge/near-edge implementation [4]. The
core component of such systems typically
starts with human detection. The single-
stage detector family is popular because of
its favorable trade-off between speed and
accuracy for real-time applications, and
continues to improve in terms of architecture
and training strategies, such as YOLOX
(anchor-free, decoupled head) [5], YOLOvV7
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(trainable bag-of-freebies) [6], and RT-
DETR [7], which leads to real-time end-to-
end detection. This trend shows that the
choice of architecture and training
configuration (optimizer, learning rate,
backbone)  greatly  determines  the
performance of the system in real-time
scenarios.

On the other hand, estimating the
actual distance from a single camera
(monocular) is a major challenge due to the
perspective effect, where the distance in
pixels is not linear to the actual distance.
Therefore, many approaches utilize
calibration/homography (to map the floor
area), inverse perspective mapping, or
pose/depth-based  strategies to reduce
distance error in various CCTV camera
conditions [8]. Other common challenges
include occlusion, viewing angle variations,
and differences in camera mounting heights,
which could shift estimation accuracy.
Based on these requirements, this study
proposes a proximity monitoring pipeline
between individuals based on human
detection and simple yet fast distance
calculation.

Therefore, the research was
conducted to obtain a system that is able to
detect the distance between humans that is
considered according to the rules of physical
distancing using Object Detection. Object
detection is a technology that is able to
detect an object of a particular class in an
image or video. Object detection is capable
of detecting human faces, detecting objects,
detecting pedestrians (humans), vehicles,
and so on [9]. The system uses You Only
Look Once (YOLO).

YOLO is the best real-time object
detection algorithm because YOLO uses a
single convolutional neural network that
simultaneously predicts several bounding
boxes and classes of the entire image in a
single detection or in one run [10]. Although
newer YOLO variants such as YOLOv7 are
reported to improve accuracy in the real-
time range, this study chose YOLOv4 [11]
because (i) the focus of the contribution is on
the design of a CCTV-based proximity
monitoring system and distance estimation
evaluation, not on optimizing state-of-the-
art detectors; (ii)) YOLOv4 is designed for
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speed-accuracy trade-offs and is reported to
be capable of achieving real-time
performance in certain configurations , and
(iii) the stability and maturity of the
YOLOv4 implementation/deployment
toolchain supports experiment
reproducibility and simpler real-time
integration compared to end-to-end export
pipelines in newer models [11], [12].

Based on these requirements, this
study proposes a pipeline for monitoring
proximity between individuals that relies on
human detection and simple yet fast distance
calculations. The system uses YOLOv4 with
a CSPResNeXt50 backbone. This backbone
was chosen based on the Cross Stage Partial
Network (CSPNet) concept, which can
improve CNN learning capabilities by
combining CSP with several architectures,
such as ResNet, ResNeXt, and DenseNet.
Among these combinations, ResNeXt
reportedly provides better results, giving rise
to the CSPResNeXt variant, which can
reduce computation time by about 20%
while maintaining or even improving
detection accuracy [13], [14].

In addition, this study compares two
optimizers (Adam and SGD) and two
learning rate values to obtain the most stable
training configuration. The distance between
individuals is calculated from the
representative position (centroid bounding
box) using Euclidean Distance, then tested
in several scenarios of camera height and
angle to determine the most optimal
installation conditions.

In summary, the emphasized
contributions are: (1) the design of a
lightweight, real-time CCTV-based
proximity monitoring system; (2) analysis of
the influence of optimizers and learning
rates on detection performance; and (3)
evaluation of distance calculation accuracy
under varying camera installation conditions
to support practical implementation in the
field.

2. RESEARCH METHOD

The proposed algorithm performs
preprocessing on the image. The image will
be resized according to the insert method.
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Next, the process will continue on data
augmentation.

The feature extraction process is
carried out using CSPResNeXt50. In
CSPResNeXt50 the convulsion filter will be
divided into two parts in order to reduce
computation time and reduce memory usage,
for example, when convulsing with filter
128, the convulsion filter will be divided into
two so that it becomes convulsive filter 64
with a size of 3x3, when it has passed the
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convulsion process it will enters the
transition layer where the output of the
convulsion is combined with the half of the
input that has been divided previously to
prevent duplication. This process is followed
by ReLU activation and Maxpooling. If
there is a low confidence value in the
bounding boxes, then the bonding boxes are
removed using non-max suppression. The
flow process can be seen in Figure 1.
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Figure 1. CSPResNeXt50

After  feature  extraction is
performed on the input image, the extracted
features will then be collected for detection
and classification. This process occurs at the
neck. Neck is the next process of object
detection where the neck is in charge of
taking and combining the features that have
been extracted during the feature extraction
process on the backbone which is then
carried out in the object detection process. In

Terakreditasi SINTA 5

Yolov4 using PANet in the process of
merging the extraction features.

After successfully detecting an
object in the form of a human, the next step
is to determine the centroid point of the
detected object. To determine the centroid of
the detected object, you can use Equation

(1),

= (5222 )
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The centroid point will be obtained
from the results of the determination using
equation (1) which is based on processing
Xmin, Xmax, ymin, ymax to produce x and y
values which determine the value of the
centroid point as shown in Figure 2.

Xxmin xmax
. ymin
Titik Centroid
ymax

Figure 2. The Centroid Point

After obtaining the centroid point
value of each object that has been detected,
the process of calculating the distance
between objects detected will be carried out
using the Euclidean distance. Euclidean
distance is the distance between two points
in Euclidean space. Euclidean Distance is
often used to calculate the distance between
two different points. In this study, the
distance between 2 objects was measured
using Euclidean Distance and based on the
object's centroid point that had been
detected. After obtaining the centroid value
on the detection object as in the above
process, a process is carried out to calculate
the distance between objects based on the
predetermined centroid point [15]. This
method is used to calculate the distance
between objects detected by Equation (2).

dp,q) =y (@1 — q1)* + (2 — q2)*> (2)

2.1 Distance Calibration

The calibration method for
converting pixel distances to physical
distances is critical because  pixel
measurements from camera images do not
directly correspond to real-world distances
due to perspective projection, camera
mounting height, and viewing angle [16].
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The calibration process involves
steps starting from reference object
placement, which two reference markers are
placed at a known physical distance (Dref =
200 cm) on the ground plane within the
camera's field of view. Pixel distance
measurement for capturing an image and
measures the pixel distance (dref pixel)
between the two reference markers using the
same centroid-based approach as human
detection.

After that, the pixel to centimeter scale
factor (o) is calculated as: o = Dref /
dref pixel (cm/pixel). Converting the
physical distance for each detected human
pair to the pixel distance Dpixel (from
Equation 2), the physical distance is:
Dphysical = a x Dpixel (cm).

3.RESULT AND DISCUSSION

This section describes the results of
testing the physical distancing system after
going through the preprocessing process,
extracting features using CSPResNeXt50,
determining the centroid point and
calculating the distance using Euclidean
distance. The results of system testing can be
seen in Figure 3.

Figure 3. The Result of Object Detection
and Define a Centroid Point between Two
Objects

The performance evaluation of the
method is applied by measuring the
optimizer and learning rate, i.e. Adam and
SGD with learning rate 1E-2 and 1E-3. The
following are the measurements results of
Yolov4 method using different optimizer
dan learning rate. Table 1 shows the effect of
using different optimizer dan learning rate
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that can impact the result of accuracy. The
Adam optimizer hyperparameter and the
learning rate of 1e-3 significantly influence
the production of a more optimal model.
Based on the results of all the
training processes that have been carried out,
the Yolov4 model and the ResNeXt50
architecture use the Adam optimizer with a
learning rate of 1E-3 and use 150 epochs of
the highest accuracy with an accuracy
quality of 96%. Furthermore, Table 2 shows
the performance of the Yolov4 method using
DarkNet50 architecture. The parameter is
the same as when the Yolov4 method using
ResNeXt50 architecture. The parameter
influences the performance values and the
better the performance value will be
obtained. Model training was also carried
out using the Yolov4 model with DarkNet50
architecture using the Adam optimizer with
Learning rate 1E-3, epoch 100, and batch
size 64. Training using the DarkNet
architecture resulted in an accuracy of 94%.

Table 1. Measurement of Yolov4 Method
with ResNeXt50

Lela{u;lr:;ng Epoch | Acc
ResNeXt50 | Adam 1E-2 100 | 94.70%
ResNeXt50 | Adam 1E-3 100 {95.10%
ResNeXt50 | Adam 1E-3 150 96%
ResNeXt50 SGD 1E-2 100 | 80.55%
ResNeXt50 SGD 1E-3 100 | 88.15%

Backbone | Optimizer

Table 2. Measurement of Yolov4 Method

with DarkNet50
Backbone | Optimizer Le;l:;ng Epoch| Acc
ResNeXt50 | Adam 1E-3 100 |95.10%
ResNeXt50 | Adam 1E-3 150 96%

DarkNet50 | Adam 1E-3 100 94%
ResNeXt50| SGD 1E-3 100 88%

Based on the results of the model
training that has been carried out using two
architectures, namely ResNeXt50 and
DarkNet50. Where the ResNeXt50
architecture gives an accuracy result of
95.10% using the Adam optimizer, learning
rate 1E-3, epoch 100, and batch size 64 and
the ResNeXt50 architecture gives 94%
accuracy results using the Adam optimizer,
learning rate 1E-3, epoch 100, and batch size
64. ResNeXt50 architecture gives 1% better
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or higher results than DarkNet50
architecture. A comparison of the two
architectures used can be seen in Table 2.

From the results of the tests carried
out by the Yolov4d model using the
ResNeXt50 architecture, it gives better
results and when training on the Yolov4
model with the ResNeXt50 architecture by
adding 50 epochs it gives an accuracy of
96% which has an increase of 1% when
using the optimizer and learning rate. which
is equal to epoch 100.

Testing the Yolov4 model with the
ResNeXt50 architecture is carried out by
testing the model that has been trained by
performing object detection. Where the
Yolov4 model with ResNeXt50 architecture
is distinguished based on the optimizer used
when training the optimizer, namely Adam
and SGD. The optimizer used in model
testing is the optimizer that produces the
highest accuracy value.

Table 3. The Evaluation of Yolov4 Model

Opti |Learnin | Preci F-
Backbone ) ) Recall
mizer | g Rate | sion Score
ResNeXt50 | Adam| 1E-3 | 96% | 94% | 95%

ResNext50 | SGD | 1E-3 | 89% | 87% | 87%

The results of the model testing
carried out show that the Yolov4 model with
the ResNeXt50 backbone, in Table 3 using
the Adam optimizer with Learning Rate 1E-
3 gives better results when compared to
using the SGD optimizer and is the best
weight or best fit used in the detection object
of the Yolov4 model. Based on the system
performance testing that has been done to
find the highest accuracy based on the
Euclidean distance used where the test was
carried out 20 times. Model testing is done
using the Yolovd model and the
CSPResNeXt50 backbone with the Adam
optimizer giving good results, this is done by
using a camera height of 2 meters with a
camera angle of 90°.

Table 4. Euclidean Distance Accuracy

Distance | Distance
Method | Objectto | Between | Acc | FPS
Camera Objects
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Euclidean | 300 cm 200cm | 90% 60
Euclidean | 200 cm 200cm | 80% 60

From the test results as shown in the
Table 4, it shows that The study has 90%
accuracy in determining the actual and
predicted distances at a camera distance of
300 cm and 80% at a distance of 200 cm
based on 20 tests with the camera at a height
of 2 meters and a 90° angle. The optimal
distance when detecting using the Euclidean
Distance Method is at a distance of 300 cm
with a higher accuracy of 10% compared to
the distance of the object to the camera is
200 cm. The detection results also provide
more optimal results when object detection
is carried out at the most optimal distance
between the object and the camera where the
optimal distance between the object and the
camera is 3 meters.

4. CONCLUSSION

The implementation of the system
using the YOLOv4 model with the
ResNeXt50 is able to detect objects in the
form of humans and is able to compare the
distance between human objects and the
distance between physical distancing rules
and determine whether the detected object
violates the physical distancing rules or not.
The distance calculation is done using
Euclidean Distance which gives optimal
results with an accuracy of 90%
concordance between the actual distance and
the distance predicted by the system and gets
an average detection speed of 60 fps.

The YOLOv4 Model using the
ResNeXt50 backbone using 2 optimizers
with 2 different learning rates, it shows
different results even though using the same
batch size and epoch where the Adam
optimizer provides 95.10% accuracy and the
SGD optimizer provides 88.15% accuracy.
Where the Adam optimizer shows better and
more stable results than the results given by
the SGD optimizer. Where the YOLOv4
model using Adam's ResNeXt50 optimizer
backbone using a learning rate of 1E-3 with
a batch size of 64 with 150 epochs shows
better results with an accuracy of 96%. From
the comparison results between the two
architectures, namely ResNeXt50 and
DarkNet50, it is found that the ResNeXt50
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architecture gives 1% better results with
95.10% accuracy than the DarkNet50
architecture which gives 94% results using
the Adam optimier, epoch 100, and batch
size 64.
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Abstract

In the ever-evolving digital era, cyber threats are increasingly diverse and demand
effective mitigation strategies, especially for the educational environment and students who are
easy targets for human error-based attacks. This study aims to analyze the role of cybersecurity
awareness as an important strategy in mitigating cyber threats using the Systematic Literature
Review (SLR) approach. A review was conducted on the literature that implements four main
cybersecurity frameworks, namely NIST CSF, COBIT 5, the KAMI Index, and ISO/IEC 27001.
The results of the analysis show that the technological aspect alone is not enough to guarantee
security, Individual and organizational awareness—especially in the education sector, SMEs,
and remote work environments—has a significant contribution to lowering the risk of cyber
incidents. This study emphasizes that systematic, measurable, and framework-based awareness
increase can strengthen cyber defense and support the development of a security culture among
Students.
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shows that the human factor is the main weak
point in the cyber defense system [1], [2], [10],
[20]. The findings reinforce the view that the
formation of a security culture requires
continuous improvement of user awareness,
especially through education that is structured
and appropriate to the development of threats. In

1. INTRODUCTION

Students are currently one of the largest
groups of digital users who rely heavily on
information technology services for daily
activities, both in the learning process, academic

data storage, and social interaction. The high
level of use of these technologies makes them a
highly vulnerable group to various forms of
cyber threats, especially when awareness and
understanding of information security is still low
[4], [5]. A number of studies reveal that most
students do not understand basic data protection
practices, such as password management, device
security, as well as the identification of common
cyber threats such as phishing or identity theft
[6], [71, [13]. This vulnerability is increasing due
to the lack of information security materials in
higher education curricula, as well as the lack of
applicable and simulation-based training
programs, even though these approaches have
been proven to increase user awareness of social-
engineering attacks [8], [9], [12].

Not only in the educational

environment, research in the context of MSMEs,
remote workers, and formal organizations also

SINTA 5 Accredited

addition, several studies highlight the gap
between the level of cyber awareness and
cybersecurity resilience, which is heavily
influenced by digital behavior, attitudes towards
risk, and technology usage habits among students
[13], [17].

Considering the wide and diverse scope
of findings, the Systematic Literature Review
(SLR) approach was chosen in this study to
obtain a comprehensive picture of the role of
cybersecurity awareness in threat mitigation,
especially in the student environment. SLR
allows researchers to systematically identify
patterns, consistency of findings, and research
gaps based on empirical evidence from various
previous studies. In addition, this method helps
map security frameworks used in global research
such as NIST CSF, COBIT 5, the KAMI Index,
and ISO/IEC 27001 and their relevance in the
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context of information security education and
training [14],[19]. Thus, this study is directed to
synthesize the literature in depth, assess the
contribution of cybersecurity awareness in
reducing the risk of cyberattacks, and identify the
need to develop more effective educational
strategies and curricula for students.

Unlike prior systematic reviews that
discuss cybersecurity awareness in broader
organizational contexts, this study specifically
synthesizes evidence within the student
environment, where intensive digital activity and
behavioral vulnerabilities are consistently
reported as key risk factors [4], [5], [7], [13]. The
novelty of this SLR lies in its integrated
approach: (1) highlighting awareness gaps and
behavioral weaknesses that are unique to
students [5], [6], [16], (2) emphasizing the
effectiveness of experiential and simulation-
based trainingssuch as phishing simulations and
gamification which has been shown to improve
knowledge retention and protective behavior
more effectively than conventional methods [9],
[10],[12],[20], and (3) mapping the findings into
multiple cybersecurity frameworks, including
global standards (ISO/IEC 27001, NIST CSF,
COBIT 5) and the local KAMI Index, to support
structured and measurable cybersecurity
awareness strategies in higher education [3],
[10], [14], [15]. Therefore, this review
contributes not only by summarizing existing
studies, but also by providing a framework-
oriented perspective that can guide universities in
developing sustainable cybersecurity awareness
programs for students.

2. RESEARCH METHODS

This study wuses the Systematic
Literature Review (SLR) approach to gain a
comprehensive understanding of the trends,
strategies, and effectiveness of cybersecurity
awareness programs in higher education settings.
The SLR method was chosen because it is able to
systematically identify research patterns and
gaps based on the empirical evidence available in
the academic literature, as recommended by
previous studies [10], [14], [16].

2.1. Formulation of Research Questions (RQ)

This research is designed to answer
three main questions:

1. RQI1: What is the level of cybersecurity
awareness among students?

2. RQ2: What are the factors that affect
cybersecurity awareness in higher
education settings?
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3. RQ3: How effective are the training
programs, simulation methods, and
implementation of security frameworks
(ISO 27001, NIST CSF, COBIT 5) in
increasing student awareness?

This formulation refers to the focus of
previous research that emphasized the
importance of mapping awareness, behavior, and
the effectiveness of security training in students

(4], [5], [9], [17].
2.2. Inclusion and Exclusion Criteria

Inclusion and exclusion criteria are
established to ensure that all articles analyzed in
SLR have high relevance to the research
objectives, have adequate academic quality, and
support the process of systematic synthesis of
findings. The following table summarizes the
criteria used in the selection process:

Inclusion Critera Exclusion Criteria

Articles related to | Articles that do not
cyber threats to | address students
students

Focus on | Irrelevant to
cybersecurity cybersecurity
awareness or

mitigation

Articles  published | Articles under the
within the last 5-10 | year range of

years publication

Articles in English or | Articles in languages

Indonesian other than
English/Indonesian

Journal, conference, | Non-scientific blogs,
or scientific review | news, opinions, or
type articles documents
Table I: Inclusion and Exclusion Criteria
The determination of inclusion criteria
aims to ensure that the analyzed studies are truly
related to the main focus of the research, namely
cybersecurity awareness in students and higher
education. The 5-10 year restriction of
publication ensures that the articles used reflect
the latest conditions of cyber threat development
and relevant training programs, as suggested in
modern research [4], [10], [14].

Meanwhile, exclusion criteria are used to
filter out articles that do not make a real
contribution to the synthesis process, such as
non-scientific articles or publications without
empirical data. It is important that SLR results
remain credible, comprehensive, and evidence-
based, as is the systematic research selection
procedure recommended in recent SLR studies
[12], [16], [19].
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2.3. Literature Search Strategy

The literature search process is carried
out systematically using the SLR principle to
ensure that the selected articles are truly relevant
to the topic of cybersecurity awareness in the
student environment. Google Scholar was
chosen as the primary source because it provides
a wide coverage of scientific publications and
has been used consistently in similar research
[11].

The wuse of keywords such as
"cybersecurity awareness", "students",
"university", "information security training",
"ISO 27001", and "NIST framework" refers to
the recommendations of previous studies that
show that the combination of these keywords is
effective in mapping research on information
security awareness in higher education [6], [7].

The 5-10 year range was chosen to
ensure that the literature analyzed is up-to-date,
relevant to cyber threat trends and modern
learning approaches. In addition, language filters
(English—Indonesian) are used to ensure a
diversity of perspectives and accessibility of
sources [12].

The search results yield about 54
articles. The selection process is then carried out
based on the relevance of the title, abstract, and
compatibility with the formulation of the
research question. This step follows the literature
review practice as suggested in the PRISMAA
approach, which advocates a gradual screening
process until the most relevant articles are left out
[11]. From the total, 20 articles that met the
criteria were selected for further analysis [2], [6],
7]

Components Details
Database Google Scholar
Year Range 5-10 years
Language English & Indonesian
Key Keywords “cybersecurity

awareness”, “students”,
“university”, “education
security”

“information  security
training”, “ISO 270017,
“NIST framework”
(“cybersecurity
awareness”’ AND
“students™) OR
(“information security”
AND “education”)
Number of Initial | 54 articles

Articles
Selection Filter

Additional
Keywords

Search String

Relevance of titles,
abstracts, keywords, and
full-text access
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Final Number of | 20 articles
Selected Articles
Table II : Literature Search Strategy

2.4. Selection Process (PRISMAA Model)

The article selection process follows
four stages of PRISMAA: identification,
screening, eligibility, and inclusion.

1) Identification

The initial stage found 54 articles from
Google Scholar that were relevant to the
keyword.

2) Screening

A total of 22 articles were eliminated
due to irrelevant titles/abstracts or duplication.

3) Eligibility

A total of 19 articles were read in full.
Six articles were excluded for not providing
empirical data, not focusing on students, or not
using a security framework.

4) Final Inclusion

A total of 13 main articles were selected
from the evaluation results [1]-[13], then 7
additional articles were added that met the latest
criteria and strengthened the scope of SLR [14]—
[20], resulting in a total of 20 articles being

analyzed.
Google Scholar
(54)
Duplication removed
®

¥

Remaining articles
after duplication
(48)

|dentification

Articles are filtered by
title & abstract

Screening

Irrelevant articles
removed (22)

Articles are read in
full text
(26)

Eligibility

Article issued
(13)

Article enters initial
SLR analysis
(13)

Additional eligible
articles (7)

Included

Total articles
analyzed
(20)

Figure 1 : PRISMA Diagram

2.5. Quality Assessment (Penilaian Mutu Studi)

To ensure the validity and credibility of
the results of the Systematic Literature Review
(SLR), each article selected at the final stage is
further analyzed through a quality assessment
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process. This quality assessment aims to ensure
that the synthesised studies are of adequate
methodological quality and relevant to the
research focus, as recommended in SLR practice
in the fields of cybersecurity and higher
education [10], [14], [16].

Quality assessment was carried out by
adapting evaluation criteria commonly used in
SLR research, particularly those that emphasized
methodological clarity and relevance of the
research context [10], [16]. Each article was
evaluated based on four main indicators, namely:
(1) clarity of the purpose and scope of the
research, (2) the suitability of the methodology
with the context of cybersecurity awareness, (3)
the existence of empirical data or systematic
analysis, and (4) the relevance of the findings to
the higher education environment or students
[14], [20].

Each indicator is given a binary score (1
= meets the criteria, 0 = does not meet the
criteria). Articles that obtain a minimum score of
3 out of a total of 4 indicators are declared
feasible and retained in the final analysis. This
approach is used to minimize bias as well as
maintain the consistency and quality of the
literature synthesis, as suggested in previous
SLR studies [10], [16], [19].

The implementation of this quality
assessment strengthens the methodological
transparency of the research and ensures that the
conclusions produced are truly based on credible
and quality literature.

2.6. Data Extraction and Mapping of Research
Questions

After the article selection process and
quality assessment, a data extraction stage is
carried out to identify key information from each
selected study. The data extraction stage is an
important component of the Systematic
Literature Review (SLR) to ensure consistency,
transparency, and traceability of the synthesis of
findings, as recommended in previous SLR
methodological studies [10], [16], [19].

The data extracted included the identity
of the author and year of publication, the context
and sample of the study, the method or form of
cybersecurity training intervention, the security
framework used, and the main findings of each
study. This extraction approach refers to the
common practice of SLRs in the field of
cybersecurity and higher education that
emphasizes the direct linkage between research
findings and the formulation of research
questions [14], [16].
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Furthermore, each article is mapped to
Research Questions (RQ1-RQ3) to identify its
contribution in answering the level of
cybersecurity awareness of students (RQI1),
factors affecting cybersecurity awareness (RQ2),
and the effectiveness of training programs and
the implementation of security frameworks
(RQ3). This mapping process aims to ensure that
the synthesis of findings 1is carried out
systematically = and  evidence-based, in
accordance  with the = SLR  approach
recommended in the literature [10], [19].

Author Study Framework | R
Focus Q
Fattah et | Student Knowledge— | 1,2
al. (2023) | Surveys & | Attitude—
Training Behavior
Bottyan Student Model survei | 1
(2023) literacy awareness
survey
Jane§ et | Student Behavior- 3
al. (2024) | phishing based
simulation | training
il.%ozj)t Campus | [SO/IEC 23
risk 27001
analysis
Sodikin Security Gamification | 3
& gamificati | model
Hikmawa | on
n (2023)
Goliath et | Attitude & | Cyber 1,2
al. (2024) | behavior resilience
survey model
Taherdoo | Training 3
5t (2024) | model NIST
Cybersecuri
ty
Framework
Weapons | Conceptua | Cybersecurit | 2
(2025) 1 studies of | y culture
the campus | framework

Table I1I. Data Extraction and Article
Mapping

It should be noted that not all studies use
formal security frameworks such as ISO/IEC
27001 or NIST CSF. Some studies adopted
conceptual approaches or behavioral models to
measure cybersecurity awareness, which remains
relevant in answering the RQ of this study.

2.7. Synthesis and Analysis Techniques

The synthesis process in this study uses
a thematic analysis approach to identify the main
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patterns of literature related to cybersecurity
awareness in the student environment. The
results of the study showed four dominant
themes that were interrelated. First, various
training approaches such as workshops, e-
learning, gamification, and phishing simulations
have been proven to improve students' digital
security literacy through experiential learning
[81, [91, [12], [19]. Second, the effectiveness of
the intervention was evaluated using a pre-post
test method that assessed the improvement in
knowledge, attitudes, and changes in digital
habits after training [4], [5], [13]. Third, several
studies emphasize the integration of security
frameworks such as ISO/IEC 27001, NIST CSF,
COBIT 5, and the KAMI Index as a guide in
assessing awareness as well as developing
information security curriculum in universities
[1]-[3], [14], [20]. Fourth, the literature also
reveals implementation challenges, including
lack of institutional policy support, lack of
faculty involvement, and weak digital security
culture, which causes cyber threat mitigation
programs to not run optimally in the student
environment [7], [17], [18].

2.8. Limitations of Data Sources.

In this study, the literature search
process was carried out using Google Scholar as
the main source of academic databases. Google
Scholar's selection is based on its ability to
provide a wide range of scholarly publications,
including national and international journals,
conference proceedings, as well as open access
articles relevant to cybersecurity topics in higher
education settings [10], [16].

However, the use of a single database
has a number of limitations. Several SLR
methodological studies confirm that Google
Scholar has the potential to display publication
duplication, variations in article quality, and the
risk of selection bias due to indexing
mechanisms and search algorithms that are not
fully transparent [10], [19]. In addition, certain
reputable publications that are indexed
exclusively on databases such as Scopus, IEEE
Xplore, or ACM Digital Library are potentially
not optimally identified [16].

Therefore, the results of this Systematic
Literature Review (SLR) need to be understood
in the context of the limited data sources used.
Nevertheless, the application of inclusion-
exclusion criteria, quality assessment, and a
PRISMAA-based selection process is expected
to minimize potential bias and maintain the
validity of the synthesis of findings [10], [19].
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3. RESEARCH RESULTS

The results showed that of the 54
articles analyzed in the initial stage, as many as
20 articles met all inclusion criteria and were
used as the main source in the synthesis. Key
findings indicate that increased cybersecurity
awareness is influenced by three main aspects,
namely the effectiveness of training methods, the
implementation of security frameworks, and user
behavior factors. Training methods such as
workshops, e-learning, gamification, and attack
simulations have been proven to improve basic
understanding and skills in detecting and
responding to cyber threats. In addition, the
integration of frameworks such as ISO/IEC
27001, NIST CSF, COBIT 5, and local
evaluation models helps institutions assess
readiness levels and build more structured
awareness standards. The study also found that
behavioral factors including digital habits, policy
compliance, and individual vigilance levels have
a significant role in the success of cybersecurity
programs. Overall, the SLR results show that
increasing awareness requires a comprehensive
approach that incorporates training, policies, and
digital culture change in the user environment.

4. DISCUSSION
4.1. Lack of Awareness Among Students

Research  findings indicate that
cybersecurity awareness among university
students remains relatively low. Many students
still use weak passwords, rarely update them, and
do not consistently apply two-factor
authentication. This condition is exacerbated by
limited digital literacy, the absence of
institutional standard operating procedures
(SOPs) for incident response, and the
misconception that cybersecurity is solely the
responsibility of technical staff. Several studies
also report a strong relationship between formal
training programs and increased awareness,
which leads to safer digital behavior.

Low awareness is reflected in students’
daily digital habits, including the tendency to
ignore security warnings, access public Wi-Fi
without protection, and share personal
information through social media without
considering potential risks. This suggests that
students often lack contextual understanding of
the consequences of cyberattacks, such as data
theft, identity abuse, and account compromise.
Furthermore, surveys show that only a small
proportion of students are familiar with campus
reporting procedures for cyber incidents,
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indicating limited institutional support for
awareness-building.

To address these issues, universities
should strengthen preventive measures by
integrating  cybersecurity awareness  into
structured  educational  programs.  Basic
protective behaviors such as avoiding suspicious
links, maintaining account confidentiality, and
enabling authentication mechanisms should be
promoted through continuous training and
supported by clear institutional policies.

4.2. Effectiveness of Training and Simulation

Simulation-based training programs
such as phishing simulation and gamification
have proven to be more effective than
conventional learning. This approach improves
students' ability to recognize real cyber threats
and significantly  strengthens  protective
behavior. This confirms that the use of risk-based
training modules and case studies encourages
students to understand the real impact of
information security negligence.

Some institutions have tried to
implement  simulation-based  cybersecurity
training. This approach is considered more
effective than conventional learning methods.
For example, training that mimics a phishing
attack in a controlled environment can show
first-hand how students react to real-life
scenarios. In training like this, students receive
fake emails that resemble real phishing attacks.
Their responses were then analyzed to measure
their level of alertness and ability to recognize
threats.

In addition, e-learning and
gamification-based training has also been proven
to increase students' interest in learning.
Platforms such as interactive quizzes,
educational games, and real-life case-based
modules make the learning process more fun and
applicable. Students become more active in
recognizing risks and understanding ways to
avoid them. For example, in some training
programs, students are asked to play the role of
'attacker' and 'victim' to better understand the
point of view from both sides.

Simulation-based training is a learning method
that puts students in real or near-reality
situations. For example:

e Phishing simulation: students receive
fake emails, then analyze their
responses,
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e Educational games: such as CTF
(Capture The Flag) that trains tactical
responses to threats,

e Real-life case module: campus digital
incident analysis or data leak
simulation,

e Blended learning training: combines
theory and hands-on practice.

This training shows that:

e The rate of knowledge retention is
higher than that of theoretical lectures,

e Students are more critical and active
towards suspicious digital content,

e Participation increases if the material is
interactive and challenging,

e Students feel responsible for the
security of their accounts and personal
devices.

Other advantages:
e  Students learn from mistakes safely.

e The material is more relevant to
everyday digital life,

e Can be done online and flexibly,

e Encourage the creation of a
collaborative learning community.

However, this training must be carried out on an
ongoing basis. One-time training without follow-
up is often not enough to form a habit. Therefore,
it is necessary to schedule regular sessions,
periodic evaluations, and integration in the
curriculum.

4.3. The Role of Frameworks in Education

Frameworks such as ISO/IEC 27001
and NIST CSF provide a systematic
foundation for campuses to develop security
and training policies. The implementation of
this framework not only increases technical
awareness but also strengthens students'
managerial literacy towards information
security governance.

More than that, the application of
this framework in the classroom also helps
lecturers in compiling teaching materials
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that are structured and in accordance with
industry practices. Through this approach,
students not only understand theory, but are
also able to map risks and design basic
security policies that are relevant to the
everyday digital context. Case study-based
practicum activities wusing framework
elements have also been carried out in
several universities, where students are
asked to audit simple security systems and
make recommendations for improvement.

Frameworks such as ISO/IEC 27001
and NIST CSF help students understand
information security structures
systematically. Some of the implementation
practices on campus include:

e Practicum makes security policies
based on ISO 27001,

e Risk analysis of daily digital
activities ~ using  the  NIST
framework,

e Group discussions on case studies of
the  implementation of  the
framework in educational
institutions,

e The application of mini audits by
students to the campus digital
system.

This framework reinforces:

e Technical and managerial literacy of
students.

e Readiness to enter the world of work
based on industry standards,

e Collaboration between the IT
faculty and the campus security
department,

e Awareness of the importance of a
proactive, not reactive, approach.

Furthermore, with the introduction
of'this framework since college, students can
understand that information security is a
comprehensive process, starting from policy
making, asset identification, to access
control. This knowledge is not only relevant
for IT graduates, but also for students from
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other  majors such as  business,

communications, and law.

4.4. Challenges of Implementation on
Campus

The main challenges include limited
resources for security expert lecturers, lack
of cyber laboratories, and low institutional
policy support. Some universities have tried
to address this with programs such as
"Digital Security Month" and collaborations
with BSSN. However, the results of the
evaluation show that without continuous
training and integration into the curriculum,
its effectiveness is still limited.

The implementation of cybersecurity
awareness still faces challenges such as:

1. Policies not yet prioritized:

e Awareness has not entered
compulsory courses,
e Lack of modules or guidance from

institutions,
e There is no roadmap for the
development of digital

competencies as a whole.
2. Resource limitations:

e The lack of lecturers who master the
field of information security,

e Not all campuses have laboratories
or security simulation tools,

e The budget for training and platform
development is still limited.

3. Permissive digital culture:

e Students tend to be ignorant of
system warnings,

e Digital information is disseminated
without  thinking  about the
consequences,

e There is a perception that security is
the responsibility of the technician,
not the user.

Nevertheless, there are good practices that
can be emulated:

Regular programs such as "Digital Safety
Month" and "Hoax-Free Day",
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Collaboration with institutions such as
BSSN or local security startups,

Integration of digital security materials in
new student orientation,

Organizing information security education
video competitions,

Creating a community of students who care
about cybersecurity.

These steps are proven to be starting
to build a culture of digital security
awareness among students and lecturers. Ifit
continues to be developed and supported by
strong institutional policies, the campus can
become a pioneer of cybersecurity
awareness in Indonesia. This will make a
real contribution to creating a smart, safe,
and

4.5. Cybersecurity Awareness Strategy
Framework in the Campus Environment

Based on the synthesis of findings in
the previous section, this study not only
provides an overview of the condition of
student cybersecurity awareness, but also
produces a conceptual strategy framework
that can be applied in the campus
environment. The framework is designed as
a practical guide for higher education
institutions  in  raising  cybersecurity
awareness in a structured and sustainable
manner.

This strategic framework is built on
three main pillars. The first pillar is training
(training), which emphasizes the importance
of a sustainable and experience-based
cybersecurity education program. The
training not only focuses on delivering
theoretical material, but also involves
simulated attacks, case-based learning, and
interactive activities that encourage students
to recognize and respond to cyber threats
firsthand.

The second pillar is institutional
policy (Stuart T). Higher education
institutions need to have information
security policies that are clear, easy to
understand, and relevant to daily academic
activities. The policy includes account
management, personal data protection,
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incident response procedures, and the
division of roles and responsibilities
between students, lecturers, and system
managers. Policy clarity is an important
foundation for security practices to be
applied consistently.

The third pillar is the formation of a
cybersecurity culture (security culture). A
culture of security is built through safe
digital habits, active participation of the
entire academic community, and continuous
support from institutional leaders. Without a
strong safety culture, the effectiveness of
training and policies tends to be temporary
and unsustainable.

The integration of the three pillars
forms a strategic roadmap that the campus
can use in designing cybersecurity
awareness improvement programs. This
framework allows higher education
institutions to move from a reactive
approach to a proactive approach in dealing
with cyber threats, particularly those
involving human factors in the student
environment.

4.6. Novelty and Contributions of This Study

This Systematic Literature Review
offers several contributions that distinguish
it from previous SLRs on cybersecurity
awareness. First, rather than examining
cybersecurity awareness in a general
context, this study focuses on the student
environment as a high-risk population
characterized by intensive digital activity
and behavioral vulnerabilities. Second, the
review synthesizes findings across four
security frameworks including both global
standards (ISO/IEC 27001, NIST CSF,
COBIT 5) and a local assessment model
(KAMI Index) to provide a comparative,
structured perspective that is rarely
addressed in earlier reviews. Third, beyond
summarizing existing studies, this research
proposes a practical strategy framework for
campuses based on three integrated pillars
(training, institutional policy, and security
culture). This framework can be used as a
roadmap to guide universities in
implementing sustainable, measurable, and
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evidence-based cybersecurity awareness
initiatives.

5. CONCLUSION

Cybersecurity ~ awareness is a
fundamental factor in reducing vulnerability to
cyber threats in the higher education
environment. The results of this study show that
training programs designed with interactive
methods—such as  phishing simulations,
gamification, and scenario-based training
modules—drive significant improvements in
student understanding, alertness, and behavioral
changes in the use of digital technology. This
approach not only helps students recognize
attack patterns, but also strengthens their ability
to make secure decisions when interacting with
information systems.

Beyond confirming the importance of
cybersecurity awareness, this study offers a
novel contribution by focusing specifically on
students as a high-risk population and by
synthesizing multiple cybersecurity
frameworks—ISO/IEC 27001, NIST CSF,
COBIT 5, and the KAMI Index—within a single
strategic model. The proposed three-pillar
framework (training, institutional policy, and
security culture) provides a practical and
integrative roadmap for higher education
institutions, which has been largely absent in
prior systematic reviews.

In addition, the integration of security
frameworks such as ISO/IEC 27001 and the
NIST Cybersecurity Framework into learning
has been proven to provide a systematic
foundation in shaping a digital security culture.
The framework helps educational institutions
develop more structured strategies, ranging from
risk management, access control, to incident
response procedures. As a result, students gain a
more comprehensive understanding of the
globally applicable security practice standards.

Overall, this study confirms that the
combination of experience-based training
methods and the application of international
security frameworks is an effective step in
increasing  students' readiness to  face
increasingly complex and dynamic cyber threats.
These findings also underscore the importance of
educational institutions' commitment to
providing ongoing training programs to build a
strong information security culture in the
academic environment.

6. RECOMMENDATIONS
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This research is suggested to strengthen
the methodological aspect of SLR by explaining
the article selection process in a more structured
and in-depth manner. Stages such as the number
of initial findings, screening steps, elimination
based on inclusion-exclusion criteria, and the
final number of articles analyzed need to be
described in detail so that methodological
transparency can be maintained. In addition, the
research also needs to add a quality assessment
component to assess the methodological
feasibility of each selected article, so that the
conclusions produced have a stronger, valid, and
accountable basis. The implementation of this
quality assessment will help ensure that only
relevant and academic literature of adequate
academic standards is used in SLR analysis.

Further research is suggested to expand
the database sources by involving reputable
platforms such as Scopus, IEEE Xplore, or ACM
Digital Library to obtain a more comprehensive
coverage of the literature and reduce the potential
for selection bias. In addition, the use of more
than one database allows for stronger study
replication and increases the validity of the
findings in the Systematic Literature Review in
the field of educational cybersecurity.
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Abstract

The management of incoming mail archives at a large national logistics company in
Indonesia generates a large volume of unstructured textual data, making manual classification
inefficient and error-prone. This study evaluates the performance of deep learning models for
administrative mail archives classification using data collected between 2023 and 2025. Three
models are examined, namely Long Short-Term Memory (LSTM), Bidirectional LSTM (Bi-
LSTM), and Convolutional Neural Network (CNN). Model performance is evaluated using
accuracy, precision, recall, Fl-score, and confusion matrix metrics. Experimental results
indicate that CNN achieves the highest accuracy of 85.82%, outperforming LSTM and Bi-LSTM
models. This superior performance is attributed to CNN'’s ability to capture local textual patterns
through convolution operations, which are well-suited to the structured and repetitive language
characteristics of official correspondence. To support practical interpretation, an interactive
dashboard is implemented as a visualization tool for model evaluation results, classification
outcomes, and clustering analysis. These findings demonstrate that deep learning-based
approaches integrated with visual analytics can significantly improve the efficiency and accuracy
of unstructured mail archive management.
Keywords—mail archive classification, deep learning, CNN, model evaluation, interactive
dashboard, clustering
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information such as the subject of the letter,
1. INTRODUCTION the type of incoming mail, and the sender’s
name. The high volume and variability of
this raw data make the processes of
matching, grouping, and classifying mail
archives complex when  performed
manually. Similar conditions are also found
in various types of administrative data in
other institutions. The use of conventional
methods in mail archive management may
lead to delays, classification inconsistencies,
and difficulties in the retrieval of archived

Mail archive management is an
essential component in supporting the
smooth operation of an organization,
particularly in institutions that handle a high
volume of incoming mail. At a large national
logistics company in Indonesia, incoming
mail processed at branch offices includes
various types and subject matters originating
from government institutions as well as
external parties. All incoming mail is
recorded in a mail log as archival documents [2].

documentation, after which it is distributed ) Along with - the advangemgnt of
and followed up through established information technology, the application of

administrative mechanisms[1]. Based on {)ext mim;)lg_aild a?l(??liﬂ (lll.lte.ihlgenile. has
internal archival records obtained from the cgun 1o be Iitegrated 1nto cigital archiving
. . . systems to improve the effectiveness and
incoming mail agenda of the company

during the period 2023-2025, a total of 3,453 accuracy of mail management. Several
mail entries were recorded before data previous st udies havg shown that document
cleaning and validation. The data are in the classification algorithms are able to

form of unstructured text, characterized by automate the p rocess of mail grouping and
increase productivity compared to manual
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methods[3],[]4]. However, many existing
studies emphasize automation results
without providing clear, interpretable, and
user-oriented model evaluation mechanisms
that can be easily understood by non-
technical users, such as archive officers or
administrative  staff in  institutional
environments [3].

In the field of text document
classification, Deep Learning approaches
have been widely applied due to their ability
to better understand linguistic context and
the relationships between words compared
to traditional methods. Models such as Long
Short-Term Memory (LSTM), Bidirectional
LSTM  (Bi-LSTM), and Convolutional
Neural Network (CNN) have been proven
effective in various document and email
classification tasks, particularly for texts
with diverse and complex sentence
structures[5],[6],[7]. However, most
previous studies still focus primarily on
reporting performance metrics, such as
accuracy and Fl-score, without sufficient
analytical discussion or integration of these
results into visual systems that can be
directly utilized in institutional operations
[8],[9],[10]. In addition to the classification
process, analysis of patterns and structures
within mail archive data is also an important
aspect, considering the continuously
increasing number of documents. Clustering
methods can be used to group mail based on
content similarity, thereby assisting in
understanding topic distribution,
characteristics, and the most frequently
occurring  types of  mail[11],[12].
Nevertheless, clustering results are often
presented only in numerical or tabular form,
making them difficult to interpret without
appropriate visual support[13],[14].

To ensure that the data
preprocessing procedure is conducted in a
systematic and structured manner, this study
adopts the CRISP-DM (Cross-Industry
Standard  Process for Data Mining)
methodology. This methodology provides a
framework consisting of six main stages,
namely Business Understanding, Data
Understanding, Data Preparation,
Modeling, Evaluation, and  Deployment
[15],[16]. The wuse of a standardized
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methodology in the data classification
process is a fundamental principle for
generating valuable information patterns for
institutions[17].

Nevertheless, previous  studies
remain limited to the development of mail
archive classification systems without
comprehensively integrating model
performance evaluation, analytical
discussion, and clustering analysis within an
interactive dashboard. Based on these
conditions, a system is required that is not
only capable of performing automatic mail
classification but also provides informative,
interpretable, and user-oriented evaluation
results. Several studies on digital archiving
systems indicate that the utilization of
dashboards can assist users in understanding
data conditions and system effectiveness
more optimally[3],[8].

Therefore, this study is directed
toward the implementation of mail
document archive classification using deep
learning methods, complemented by an
interactive  evaluation dashboard and
clustering analysis. This research does not
aim to develop new algorithms, but rather to
apply and critically evaluate multiple deep
learning models in a case study using data
from a large national logistics company in
Indonesia. The main contribution of this
study lies in the comparative evaluation of
multiple deep learning models combined
with  visual analytics to enhance
interpretability and practical usability in
administrative mail classification. Through
this approach, it is expected that mail
document archive management can be
carried out effectively, transparently, and
systematically to support the utilization of
information technology within institutional
environments.

2. METHODOLOGY

This study is designed to provide a
systematic overview of stages involved in
the data processing, modeling, and
evaluation processes. The methodology is
structured to ensure that each process is
conducted in a measurable, objective, and
scientifically accountable manner. In
general, study includes stages of mail
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archive data  collection, text data
preprocessing, application of deep learning
models for document classification, model
performance evaluation using quantitative
metrics, as well as result evaluation and
clustering analysis presented through an
interactive dashboard.

2.1. Research Approach and Type

This study adopts an applied
research approach using computational
experimental methods. This approach is
selected because the research focuses on the
application of deep learning models for
classifying mail archive text documents and
evaluating model performance based on
measurable quantitative metrics. The
evaluation results are then presented in the
form of an interactive dashboard to facilitate
analysis and interpretation.

The type of research employed is
quantitative research, as all research
outcomes are measured numerically using
model performance metrics, namely
accuracy, precision, recall, and Fl-score.
Through this approach, the effectiveness of
each deep learning model can be measured
objectively and compared systematically. In
addition, this study also utilizes clustering
analysis as a supporting method to
understand patterns and structures within the
mail archive data used.

2.2. Data Sources and Types

The source type of data used in this
study include:

2.2.1 Data Source

The data used in this study originate
from the incoming mail agenda of a large
national logistics company in Indonesia for
the period 2023 to 2025. The dataset
constitutes secondary data obtained from the
internal administrative recording system and
is used as part of the organization’s
operational activities.

2.2.2 Data Type and Research Variables

The type of data used in this study
consists of unstructured text, derived from

Terakreditasi SINTA 5

p-ISSN :1858-3911 , e-ISSN : 2614-5405
https://journal.fkom.uniku.ac.id/ilkom

descriptive columns in the mail archive.
Based on their roles in the modeling process,
the research variables are categorized as
follows:
1. Independent Variables
The independent variables consist of
the Subject, From/To, and Mail Type
columns. These three attributes are
combined to form a richer textual
representation and are used as input
for the deep learning models.
2. Dependent Variable
The dependent variable in this study is
the Mail Type Category, which serves
as the classification target for the
model, such as Surat Dinas, SPK,
PKS, and KD.

2.3. Dataset Description

The dataset used in this study
consists of 3,453 raw entries of incoming
mail archive data obtained from the internal
administrative system of a large national
logistics company in Indonesia during the
period 2023-2025. Data selection and
validation were conducted by removing
duplicate records, incomplete entries, and
irrelevant data that did not meet the research
criteria. As a result of this process, 2,817
clean and validated data entries were
retained and deemed suitable for use in the
modeling stage.

The  validated  dataset was
subsequently divided into training and
testing sets using an 80:20 ratio, where 80%
of the data were used for model training and
20% were reserved for performance
evaluation. This data splitting strategy was
applied to maintain a balance and objective
evaluation of the proposed models.

The distribution of incoming mail
archive data across categories indicates an
imbalanced class condition.  Several
categories, such as Surat Dinas, SPK and
PKS, dominate the dataset, while other
categories contain fewer instances. The class
distribution of the wvalidated dataset is
illustrated in figure 4, providing an overview
of the proportion of each mail category used
in this study.

2.4.Methodology Flowchart
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The research methodology is
designed in a structured manner to ensure
that each stage is carried out systematically
and can be scientifically justified.
Conceptually, the research flow adapts the
CRISP-DM [15].
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Figure 1 Research Stage

The methodology flow diagram is
presented in Figure 1, illustrating the main
stages of the study from data collection to
visualization.

2.2.3 Description of Research Stages

Based on the flow diagram shown in
Figure 1, the research stages include:
1. Data Collection
Incoming mail archive data are
collated from multiple internal files of
a large national logistics company in
Indonesia for the period 2023-2025
and combined into a unified dataset.
2. Data Selection and Validation
The data are examined to remove
empty, duplicate, or irrelevant entries
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that do not align with the research
objectives.

3. Text Data Preprocessing
This stage includes text cleaning,
normalization text (lowercasing), text
attribute  merging, tokenization,
padding, and category label encoding.
For illustration purposes, an example
of  preprocessing transformation
includes converting the original text
“Surat Permohonan kerja Sama PT
ABC” into the cleaned and
normalized from ‘“‘surat permohonan
kerja sama pt abc”.

4. Dataset Splitting
The dataset is divided into training
and testing sets using an 80:20 ratio to
maintain a balance between training
and evaluation processes.

5. Deep Learning Model Training
LSTM, Bi-LSTM, and CNN models
are trained using the training dataset
to learn textual patterns within the
mail archive data. All models were
trained using the same experimental
settings to ensure a fair comparison.
The training process was conducted
with a batch size of 32 and a
maximum of 50 epochs. Early
Stopping was applied by monitoring
validation loss to prevent overfitting
during training.

6. Model Evaluation
Model evaluation is conducted using
quantitative performance metrics and
a confusion matrix to analyze
prediction errors.

7. Result Visualization
Dashboard
The results of the evaluation and
analysis are displayed through a web-
based interactive dashboard using
Streamlit.

8. Clustering Analysis
The K-Means algorithm is used as an
exploratory method to analyze
patterns and distribution in letter
archive data. The clustering results
are not used as a classification
mechanism, but serve as
complementary analysis to provide
additional insight into the structure

through
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and thematic distribution of the
classified mail archive data.

9. Interpretation of Result and
Discussion
All results were analyzed to draw
research conclusions.

2.5.Data Preprocessing

The  preprocessing  stage is
conducted to ensure that text data are ready
to be processed by deep learning models.
This process consists of several steps,
including text cleaning using regular
expression  functions  (re.sub),  text
normalization by converting all characters to
lowercase, merging textual attributes,
tokenization and padding processes, and
label encoding to convert categorical labels
into numerical representations.

2.6. Deep Learning Models Used

This study applies three algorithms
in the text document classification process,
namely Long Short-Term Memory (LSTM),
Bidirectional LSTM  (Bi-LSTM), and
Convolutional Neural Network (CNN).
2.6.1. Long Short-Term Memory

(LSTM)

LSTM utilizes a memory gate
mechanism to retain important information
within text sequence data. The basic
equations of LSTM are formulated as
follows:

Forget Gate (D)

fe =0 W - [hiny, xe] + by
Input Gate (2)
ii =o(w; - [h{t_l}, xt] + b;
C; = tanh(w, - [hg_13, x| + be)
Update Cell State 3)
Co=fr Choeqy+ic-C
Output Gate 4)

0 =0 (W, [hge—pxe] + bo)
hy = o, - tanh (C,)
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Table 1 Algorithm LSTM Classifications

Algorithm 1 : Long Short-Term Memory

(LSTM) Classifications

Output : hidden state h;

1 Forget Gate Computes previous
information that should be retained or
discarded

ft =0 (Wf . [h{_l},xt] + bf

2 Input Gate : Determines new information

to be stored
i =0a(w; - [h{t_l}, xt] + b;

3 Candidate Cell State : Forms candidate

values for new memory
Ct = tanh(WC : [h{t—l}' xt] + bC)

4  Update Cell State : Updates the cell

memory
Ce=fr Chp—ytic-Ct

5  Output Gate : Determines the output of

the cell
o =0 (Wo - i1y xe] + bo)

6 Hidden State Output : Produces the final

hidden state
ht = o, - tanh ( Cy)

2.6.2. Bidirectional LSTM (Bi-LSTM)

Bi-LSTM processes data in two
directions, forward and backward,
enabling the model to capture broader
contextual information within text data.
The model is formulated as follows :

he = [h{ ® h,] M

Where 71—; represents the forward LSTM and
h¢" represents the backward LSTM.

Table 2 Algorithm Bi-LSTM Classifications

Algorithm 2 : Bidirectional LSTM Memory

(Bi-LSTM) Classiffications

Output : bidirectional context representation

hy

1 Forward LSTM : Processes the sequence
from the beginning to the end

hy = LSTM{forward} (x¢)

2 Backward LSTM : Processes the sequence
from the end to the beginning
ht(_ = LSTM{backward} (x¢)

3 Concatenation  output Combines
bidirectional representations
hy = [he © h,"]
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2.6.3. Convolutional Neural Network
(CNN)

CNN is used to extract local features
from text through convolution operations
and the ReLU activation function, as
shown in the following equation :

= f(W xgin-n+b) (D

Where x(;.;+p—1) denotes the word vector,
W represents the convolution filter, and f
is the activation function.

Table 3 Algorithm CNN Classifications

Algorithm 3 : Convolutional Neural Network
(CNN) Classifications
Output : predicted class Cpqp

1 W : convolution filter weights
2 X{i:i+h—1) - input vector from position — i
toi+h-—1

3 b :bias
4 f () : activation function (ReLU)
5 h: filter size (window size)

2.7. Model Training and Evaluation
Process

The model training process was
carried out by applying Early Stopping to
prevent overfitting. Model performance was
evaluated using accuracy, precision, recall,
and Fl-score metrics, which are standard
evaluation metrics for text classification
problems.

2.8. Dashboard Visualization and
Clustering Analysis

The model evaluation results are
visualized in the form of a Streamlit-based
dashboard. In addition to classification, this
study also applies the K-Means Clustering
algorithm to identify patterns in the
distribution of mail archive data that cannot
be observed manually. The main tools used
in this study include Python, TensorFlow,
and Visual Studio Code on a Windows
operating system environment.

3. RESULTS

3.1. Initial Data Exploration and Dataset
Statistics
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The dataset used in this study
consists of 2,817 incoming letters that have
undergone data validation and cleaning. All
data is free of empty values, duplications,
and text anomalies that could potentially
interfere with the deep learning model
training process. The dataset has 18 target
categories representing various types of
official letters such as Surat Dinas, SPK dan
PKS, Laporan Nota, Kesepahaman, and
Risalah. This initial exploration confirms
that the dataset is suitable for training and
evaluating deep learning models for multi-
class mail classification. This is shown in
Figure 2.

Eksplorasi Data & Preprocessing

2,817 baris 18 Cleaned

1. Preview Data Asli (Beberapa Kolom)

Figure 2 Data Exploration & Preprocessing

3.2. Preprocessed Data Results

Preprocessing is performed to
convert raw text into a structured format that
is ready to be processed by the model. This
process includes text normalization, removal
of non-alphanumeric symbols, and merging
of several text attributes into one main
column. The results can be seen in Figure 3.

2. Preview Data Hasil Preprocessing

& Download Data (CSV

Figure 3 Preview Preprocessed Data Results

3.3. Data Distribution by Letter Category

The distribution of data by letter
category shows significant differences in the
number of samples across classes as
illustrated in Figure 4. The Surat Dinas
category dominates the dataset, followed by
SPK and PKS, while several other categories
contain relatively fewer samples. This class
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imbalance reflects real administrative
conditions and presents an additional
challenge for the classification task,
particularly for models that are sensitive to
skewed data distributions.

Distribusi Data per Kategori

Figure 4 Data Distribution by Category

3.4. Deep Learning Model Evaluation
Results

Model performance evaluation was
conducted using 20% of the test data from
the total dataset. The evaluation results show
that the CNN model obtained the highest
accuracy, precision, recall, and F1-score
values compared to the LSTM and Bi-LSTM
models, as shown in Table 4 and Figure 5.
This superior performance indicates that
CNN is more effective in capturing local and

discriminative textual patterns through
convolutional  operations, which are
common in structured and repetitive

administrative mail documents. In contrast,
sequence-based models such as LSTM and
Bi-LSTM primarily focus on long-term
dependencies, which are less dominant in
formal correspondence texts.

Table 4 Accuracy Results Table

Model Acc. | Prec. | Rec. F1
LSTM 0.80 | 0.78 0.80 0.79
Bi-LSTM | 0.78 | 0.74 0.78 0.75
CNN 0.85 | 0.84 0.85 0.83
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8582% Bi-LSTM
TE19% W on

Figure 5 Accuracy Comparison (Training
Results)

3.5. Confusion Matrix Analysis

The confusion matrix visualizations
in Figures 6-8 illustrate the distribution of
correct predictions and classification errors
for each model. Overall, the CNN model
demonstrates a higher concentration of
correct predictions along the main diagonal,

indicating stronger classification
consistency across  categories. Most
misclassifications occur between

semantically similar letter types, such as
SPK-PKS and Surat Dinas-Proposal, which
share overlapping vocabulary and structural
patterns. This observation suggests that
classification errors are primarily influenced
by content similarity rather than model

instability.
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Figure 6 Confusion Matrix Model LSTM
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Figure 8 Confusion Matrix Model CNN

3.6. Feature Correlation Analysis Results

A feature correlation analysis using
the TF-IDF and Chi-Square methods
produced a list of dominant keywords that
distinguish each category of letter, as shown
in Figure 9 and Figure 10.

» Deploy

2 Analisis Kata Kunci & Korelasi (TF-IDF + Chi-Square)

Daftar Kata Kunci per Kategori

LAPORAN
NOTA KESEPAHAMAN
PERJANJIAN KERAMASIAS
PKS

6 PKWT
PROPOSAL
RISALAH

RISALAH RADIR

Figure 9 List of Keywords by Category
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» Deplay

20 Kata Paling Kuat Membedakan Jenis Surat

3
Lo —

Cek Sebaran Kata Tertentu =

Ketik kata untuk dicek {mis: laporan):

Figure 10 Bar Chart of the Strongest Words
Distinguishing Types of Letters

3.7. K-Means Clustering Results

The clustering process using the K-
Means algorithm groups mail archive data
into several clusters based on textual
similarity, as shown in Figures 11-17. This
clustering analysis is not intended to replace
the classification process, but rather to
provide complementary insight into the
inherent structure and thematic distribution
of the dataset. By examining cluster
composition and dominant keywords, this
analysis helps explain why certain letter
categories exhibit overlapping features,
which may contribute to classification
challenges observed in the confusion matrix.

Clustering K-Means (Perihal + Dari/Untuk)

Visualisasi  Profiling

Elbow Method

aksimal K

Hitung Elbow

Elbow Curve (Inertia vs K)

Figure 11 Determining the Number of Clusters
(Elbow Method)

116


http://u.lipi.go.id/1180426802
http://u.lipi.go.id/1513576278
https://sinta.kemdikbud.go.id/journals/?q=NUANSA%20INFORMATIKA

NUANSA INFORMATIKA
Volume 20 Nomor 1, Januari 2026

Jalankan K-Means (menggunakan teks Perihal + Dari/Untuk)

Jurish custer

Visualisasi Persebaran Cluster (PCA/TSNE 2D)
Persebaran Cluster (Perihal + DarijUntuk)
. “;’:_

L3EN

Figure 12 Cluster Distribution Visualization
(PCA/TSNE 2D)

Kata Kunci Per Cluster (Centroid / Top terms)

Figure 13 Keywords per Cluster (Centroid/Top
terms)

Ringkasan Cluster

Corsec;

Direktur Utama;

Direktur Bisnis Jasa Keuzngan:

Figure 14 Cluster Summary

A. Distribusi Tipe Surat per Cluster

Distribusi Tipe Surat per Cluster

Figure 15 Letter Type Distribution per Cluster
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B. Distribusi Pengirim (Dari/Untuk) per Cluster

Distribusi Dari/Untuk per Cluster

Figure 16 Distribution of Senders (From/To) per
Cluster

# Keanggotaan Cluster (Isi Setiap Kelompok)

0

Jumiah anggota Cluster 0: 75

Figure 17 Cluster Membership

3.8. Classification Trial (Manual Input)

The developed system provides a
classification trial feature through manual
input and new data uploads. The results of
the system testing are shown in Figure 18
and Figure 19.

Uji Coba Klasifikasi (Input Manual)
Jenis Surat: Perihal;

Masuk v somasi

DarifUntuk

Direktur Utama

@ Prediksi

LSTM Bi-LSTM CNN

SURAT DINAS SURAT DINAS SURAT DINAS
96.4% confidence 93.8% confidence 99.0% confidence

Figure 18 Classification Trial (Manual Input)
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® Prediksi Otomatis Data Baru

LSTM v

Figure 19 Upload New Data
4. DISCUSSION

4.1. Discussion of Deep Learning Model
Evaluation

Based on the evaluation results, the
Convolutional Neural Network (CNN)
model demonstrates the most optimal
performance with an accuracy of 85.82%, as
well as higher precision, recall, and F1-score
values compared to LSTM and Bi-LSTM.
These results indicate that CNN is more
effective in extracting local features and
word patterns from administrative texts that
have relatively consistent structures.

This superior performance can be
attributed to the convolutional mechanism
employed by CNN, which applies fixed-size
filters (kernel size = 5) to capture local
contextual patterns within text sequences.
Such patterns are particularly prominent in
administrative mail documents, where
standardized  phrases and recurring
expressions are commonly used. By
focusing on local feature extraction, CNN is
able to identify discriminative textual cues
efficiently without relying on long
sequential dependencies, which are more
emphasized in LSTM-based models

These findings are consistent with
previous studies that reported the superiority
of CNN-based models for document
classification tasks involving structured and
repetitive textual patterns.
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4.2. Discussion of Confusion Matrix

Confusion matrix analysis provides
a more detailed picture of the classification
performance of each model in each letter
category. The CNN model shows a higher
number of correct predictions in almost all
categories, with relatively fewer
classification errors compared to LSTM and
Bi-LSTM.

The results show that CNN has
better class  separation  capabilities,
especially in letter categories with similar
language contexts. The error patterns that
still appear generally occur in categories
with  overlapping text characteristics,
indicating the natural challenges in
administrative document classification.

4.3. Discussion of Feature Correlation
Analysis

The results of feature analysis using
TF-IDF and Chi-Square show that each
letter category has dominant keywords that
are distinctive and relevant to its
administrative context. Words with high
Chi-Square values are proven to play an
important role in distinguishing one type of
letter from another.

This  finding reinforces the
classification  evaluation  results, as
categories with clear and consistent
keywords tend to have more accurate
prediction rates. In addition, this analysis
provides interpretability to the model, so that
the classification process is not only
numerical, but  also semantically
understandable.

4.4. Discussion of K-Means Clustering

The clustering results using the K-
Means algorithm show that the letter archive
data naturally forms several main groups
based on the similarity of the text content.
The PCA/TSNE visualization reinforces the
Elbow Method results, which indicate that k
= 3 is the optimal number of clusters for
representing the thematic structure of the
dataset.

Using more than three clusters tends
to increase grouping complexity without
revealing additional meaningful semantic
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patterns, indicating that the archive data
exhibits a relatively stable and well-defined
structure. In this study, clustering is not
intended to replace the classification
process, but rather to serve as a
complementary analytical tool to help
explain similarities between letter categories
and overlapping textual features observed in
the confusion matrix analysis.

4.5. Discussion of System Implementation

The results of system testing
through manual input and new data upload
show that the developed system is applicable
and can be used on real data. The automatic
preprocessing process ensures consistency
between the training data and the new data
being tested.

The confidence value displayed in
the prediction results represents the model's
level of confidence in a particular input and
cannot be equated with the overall model
evaluation accuracy value. This finding
confirms that the system is designed not only
for experimental purposes but also to
support the practical process of classifying
mail archives in the work environment.

5. CONCLUSION

This study demonstrates that deep
learning  approaches are capable of
effectively classifying unstructured and
imbalanced administrative mail archives.
Among the evaluated models, namely
LSTM, Bi-LSTM, and CNN, the CNN
model achieved the best overall performance
with an accuracy of 85.82%, precision of
84.04%, recall of 85.82%, and an F1-score
of 83.39. This result indicates that CNN is
more effective in capturing local textual
patterns and recurring phrase structures
commonly found in formal administrative
documents.

In addition to classification
performance, this study highlights the
importance of interpretability and usability
through the integration of feature correlation
analysis, K-Means clustering, and an
interactive dashboard. Feature correlation
analysis provides semantic insight into
dominant keywords for each letter category,
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while clustering analysis reveals the natural
structure and similarity patterns within the
dataset. The developed dashboard further
supports practical usage by enabling users to
evaluate model performance and perform
classification on new data in an intuitive
manner.

Despite these contributions, this
study has several limitations. The deep
learning  architectures employed are
relatively conventional, and class imbalance
remains a challenge that affects minority
categories. These limitations indicate
opportunities for further methodological
improvements and extensions in future
work.

6. RECOMMENDATIONS

Future research is recommended to
explore more advanced language models,
such as transformer-based architectures
including IndoBERT, to further improve
classification performance and contextual
understanding of administrative texts.
Addressing class imbalance through
resampling or cost-sensitive learning
techniques is also suggested to enhance
model  robustness, particularly  for
underrepresented letter categories.

Moreover, the interactive dashboard
developed in this study can be extended
through usability evaluation and deployment
in real operational environments. Testing the
system with larger and continuously updated
datasets would provide valuable insight into
its scalability and effectiveness in real-world
archival management scenarios.
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Abstract

Vocabulary learning in primary English classes is often constrained by heterogeneous learner
readiness, where fixed game progression can under-serve both struggling and advanced students. This
study aims to implement and technically validate a reproducible real-time adaptivity mechanism using
Bayesian Knowledge Tracing (BKT) in a Unity-based Android vocabulary game. The research adopts a
design-and-verification approach using the Game Development Life Cycle (GDLC), supported by
requirements elicitation (classroom observation, teacher interview, and literature review). The adaptive
engine applies BKT to update mastery after each quiz response and routes learners using a mastery-
threshold policy, while event-level logs are stored locally and exportable for auditability. The main results
demonstrate that adaptive mode activation, mastery updates, persistence of adaptive state, and mastery-
gated progression function consistently in end-to-end black-box tests. Algorithm-level credibility is
strengthened through white-box basis-path verification of the UpdateProbability() routine, ensuring
independent execution paths for correct and incorrect responses are covered. This work contributes a
deployable Unity/Android architecture for real-time BKT-driven adaptivity, accompanied by verification
artifacts and reproducibility recommendations to support technical audit, replication, and subsequent
controlled effectiveness studies.
Keywords— Bayesian Knowledge Tracing (BKT), Adaptive learning, Educational game, GDLC, Software
verification.
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1. INTRODUCTION

Vocabulary knowledge is a fundamental
constraint in early English learning; limited
lexical coverage quickly becomes a bottleneck
for comprehension and classroom participation
[1]. Digital game-based language learning has
expanded because games can increase
engagement and provide repeated exposure, and
meta-analytic evidence indicates that game-
based approaches can yield measurable learning
benefits when aligned with instructional goals
[1], [2]. However, primary classrooms are
heterogeneous: learners vary in prior vocabulary,
acquisition pace, and error patterns. Under these
conditions, one-size-fits-all game progression
may under-serve both struggling learners and
those who advance faster.

A key research and development gap lies in how
adaptivity is engineered and reported. While
learner modeling is central to personalized
learning [3], many educational games either (i)
remain non-adaptive or (ii) describe adaptivity at
a high level without a reproducible specification
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thresholds, and verification artifacts. Even when
Bayesian Knowledge Tracing (BKT) is adopted,
implementation details that determine validity—
such as initialization, slip/guess settings, and
update logic are often under-documented,
limiting replication and technical auditability in
real-time game environments [4], [5].
This paper positions itself as an engineering-
focused contribution. We specify and implement
a real-time BKT loop inside a Unity-based
Android vocabulary game and provide
verification evidence that runtime behavior
matches the stated model. By consolidating
algorithmic specification, parameter
configuration, and testable decision policies, the
work supports reproducible deployment and
provides a foundation for future comparative
studies.
Main contributions
1. A reproducible Unity/Android architecture
for real-time BKT-driven adaptivity.
2. A single-source-of-truth BKT specification
(parameters, initialization, update
equations, mastery rule).
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3. Verification artifacts (functional tests and
logic/path-level checks) supporting
auditability and replication.

4. An implementation blueprint extensible to
controlled effectiveness studies and
learning analytics.

2. RESEARCH METHOD

2.1. Research Design

This study employs a design-and-verification
approach to develop and technically validate an
Android educational game artifact. The primary
outcome is a reproducible real-time adaptivity
pipeline from learner response capture to
Bayesian Knowledge Tracing (BKT) updates
and adaptive content routing rather than a causal
effectiveness claim. The development process
follows the Game Development Life Cycle
(GDLC) model [6], [7], [8].

2.2. Elicitation and
Preparation

Learning-Content

Requirements were elicited via:

Production Cycle

-

4

/

| Version I Concept/Desgn
Stage | Iwﬂ I Structure
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1. Classroom observation to identify
common Grade III learner difficulties in
basic English vocabulary and interaction
patterns relevant to gameplay (e.g., response
behavior, attention span).

2.  Semi-structured teacher interview to
validate instructional needs, determine
target vocabulary scope, and agree on
feasible practice formats.

3. Literature review to ground the adaptivity
mechanism in established learner modeling
and to ensure methodological consistency
[31, [5], [9], [10].

A vocabulary item bank was prepared and

organized into thematic sets and difficulty tiers.

Each item is assigned: (a) skill/topic label, (b)

difficulty tier, and (c) correct answer key.

Teacher input is used to validate age

appropriateness and content coverage.

2.3. System Development Using GDLC

The system is developed using GDLC phases:
initiation, pre-production, production,
testing, and release [6], [7], [8].

Beta I Release

Heta Verson Gold Master /Redease Version
Refinement

Figure 1. Game Development Life Cycle Guidelines[6]

1. Initiation: define functional requirements
(login/session, practice loop,
scoring/feedback, logging) and constraints
(Android performance, offline capability).

2.  Pre-production: produce Game Design
Document (GDD), Ul/scene flow, and the
adaptivity policy (threshold and
progression rules).

3. Production: implement the game in Unity
(C#), integrate assets, implement item-bank
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manager, logging module, and BKT
service/component.

4. Testing: execute functional verification
and structural verification (Section 2.6).

5. Release: package Android build for limited
acceptance use focused on runtime stability
and deployment feasibility.

2.4. System Architecture Overview
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Figure 2. High-Level System Architecture of the BKT-Based Adaptive Game System
Figure 2 summarizes the runtime adaptivity Table 1. BKT Parameters
pipeline. The Unity game loop triggers quiz Parameter ~Meaning Impact  on
events: learner responses are processed by the oL 0 — —— lu)pfates
. . I T 111 Trmin
BKT engine to update mastery; the routing (R arly probavility | Determine
. . of mastering a start mastery
controller applies the threshold policy to select skill
repetljclon or progression; and event logs plus (T) Probability of  Control
adaptlye state are storesi llolcally and exported for learning after one = mastery
reporting and reproducibility. chance ascension
) Slip (wrong Lowering
2.5. Bayesian Knowledge Tracing (BKT) despite mastery)  posterior when
wrong
The adaptive engine implements standard BKT (G) Guess (true even Posterior

to estimate learner mastery probabilistically per
skill/topic [3], [5], [9], [10]. For each learner—
skill pair, BKT uses four parameters: initial
mastery P(L,y), transition/learning P(T), slip
P(S), and guess P(G).

Let p;_; = P(L¢_4)be prior mastery and X; €
{0,1}be the observed response (l=correct,
O=incorrect). Posterior mastery is computed by
Bayes’ rule:

If X; = 1(correct):

P(Loy | X, = 1) = pe-1(1 =)

Pe-1(1—=8)+ (1 —p,-1)G

If X; = O(incorrect):

_1S
P(Le_y | X, = 0) Pet

B Pe-1S+ (1 —pe-)(1 = G)

Then learning transition is applied:
Pe=PLe1 1 X))+ (A =P(Le—1 1 X)) - T

Terakreditasi SINTA 5

if you haven't
mastered it)

holding when
correct

2.6. Real-Time  Adaptation and

Parameter Governance

Policy

Parameter governance (anti inkonsistensi
naskah—kode): all BKT parameters and mastery
threshold Bare stored in a single configuration
source (table/file) loaded at runtime (not hard-
coded). Configuration changes are versioned,
allowing the paper to reference one definitive set.
Adaptation rule: the game applies a threshold
policy: when p; = 6, the learner is routed to a
higher difficulty tier or next content segment;
otherwise, additional practice is delivered within
the current tier. To prevent oscillation, an
optional window rule can be applied (e.g.,
threshold must be met for a minimum number of
recent items).

If calibration is required, pilot interaction traces
can be used to estimate parameters using
transparent tooling such as pyBKT while
retaining clear reporting of the final parameter
set[11].
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2.7. Data Logging and Verification Strategy

Event-level logging is implemented for
auditability and replication. Each interaction
stores pseudonymous learner/session ID, item
ID, skill/topic ID, timestamp, correctness,
current mastery p;, and routing decision.

Table 2. Log Schema for Reproducibility
Field Description

learner_id Anonymous identity of
(pseudonymous) players

session_id Play session identity
item_id Question/item ID

skill_id/topic_id
difficulty_tier

Tracked skill labels
The difficulty level when
the item is awarded

timestamp Interaction time

response (0/1) False/true

prior_mastery Mastery before update

(p_{t-1})

posterior_mastery Bayes results before
transition

updated_mastery = Mastery after transition

(P_t)
routing_decision Up/fixed/next segment

2.8. Verification and Validation

Verification and validation prioritize evidence

for the paper’s architecture + verification claim:

(a) Black-box functional verification: test
cases validate end-to-end flows (scene
transitions, item  rendering, answer
submission,  logging, = BKT  update
invocation, threshold checking, routing).

(b) White-box basis-path verification: the
function UpdateProbability() and routing
controller are tested using basis-path
coverage guided by cyclomatic complexity
to ensure each independent decision path is
executed [12].

3. RESEARCH RESULT

3.1. Game Flow and Storyboard (Functional
Scenes)

The developed artifact implements a structured
learning loop consisting of content exposure —
adaptive assessment —  mastery-gated
progression. The loop begins from the main
menu, continues to vocabulary material access,
activates adaptivity via a pretest, and then
executes repeated quiz-driven updates during
staged gameplay. Table 3 summarizes the
storyboard at the level required for an
engineering paper focusing on scene purpose and
outputs that are relevant to adaptivity and
verification.
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Table 3. Storyboard and adaptivity-relevant

outputs
Scene Core Output relevant
function to adaptivity /

verification
Main Menu Start and Entry to learning
navigation pipeline;
controlled access

to gameplay

modules
Material Vocabulary =~ Content gate prior
exposure to adaptive

activation; ensures
exposure before
assessment
Pretest Initialize Establish  initial
learner state = mastery/level;
triggers adaptive
mode and stores

state
Gameplay Engagement = Context for
(Adventure loop assessment
stage) triggers; stage
completion
depends on
routing decision
Quiz Assessment = Per-item BKT
+ mastery update; produces
update updated mastery

used for routing
Achievement Feedback Displays
progression
outcome
consistent  with
routing logic

Table 4. Storyboard Game Design

Scene Visual Action
2= | Play, Start Game
P - Setting,
[RE@L0 PLAY GAME Info

[ Materi Vocabulary | Can't be

Numbersand ||| | material sk_lpped
without
interaction

60D ] Z=0 ()| Moving Avoiding
el characters enemies &

& items

— . Initial level | Defining
initial
capabilities
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Figure 5. Game Login Menu View

MATERIALS
3.2. User Interface Implementation

User interfaces are implemented for two roles:
student-facing gameplay and teacher-facing
monitoring. For students, the implemented
scenes include the main menu, system
information, login, vocabulary material,
platformer gameplay, quiz interaction, and
achievement summary (Figures 3-9). For
teachers, the system provides restricted access to
monitoring and reporting functions, enabling
result viewing and report export to support
classroom deployment and traceability (Figure
9).
e Figure 3-9 present the student-facing
workflow (menu — material — gameplay
— quiz — achievement).
e Figure 10 shows the teacher dashboard
interface for monitoring/reporting.

OO | ( PLAYGAME

? 29a

e ¥
<_:> ACHIEVEMENTS INFORMATION EXIT GAME

(R XX
Figure 3. Main Menu View

0.0
g
ABOUT US

Forgot Passture English

CONGRATULATIONS!

You've completed all missions!

Q Total Score: 340 ﬁ"

| AL |
W
Aokl

Figure 9. Achivement Menu View

Figure 4. System Information Display
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Figure 10. Teacher Dashboard Interface

3.3. Real-Time BKT Adaptivity Implementation

Real-time adaptivity is implemented at the
granularity of each quiz interaction. The runtime
loop is executed as follows:

1. The system presents a quiz item aligned with
the current stage/difficulty tier.

2. The learner submits a binary response X; €
{0,1}(correct/incorrect).

3. The BKT engine computes posterior
mastery conditioned on X;and applies the
learning transition to obtain the updated
mastery probability P(L;)(as defined in
Section 2.4).

4. The adaptation router compares
P(L;)against a mastery threshold 6and
selects the next action: repeat within
current tier or advance to a higher
tier/next stage.

At the implementation level, the mastery variable

is stored as an internal state (e.g., pKnown), and

the learning/transition parameter is represented
as pLearn, corresponding to P(L)and P(T)in the

BKT formulation. The transition update follows:

pKnown « posterior + (1 — posterior)
-pLearn

This design enables immediate mastery updating

and routing decisions during runtime, supporting

real-time adaptivity rather than post-hoc
personalization.

Reproducibility requirement (single-source-

of-truth parameters). To support independent

audit and replication, all  parameters

{P(Ly),P(T),P(S),P(G),0}are defined in a

versioned configuration source loaded at runtime

(not hard-coded). The evaluated build is

therefore traceable to one definitive parameter

set, reducing the risk of manuscript—
implementation divergence.

3.4. System  Testing  Results  (Black-Box
Functional Verification)

Black-box functional verification was conducted
to confirm correct end-to-end behavior across
navigation, content gating, adaptive-mode
activation, persistence, and mastery-gated
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progression. While the complete test suite covers
broader usability and flow control, Table 5
reports the subset of cases that directly evidence
the correctness of the adaptive pipeline: adaptive
initiation, response-level mastery updating,
persistence of adaptivity state, and deterministic
routing based on 6.

Table 5. Adaptivity-critical black-box
verification (selected cases)

Ca  Scenario Trigger Expected @ Res

se verified /  test observabl | ult

ID case e output

BB  Adaptive In Transition = Pass

-03 mode Materia  to Pretest
activation I, and

confirm = adaptive
readines = mode

s active
BB Mastery Answer = Mastery Pass
-05  update a increases
responsive = pretest/ = relative to
ness quiz baseline
item
correctl
y

BB  Persistenc = Comple @ Difficulty/ = Pass
-06 e of  te level state
adaptivity = pretest is  stored

decision (persisted)
BB | Failure End “Retry” Pass
-08  routing stage state/panel
below with appears
threshold = mastery
(<
\theta)
BB  Success End “Success” | Pass
-09  routing stage state/panel
at/above with appears
threshold = mastery
(\ge
\theta)
BB  Progressio | Continu = Transition | Pass
-11 n e after to next

continuity | success | stage

hese outcomes indicate that the adaptive
mechanism is not only implemented, but also
produces stable, observable, and persistent
routing decisions aligned with mastery
conditions.

3.5 White-Box Verification Results (Basis-Path
Jfor UpdateProbability())

White-box verification targets the BKT update
routine (UpdateProbability()), as it is the
algorithmic nucleus of adaptivity. Structurally,
the routine contains a correctness-dependent
decision branch (correct vs incorrect) followed
by posterior computation and a learning
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transition update. To validate internal control-
flow coverage, basis-path testing was applied.
Cyclomatic ~ complexity  indicates  two
independent paths corresponding to the
correctness branch; therefore, adequacy is
achieved by executing test inputs that force both
branches to execute at least once.
Table 6. Basis-path coverage for

UpdateProbability()
Pat  Input Independ = Branc Expect
h conditi = ent path h ed
ID on covere = outcom
d e (test
oracle)
W correct = Start —  Correct Posteri
B- | =true correct- -answer = or uses
P1 branch —  posteri = ((1-S));
posterior or mastery
— updated
transition via
— return transiti
on;
returns
updated
mastery
W correct | Start —  Incorre = Posteri
B- =false | wrong- ct- or uses
P2 branch —  answer (S);
posterior posteri | mastery
— or updated
transition via
— return transiti
on;
returns
updated
mastery

his evidence strengthens auditability by
demonstrating that the internal decision structure
of the mastery update routine is explicitly
covered, not merely assumed correct from user-
level behavior.

Overall, the results demonstrate a deployable
Unity/Android educational game artifact with a
functioning real-time BKT adaptivity loop.
Adaptivity is evidenced by (i) per-response
mastery updating, (ii) mastery-threshold routing
that produces deterministic retry/success
outcomes, (iii) persistence of adaptive state
across scenes, and (iv) verification artifacts at
both functional (black-box) and structural (basis-
path) levels. These results support the paper’s
engineering  contribution: a  reproducible
architecture with testable adaptivity behavior
suitable for technical audit and replication.

4 DISCUSSION

4.1 Principal Findings and Their Meaning
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This study demonstrates that Bayesian
Knowledge Tracing (BKT) can be embedded as
a real-time control mechanism inside a Unity-
based Android educational game. Mastery is
updated after each quiz interaction and
immediately used to govern routing decisions.
Unlike many adaptive learning reports that
describe personalization at a conceptual level,
this work operationalizes adaptivity as an explicit
runtime pipeline—response capture — mastery
update — threshold decision — next-item
selection—consistent with the role of knowledge
tracing as a learner-state estimator for practice
sequencing [3], [5], [9].

The contribution is intentionally framed as
technical validity and reproducibility, not as
an effective claim. Within this scope, the results
indicate that the adaptive pipeline is (i)
implemented end-to-end, (ii) observable at the
system level (e.g., deterministic retry/success
routing), and (iii) traceable through persisted
learner state and reporting/export mechanisms.

4.2 Why This Work Matters: Reproducible
Adaptivity in a Mobile Game Context

BKT is widely established, and recent syntheses
underline its continued relevance while also
noting recurring issues in reporting and
comparability across implementations [10].
Many adaptive systems remain difficult to
reproduce because manuscripts often omit
critical implementation details: the exact
parameter set, initialization procedure, mastery
threshold logic, and verification artifacts needed
for technical audit.

This paper positions its novelty in
implementation transparency by treating the
adaptivity mechanism as a reproducible system
component rather than an implicit feature. This is
particularly  relevant in  mobile game
environments, where algorithmic behavior must
remain stable under scene transitions, local
persistence constraints, and practical runtime
limitations.

4.3 Strength of Evidence: Complementary
Verification Layers

The verification strategy directly supports
credibility. Black-box functional verification
confirms that the adaptive flow behaves as
intended from the user perspective: adaptive
mode activation, persistence of level decisions,
and mastery-gated routing outcomes are
observable and consistent. White-box basis-
path verification strengthens this evidence by
demonstrating that the internal decision structure
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of the mastery update routine is structurally
exercised across independent execution paths.
Using cyclomatic complexity and independent-
path execution as an adequacy argument aligns
with established software testing principles [12].
Together, these layers reduce the risk that
adaptivity is under-specified, difficult to audit, or
inconsistent between narrative and runtime
behavior.

4.4 Parameter Governance: A Non-Negotiable
Condition for Reproducibility

A key lesson from the implementation is that
parameter consistency is inseparable from
reproducibility. In BKT, values for slip P(S),
guess P(G), transition/learning P(T), and the
mastery threshold 6directly shape posterior
updates and therefore routing behavior [3], [5],
[9]. Even small deviations can materially alter
mastery trajectories and progression decisions.

For publication-grade reporting, the system
should enforce a single-source-of-truth
parameter  specification: a  versioned
configuration (table/file) loaded at runtime and
referenced explicitly in the manuscript. This
ensures that the parameter set described in the
paper matches the evaluated build. When
parameters deviate from defaults (e.g., P(G) =
1/kfor multiple-choice items), the deviation
should be justified either through domain
rationale or calibration using interaction traces.
In this context, using established estimation
tooling (e.g., pyBKT) provides a transparent
pathway for parameter fitting and reporting [11].

4.5 Limitations and Threats to Validity

Several limitations should be acknowledged to

avoid over-claiming:

1. Scope limitation (no causal learning
claim). The study validates system
correctness and reproducibility; it does not
establish that adaptivity improves learning
outcomes relative to a non-adaptive
baseline.

2. Model assumptions. Classic BKT uses a
binary observation model and typically
assumes a single latent mastery per skill
without explicitly modeling forgetting or
item  difficulty heterogeneity. These
assumptions can be challenged in
vocabulary learning where item difficulty
may vary substantially [3], [10].

3. Parameter sensitivity and threshold
fragility. Fixed parameterization and a fixed
mastery threshold can yield brittle routing if
item quality varies or if learners adopt
strategic guessing. Without calibration or
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sensitivity analysis, robustness cannot be
inferred.

4. Verification  boundaries.  Basis-path
coverage is demonstrated for the mastery
update kernel, but other modules (routing
controller, persistence, export/sync) may
also affect reproducibility. Functional
verification supports end-to-end behavior;
however, deeper structural testing of routing
and persistence logic would further
strengthen auditability.

4.6 Future Work

This study establishes a technical baseline that

enables a structured research program:

1. Parameter calibration and reporting:
estimate P(Ly), P(T), P(S), and P(G)per
skill/tier from logged traces and publish the
final parameter table with procedure details
[11].

2. Sensitivity analysis: evaluate how routing
outcomes change across plausible Oranges
and parameter perturbations to demonstrate
robustness.

3. Controlled comparative evaluation:
implement a non-adaptive baseline (fixed
progression) and compare against BKT-
driven adaptivity to quantify learning effects
while controlling exposure time and novelty
effects.

4. Reproducibility package: publish
parameter  configuration,  pseudocode
aligned with the evaluated build, and
compact test suites (functional and
structural) as supplementary material to
support independent replication.

5 CONCLUSION

This paper presented a design-and-verification
study that implements real-time Bayesian
Knowledge Tracing (BKT) within a Unity-
based Android educational game for vocabulary
practice. The proposed system operationalizes
adaptivity as a runtime pipeline in which each
learner response triggers immediate mastery
updating and the updated mastery probability
governs deterministic routing decisions for
practice continuation or progression.

The work contributes: (1) a deployable
Unity/Android architecture integrating response
capture, BKT updating, routing policy, and event
logging; (2) an auditable adaptivity mechanism
supported by persisted learner state and
exportable reporting; and (3) verification
evidence at two complementary levels—black-
box functional validation of the adaptive flow
and white-box basis-path verification of the
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UpdateProbability() routine—supporting
technical correctness and reproducibility.

This study is intentionally scoped to technical
validity and reproducibility rather than causal
learning effectiveness. Future work should focus
on (i) enforcing a single-source-of-truth
parameter configuration aligned with the
evaluated build, (ii) parameter calibration and
sensitivity analysis to demonstrate routing
robustness, and (iii) controlled comparative
studies (adaptive vs non-adaptive) to evaluate
whether real-time BKT adaptivity yields
measurable learning gains beyond engagement
effects.

6 SUGGESTIONS

1. Standardize and version all BKT parameters
{P(Ly),P(T),P(S),P(G),0}in a single
configuration source aligned with the
evaluated build to ensure reproducibility and
prevent manuscript-implementation
inconsistency.

2. Strengthen verification coverage by adding
unit tests for routing control and
persistence/export modules, complementing
the existing basis-path  testing of
UpdateProbability().

3. Calibrate and stress-test the adaptive policy
through pilot-log parameter calibration and
sensitivity analysis on 6to confirm routing
robustness under realistic learner behaviors.

4. Extend future evaluation with controlled
comparison (adaptive vs non-adaptive) and
richer learning indicators (e.g., retention and
time-on-task) to assess effectiveness beyond
technical validity.
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