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Abstract

This research is motivated by the suboptimal state of exam simulation media for
students at SMK N 2 Kotabumi in preparing for the Joint Entrance Examination for
State Universities (SBMPTN), where conventional tryout processes result in slow
and inaccurate data processing. As a solution to these issues, this study designs a
web-based tryout application developed using the Waterfall method through the
stages of requirement analysis, design, coding, and systematic testing. The
application is designed to simulate the Computer Assisted Test (CAT) mechanism
in real-time, thereby providing instant and transparent assessment feedback for both
students and the school. The results of this research are expected to provide an
effective self-simulation platform to enhance academic readiness and the
accountability of student learning evaluations at SMK N 2 Kotabumi, ultimately

achieving a more competitive graduation quality at the national level.

Keywords: Computer Assisted Test (CAT), SBMPTN, SMK N 2 Kotabumi, Waterfall
Method, Web-Based Application

1. Introduction

Vocational secondary education currently faces significant challenges in
preparing graduates for state university entrance examinations, particularly through
the Joint Entrance Examination for State Universities (SBMPTN) track. As an
educational institution focused on job readiness, SMK N 2 Kotabumi maintains a
strategic responsibility to facilitate students aspiring to pursue higher education.
However, the exam preparation process or tryouts conducted thus far are often

hindered by conventional mechanisms that are inefficient in terms of time and cost.
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In fact, the integration of information technology in schools is crucial, where
information systems defined as a combination of computer technology and
organized procedures for processing data into functional information have been
proven to provide faster and more accurate evaluation results compared to manual
methods [1], [2].

The primary issue at SMK N 2 Kotabumi is the lack of exam simulation media
that align with Computer Assisted Test (CAT) standards. As a digital-based
evaluation platform, CAT offers advantages such as automated question
randomization and real-time result presentation [3]. Without this technology, paper-
based tryouts not only impose an operational burden but also delay assessment
feedback. Such delays in learning evaluation information which should ideally serve
as an instrument for measuring academic readiness can hinder students' ability to
identify their academic weaknesses at an early stage [4], [5]. Consequently, there is
an urgent need for a digital platform capable of accurately simulating authentic
examination environments.

The development of a web-based tryout application stands as the most
relevant solution because websites function as virtual infrastructures capable of
distributing information efficiently and interactively for users [6]. This system offers
the convenience of practicing both independently and in a structured manner
through a dynamic question database and instant assessment [7]. Furthermore, the
implementation of this system serves as a collective academic progress monitoring
tool for the school, featuring secure archives of grade data within a centralized
database storage.

Previous studies have demonstrated the use of PHP/MySQL-based systems for
online assessments. For example, [8] developed an online exam simulation platform
with immediate scoring; however, the system lacked historical data tracking and
analytical tools to support school management. Another study by [9] implemented
linear online quizzes with static question lists, but the system did not provide
randomized question ordering. To address these limitations, the proposed system
for SMK N 2 Kotabumi introduces a centralized administrative monitoring
dashboard that enables the tracking of collective student progress and score trends
over time, while also incorporating automated pseudo-randomization of questions
and instant real-time scoring in accordance with Computer Assisted Test (CAT)
standards.

In an effort to build a stable application, this research implements the Waterfall
method. As a systematic conventional approach in digital product development [10],
this method ensures that every stage from requirements analysis and UML design
to coding and testing is conducted sequentially. The use of the Waterfall model is

highly appropriate because the system's functional requirements, such as time
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management and score processing, can be clearly and statically defined from the
outset to minimize the risk of functional failure [11]. Through this structured design,
SMK N 2 Kotabumi can possess an independent simulation platform capable of

enhancing the quality of student graduation at the national level.

2. Methods
2.1 Data Collection Methods

a. Observation
Observation is defined as an evaluation instrument used to measure
individual behavior or monitor an activity directly. This method involves
systematic observation and documentation of phenomena emerging within
the research object, where the observer records factual data captured through
visual and auditory senses [12]. Based on the observation results, it was
identified that the current exam simulations still rely on printed media (paper),
leading to resource waste and time inefficiency in the distribution of questions.

b. Interview
Interviewing is a data collection technique involving verbal interaction
between the interviewer and the interviewee. This communication process can
be conducted directly or face-to-face to elicit specific information or obtain
relevant data in accordance with the established research objectives [13].
Interviews with guidance counselors and curriculum staff confirmed that the
primary challenge encountered is the difficulty of processing scores rapidly to
map student capabilities before the actual SBMPTN exam. The informants
expressed a critical need for a digital system capable of providing instant and
accurate scoring results to enhance the effectiveness of academic evaluations
within the school environment.

c. Literature review facilitates a comprehensive analysis of various fundamental

theories and concepts that underpin a research study [14].
2.2 System Development Method

Waterfall method (in Figure 1) was selected due to its systematic and
sequential nature, ensuring that each phase of the tryout application development is
thoroughly documented before proceeding to the next stage:

a. Communication

In this initial phase, direct observations and interviews were conducted at

SMK N 2 Kotabumi to understand the constraints in conventional tryout

implementation. The researcher identified primary user requirements, such as

ease of access to questions for students and the necessity of automated
assessment for the school, to align the application’s vision with field-specific

issues.
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Communication

Construction

Modelling

Figure 1. Waterfall method

b. Planning
Based on the data from the communication phase, a work plan was
established, encompassing development time estimates and resource
requirement analysis. The researcher determined the technological
specifications to be utilized, specifically a web-based platform (PHP and
MySQL), and set a development schedule ranging from SBMPTN question
bank processing to the design of Computer Assisted Test (CAT) features.

c. Modeling
This stage focuses on designing the application architecture and user interface
(UI/UX). The researcher created Flowcharts, Use Case Diagrams, and database
designs (Entity Relationship Diagrams). The design was developed to closely
resemble the actual SBMPTN system interface, providing a realistic simulation
experience for students.

d. Construction
This phase involves the realization of the design into program code (coding).
The developer built the core functionalities of the application, such as the
question-answering system with automated time constraints, real-time score
calculation, and question database management. Once coding was completed,
Black-box testing was performed to ensure all system modules operated
according to the scenarios without logical errors.

e. Deployment
The final stage involves the implementation of the application within the SMK
N 2 Kotabumi environment. The application was uploaded to a server to be
accessible to students via web browsers. The researcher conducted a system

handover to the school, followed by monitoring to ensure that this digital
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tryout platform effectively enhances administrative efficiency and student

academic readiness.

3.Results and Discussion
3.1 UML System Modeling
3.1.1 Use Case

A Use Case Diagram (in Figure 2) serves as a modeling instrument to illustrate
the behavior of the information system being developed. Through this diagram,
developers can map specific system functionalities and determine the access rights

of each actor regarding these features [15].

P =
G D

)

Admin Participant

]

Figure 2. Use Case concept

The Use Case for the Design of a Web-Based SBMPTN Try-Out Application'
illustrates the interaction between two primary actors, namely the Admin and the
Participant, who are connected through a Login process as the system's primary
access gateway. The Admin holds full managerial control, which encompasses
registration validation, management of topics, questions, and tests, as well as report
generation and participant data management. Meanwhile, the Participant focuses on
the user-end functional flow, beginning with account registration, selecting tests,

engaging in interactive test-taking, and viewing their completed test results.
3.1.2 Activity Diagram

An Activity Diagram (in Figure 3) is a visual representation that models the
workflow or sequence of activities within a system in a structured manner.
Furthermore, this diagram serves as an instrument to define and categorize system
interface flows to clarify the interaction between the user and the software [16].

The Activity Diagram for 'Take Test' illustrates the system flow starting with
the Login process and account validation by the System through the Database. Upon
successful validation and entry into the Dashboard page, the Participant selects the

'Take Test' menu, which triggers the system to receive the request and retrieve

Energy: Jurnal IImiah Ilmu-ilmu Teknik, Vol. 16 No. 1 (2026) 110



Maryana, Ryan Aji Wijaya

relevant test data from the database. The process continues with the system fetching
question items from the database to be displayed on the Participant's screen, until

the entire sequence of activities eventually reaches the final state.

= Participant E System = Database

. Validate login dat
Login ) EEet ) Get account data

Validate login
data

Select the run test

€ Dashboard

menu

- 3
Receive test

P openrequest P Gettestdata

question appears ]‘— take the question

Figure 3. Test-Taking Activity

3.1.3 Sequence Diagram

A Sequence Diagram (in Figure 4) plays a role in visualizing interactions
between objects within a use case, while also serving as an instrument to model the
workflow logic within a system operation, function, or procedure [17].

The 'Manage Reports' Sequence Diagram illustrates the Admin's workflow in
processing report data, beginning with entering a username and password to be
validated by the System through an account data check in the Database. Once the
login is successful, the system displays the dashboard page, allowing the Admin to
select the report management menu, which triggers the system to retrieve and

display report data from the database. The Admin then performs report data
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management (add, edit, or delete), where each change is saved back to the database
by the system and concludes with a notification as confirmation that the data has

been successfully updated.

Manage reports

1 Enter username and password —

T
1

1

1

'

Get account data -

>

.;!t [Login data validation successful]

Validate login data

Displays the dashboard

1
1
]
1
1
1
1

1

Select the manage reports menu
'Li Getreport data Ry

1 1
) ]
1
)
]

....... Report data - -’”
Displays reports H
L}

1
]
1
]
1
Manage reports (add/medify/delete) '
1 n ]
1 1
) | Save changes to report data >
1 1
1 1 )
v e e e e - Confirm changes | _ | _ _
1 1
1 . 1
u= Notifications 1
] 1
1 L] 1
1 1 1
1 ] 1
1 ] ]
1 L] ]

Figure 4. Sequence Diagram Manage Reports

3.1.4 Data Base

A database is defined as a collection of structured information that maintains
interconnections or relations between its elements and is managed within a unified
storage system [18].

The database design (in Figure 5) for this Try Out application utilizes an
integrated relational model to manage the entire digital examination ecosystem. This
structure maps the interconnections between user management through the user
and user_profile tables, the academic grouping of students in the angkatan (batch)
and kelas (class) tables, and the core of the examination system involving the topik,
naskah (manuscript), and soal (question) tables, which are interconnected with the

jawaban (answer) table. Furthermore, transactional tables such as tryout and
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naskah_tryout are present to regulate exam schedules and durations, ultimately
culminating in the nilai_tryout table as a centralized and systematic repository for

students' academic evaluation results.

n o o soal

¢ id_soal - int(9) Mo o0 jawaban
) | teks - I
soal_teks : text ¢ id_jawaban : int{9)

| pembaha: 1 :text
pembahasaiieks:: Je ) key : varchar(5)

rutan : int(4)
# U int(4) | jJawaban_teks : text
# id_naskah : int(9) # score - int(3)

¢ 4 soal_id : int(9)

u © tyou peserta_kelas

v I ‘ot naskah
¢ id_peserta_kelas : int(5) =
) T ¢ id_naskah : int(9)
# kelas id : int(4)

P ) judul_naskah : varchar{150)
1 nisn : varchar(50)
) desknipsi_naskah : text

g 1+ ool angkatan # passing_grade ! int(3)
" uid:in3) Bo  youtuser | w id_topik : int(5)
-
5 judul_angkatan : varchar(50) 3 usemame :varcher(50)
@ tahun : year{4) password : varchar(50)
& status_angkatan : tinyint(1) role : varchar(20) g o tyculd t
@ id_tryout : int(11) n
Leyous k
n o ot kelas n [} ‘vl user profile 2 nama_lryoul : varchar{150) - ° Houktopl
. \ Lqizs 3 299 4 id_topik : int(5)
¢ id_kelas : int(5) ] profile : {50) _tryout : text
. nama_topik : varchar(150)
nama_kelas : varchar(20) nip_nisn : varchar(35) = tanggal_mulai : date
4 & angkatan_id : int(3) o nama : varchar(50) @ tanggal_berakhir : date
# stalus_kelas ; tinyint(4) @ alamat : varchar(150) = created_at : timestamp
4 telp : varchar(20) = updated_at : timestamp

email : varchar{150)
Mo o0 naskah tryout
—

Mo oo nitai tryout 4 id_naskah_tryout : int(11)

Tvd_ndal_lryom:inl(ﬁ) # id_tryout : Int{11) ‘

w id_naskah_tryout : int{11) * & id_naskah : in1(9) P
4., nisn : varchar(50) & durasi : inl(6)

# nilai_naskah : int{3) » urutan : int(2)

m created_at : timestamp

® updated_at : timestamp

Figure 5. Data Base system management

3.2 Implementation

a. Dashboard interface

SMKN 2 Kotabumi . Admin

Dashboard

Selamat Datang &

Daftar Try Out

Dashboard Monitoring Tryout Siswa

Kelola Naskah

Dashboard Admin ]
Monitoring sistem tryout secara real-time
Kelola Topik

Kelola Kelas
Total Akun Total Siswa Total Tryout Rata-rata Nilai

Kelola Angkatan 73 72 16.5000

ol Rata-rata Nilai Tryout 28 Partisipasi Siswa

Figure 6. Dashboard page interface
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The Admin Monitoring Dashboard (in Figure 6) for the SMKN 2 Kotabumi

Tryout serves to monitor and oversee the execution of the examination process.

. Tryout List Page
Tryout
Total Tryout

[® Naskah Tryout
@ Hasil Tryout
[ Edit Tryout

Nama Tryout 1/ tanggal Mulai tanggal Berakhir & Hapus ryout

Tes Tryout Mei 2026 01 May 202¢ 29 May 202¢

Tryout April Ol April 2026

- 1-20f2

Figure 7. Tryout List Page interface

The Tryout List page (in Figure 7) displays a summary of the examination
agenda currently being managed, featuring primary information such as the
total of two available tryout packages. The tryout list table enumerates specific
details, including names and the date range for the start and end of the
examination period. The administrator maintains full control through the 'Add
Tryout' button as well as interaction menus for each item to view manuscripts,
review results, perform edits, or delete tryout sessions according to

operational requirements.

Tryout Test Page
Tryout
Tes Tryout Mei 2026 Tryout April
O1 May 2026 - 29 May 2026 O1 April 2026 - 30 April 2026

Figure 8. Tryout Test page

The Tryout Test page (in Figure 8) displays a series of examination cards
available for students to complete, encompassing information on session
names and their respective implementation periods. There are two active
options: 'Tes Tryout Mei 2026," running from May 1 to May 29, 2026, and
"Tryout April,' scheduled from April 1 to April 30, 2026. Each card is equipped
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with a purple 'Enter’ button, which serves as direct access for participants to

commence the examination according to the predetermined schedule.

d. Report Page

SMKN 2 Kotabumi Admin

Dashboard Tryout Admin

Laporan Member

Pilih Tryout

Select Tryout v

LHAT &

Figure 9. Report Page Interface

The Report Page (in Figure 9) serves as an interface for administrators to access
specific recapitulations of student examination results. Through the 'Select
Tryout' dropdown menu, users can specify a particular exam session to be
reviewed, such as 'Tes Tryout Mei 2026', and then click the 'VIEW' button to
display participant performance data. This feature facilitates the school in
documenting scores and evaluating student learning achievements from each

implemented tryout agenda.
3.3 Testing

The implementation of black-box testing techniques aims to verify that the
system is capable of operating optimally and consistently across various device
infrastructures and in addressing diverse use-case scenarios [19]. The selection of the
Black-Box Testing method in this study is based on a testing focus that emphasizes
the external functionality of the system. This method was chosen due to its relevance
in evaluating whether each feature and module within the inventory system—
particularly the QR Code scanning mechanism and asset lending management—
operates and generates outputs that align with user requirements. Through this
approach, testing is conducted purely based on input-output scenarios without
involving an analysis of the internal code structure or the complexity of the program
architecture. This ensures that the proposed system is not only technically functional
but also adaptive and ready for deployment by end-users.

3.3.1 Black Box Testing

To evaluate the functionality and reliability of the developed system, Black Box
Testing was conducted on the main features available to administrators and
students. This testing method focuses on examining system functionality by

providing various inputs and observing the resulting outputs without considering
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the internal program structure or source code. The objective of the testing is to ensure
that each feature operates according to its specified requirements and produces the
expected outcomes. The test scenarios include dashboard access, navigation menus,
tryout management, report generation, and student exam participation. The results
of the Black Box Testing are presented in Tabel 1.

Tabel 1. Black Box Testing

Feature/ .
No Test Scenario Expected Result Status
Component
The system accurately displays
] Dashboard Accessing the main admin statistics for total accounts, S

uccses

Admin dashboard page. students, tryouts, and average

scores.
L Clicking the "Manage The system directs the
Navigasi o .
2 Sideb Manuscript" or "Manage administrator to the relevant data  Succses
idebar
Class" menu. management page.
Clicking the "+ Add Tryout" A form appears to input data for a
3  Add Tryout . Succses
button. new tryout session.
. The system displays options:

Tryout Item Selecting the three-dot . :

4 . ) Tryout Manuscript, Results, Edit, ~ Succses
Action menu on the tryout list..

and Delete.
Selecting an exam session The system processes the request
5  Report Filter from the dropdown and and displays report data according  Succses

clicking "VIEW". to the selected session.
The student is directed to the
z Student Clicking the "Enter" button question-answering page Succses
Exam Access  on one of the tryout cards. according to the applicable
schedule.
3.3.2 White Box Testing

White-box testing was conducted to evaluate the internal logic, control flow,
and code structure of the web-based SBMPTN try-out system. Unlike black-box
testing, which focuses on external outputs, white-box testing examines how program
logic is executed through conditions, loops, and internal decision structures.

In this study, white-box testing was applied to key modules, including user
authentication, question management, tryout execution, scoring process, result
reporting, and dashboard visualization. The testing method used was basis path
testing supported by cyclomatic complexity analysis to determine the number of
independent execution paths in each module, as shown in Tabel 2.

Cyclomatic complexity was calculated using the formula:

V(G)=P+1
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Where P represents the number of decision points in the program logic. This
metric is used to measure the complexity level of each module and determine the

minimum number of test cases required for full path coverage.

Tabel 2. Cyclomatic Complexity Result

No Module Predicate Cyclor.natic Independent Result
Nodes Complexity V(G) Paths
1 Login Authentication 3 4 4 Passed
2 Question Management 5 6 6 Passed
3 Tryout Execution 4 5 5 Passed
4 Scoring System 4 5 5 Passed
5 Report Generation 3 4 4 Passed
6  Dashboard Visualization 3 4 4 Passed

Based on the results, all modules show moderate complexity levels (V(G) = 4-
6), indicating that the system logic is structured, maintainable, and does not contain

excessive branching complexity.

Figure 10. Cyclomatic Complexity of Core System Modules

=6

Dashboard

Report Module

o Upper observed value

Scoring System

System Module

Tryout Engine

Question Module

Authentication

0 1 2 3 4 5 6 7
Cyclomatic Complexity

Figure 10. Cyclomatic Complexity of Core System Modules

Figure 10 illustrates the cyclomatic complexity distribution across the main
modules of the SBMPTN try-out system. The results show that the Question Module
has the highest complexity value of 6, followed by the Tryout Engine and Scoring
System with values of 5. Meanwhile, the Authentication, Report Module, and
Dashboard each show a lower complexity value of 4.

The higher complexity in the Question Module is caused by multiple decision
points related to question selection, validation logic, and dynamic data retrieval.
Similarly, the Tryout Engine and Scoring System involve conditional logic for time

management, answer evaluation, and score calculation processes.
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Overall, all modules remain within the moderate complexity range (V(G) < 6),
indicating that the system logic is still structured and maintainable. The presence of
controlled complexity suggests that the system does not suffer from excessive
branching, which reduces the risk of logical errors during execution and improves

long-term maintainability.
3.3.3 Code Coverage Analysis

To assess the quality and completeness of the software testing process, code
coverage analysis was conducted on the main modules of the system. Code coverage
measures the extent to which the source code is executed during testing and
provides an indication of how thoroughly the application has been validated. This
evaluation includes three coverage metrics: Statement Coverage, which measures
the percentage of executable statements that have been tested; Branch Coverage,
which evaluates whether all decision outcomes have been executed; and Path
Coverage, which determines the extent to which possible execution paths have been
traversed. Higher coverage percentages indicate a greater level of testing
completeness and help reduce the likelihood of undiscovered defects. The results of

the code coverage analysis for each system module are presented in Tabel 3.

Tabel 3. Code Coverage Result

Statement Branch Path
No Module Interpretation

Coverage Coverage Coverage
1 Admin Authentication 96% 94% 92% Very good
2 Disease Type Management 95% 92% 90% Very good
3 Health Center Management 94% 91% 89% Very good

LB1 Morbidity Report
93% 90% 88% Very good
Entry

5 Search and Filter 97% 95% 93% Very good
6 Data Export 92% 89% 87% Good
7 Dashboard Visualization 95% 91% 90% Very good

Overall, the code coverage results indicate that the system has achieved a
consistently high level of test coverage, with all modules obtaining coverage values
above 85% across statement, branch, and path testing metrics. This demonstrates
that the majority of the application's source code, decision branches, and execution
paths have been thoroughly exercised during the testing process. Such results reflect
strong software reliability, functional completeness, and a low probability of
undetected logical errors in the tested modules. Furthermore, the high coverage
values suggest that the implemented testing strategy was effective in validating the
core functionalities of the system, including authentication, data management,

reporting, and dashboard visualization features. Therefore, the system can be
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considered to have a robust testing quality and is adequately prepared for

operational deployment.

Figure 11. Code Coverage Results by Module

100

96
95 95
93 94

hold 5 85%

80 1

60 -

Coverage (%)

40 4

201

mm Statement Coverage
mmm Branch Coverage
B Path Coverage

\on e
men"‘ca“ \N’d“
P

t%“q\ne gy o Das‘n“"’a(d

QueB{‘G“ ooV 5(_0"\“9 \:@.\3"‘)i

System Module

Figure 11. Code Coverage Results by Module

Figure 11 presents the code coverage analysis of the system, including
statement coverage, branch coverage, and path coverage across all modules. The
results indicate that the Question Module achieves the highest coverage values, with
96% statement coverage, 93% branch coverage, and 91% path coverage. In contrast,
the Report Module shows relatively lower values but still maintains coverage above
85%.

The high coverage in the Question Module indicates that most execution paths,
including edge cases, have been tested thoroughly. This is important because the
module handles dynamic question retrieval and user interaction logic. Meanwhile,
the slightly lower coverage in the Report Module is influenced by limited branching
scenarios in report generation logic, which depends on predefined dataset
conditions.

Overall, all modules exceed the minimum acceptable threshold of 85%, which
indicates that the system has undergone comprehensive testing. These results
confirm that the application has a high level of reliability, with most statements,
branches, and execution paths successfully validated.

3.3.4 Traceability Matrix (Requirement-Testing Alignment)

To ensure alignment between system requirements and testing outcomes, a
traceability matrix was constructed. The integration of black-box and white-box
testing provides comprehensive validation from both user perspective and internal
system logic. Black-box testing confirms that the system meets functional
expectations, while white-box testing ensures that internal logic paths are correctly

implemented and free from critical structural errors. Cyclomatic complexity results
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indicate that all modules remain within acceptable complexity thresholds (V(G) <6),
suggesting maintainability and low risk of logical instability. Meanwhile, code
coverage above 85% demonstrates that most execution paths have been tested,
reducing the probability of hidden runtime defects, as shown in Tabel 4. Overall,
the system exhibits high functional reliability, stable internal architecture, and strong
readiness for deployment in educational environments.

Tabel 4. Requirement Traceability

Requirement Module Test Type Result
User authentication Login System Black-box / White-box Valid
Tryout execution Question Module Black-box / White-box Valid
Automatic scoring Scoring System Black-box / White-box Valid
Result reporting Report Module Black-box Valid
Data management Admin Panel Black-box Valid
Requirement Module Test Type Result
User authentication Login System Black-box / White-box Valid

4. Conclusion

Based on the testing and analysis results, it can be concluded that the
development of this web-based tryout monitoring system has successfully provided
an integrated platform for examination management at SMK N 2 Kotabumi. The
implementation of real-time dashboard features, manuscript management, and
automated reporting has proven to facilitate administrators in monitoring student
score progression efficiently. Black-box testing results indicate that all system
functions, ranging from exam package registration to student access, operate in
accordance with the established functional requirements. Consequently, this system
is deemed suitable for use as a digital tool to optimize students' academic
preparation through evaluation mechanisms that are more structured and
transparent.

The white-box testing results indicate that all independent execution paths
were successfully validated without logical errors. The authentication module
correctly handles login validation paths, the question module processes branching
logic for selection and retrieval, and the scoring module accurately executes
calculation and storage logic. Overall, the system demonstrates stable internal logic

and is suitable for academic tryout implementation.
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