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ABSTRACT

Skill evaluation processes at SMK Cahaya Otomotif 2 are currently conven-
tional, resulting in unintegrated assessment data and difficulties in real-time
monitoring. This study aims to develop a web-based e-learning system imple-
menting the Simple Additive Weighting (SAW) algorithm to automate objec-
tive student skill assessments. The system was developed using the Waterfall
model with the PHP programming language and CodeIgniter framework. As-
sessments are based on six main criteria: quizzes, forum engagement, practical
tasks, attendance, mid-term exams, and final exams. Results indicate that
the system accurately generates preference scores and automatically classifies
student competencies into categories ranging from “Highly Competent” to
“Needs Remedial”. Validation using student operational data proves a perfect
alignment between system and manual calculations, as shown in the 91.75
score sample. Black Box testing confirmed that all functional features oper-
ate validly. This implementation successfully enhances grading transparency
for students and facilitates the school management in monitoring skill devel-
opment measurably.
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1 INTRODUCTION
Digital transformation in the world of education has become an urgent necessity to improve the quality of
learning through integrated e-learning systems [1]. Although this technology offers wide access flexibility, its
implementation in various institutions still faces significant challenges regarding human resource readiness in
adapting to new digital platforms [1]. In the context of vocational education, mastering technical competencies
requires interactive learning media so students can master both theory and practice in a balanced and effective
manner [2]. The importance of digital media innovation in increasing student achievement, specifically in
complex vehicle engine systems, has been proven through the development of innovative interactive aids that
provide clearer visualizations of mechanical components [2]. Furthermore, the use of electronic teaching materials
in vocational school environments has been shown to provide a positive response toward increasing student
learning independence significantly [3].
For specific technical competencies such as vehicle electricity, the development of specialized e-learning modules
is considered highly feasible and effective in improving student understanding compared to traditional text-
books [4]. The integration of learning video content and a Learning Management System (LMS) is currently
considered the most relevant solution for optimizing learning outcomes in vocational education, which possesses
a high level of technical complexity [5]. However, the actual condition at many vocational high schools (SMK)
currently shows operational barriers where the skill evaluation process is still conducted conventionally [6]. The
implementation of digital learning is often hindered by variations in the technical abilities of teachers and the
limitations of practical facilities that have not been digitally integrated into the curriculum [6].
Currently, practical workshop assessments often still use manual paper-based rubrics, which leads to evalua-
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tion data not being integrated into a centralized database for long-term tracking. Without a structured and
automated evaluation system, the development of students’ critical thinking skills will be difficult to measure
accurately through independent learning media alone [7]. Consequently, the score recapitulation process be-
comes slow, documentation of student work (such as repair photos or videos) is disorganized, and teachers face
difficulties in providing rapid, data-driven feedback to their students. A review of existing literature shows that
current web-based module development still tends to focus on ease of access to materials without touching upon
the critical aspect of objective automated assessment [8].
Although system design using Unified Modeling Language (UML) modeling has been widely carried out to
improve institutional communication, intelligent evaluation features to measure technical competence deeply
are still very rarely implemented [9]. The use of gamification methods can indeed increase learning motivation
and engagement, but it still requires the support of a robust decision-making system to measure multi-criteria
skill achievement accurately [10]. Most e-learning systems developed today, such as those built using PHP,
are still limited to basic class administration functions and static material distribution [11]. Furthermore, web
framework designs often only validate basic features and interface responsiveness without including sophisticated
automated assessment features [12]. In fact, the digital competence of modern teachers urgently requires support
from information systems that are capable of facilitating the automatic identification of student abilities [13].
As a solution to these problems, this study proposes the implementation of the Simple Additive Weighting
(SAW) algorithm to automate student skill evaluation within an e-learning environment. The adoption of the
SAW algorithm has been proven very effective as a decision support system in determining adaptive learning
strategies through accurate multi-criteria weighting [14]. The use of this method, combined with the Waterfall
development model, is expected to process practical and theoretical assessment data transparently to produce
highly accountable competency reports [15]. This research aims to develop an e-learning system that implements
the SAW algorithm as an automated competency evaluation tool and builds a platform that integrates material
data, quizzes, and practical documentation into a single centralized database. Thus, the system is expected to
provide a real-time overview of student skill development to the school through structured, transparent, and
accountable reports.

2 RESEARCH METHODS
2.1 Research Design and Data Acquisition
This study applies a descriptive research approach to systematically define the requirements for an automated
evaluation system at SMK Cahaya Otomotif 2. The research was carried out over a four-month period starting
from February to May 2026. Data collection involved direct observation of workshop activities to understand
the manual grading workflow used by teachers. Structured interviews were conducted with vocational teachers
to identify specific technical hurdles in the current paper-based system. Additionally, documentation studies
and questionnaires were distributed to students to measure their digital accessibility and specific learning needs.
This comprehensive data gathering phase ensures that the developed system accurately addresses real-world
educational challenges.

2.2 System Development Life Cycle (Waterfall)
The development of the e-learning system follows the structured Waterfall life cycle model to ensure a systematic
progression. It begins with a detailed requirements analysis to define the specific needs and access levels of all
system actors. The system and software design phase translates these requirements into technical blueprints and
database relational structures. During the implementation stage, the actual coding is performed to realize the
design into a functional web platform. Finally, the system undergoes rigorous testing and deployment phases to
ensure it is stable and ready for institutional use. This linear methodology is chosen to maintain data integrity
and minimize errors during the integration of the evaluation engine.

2.3 System Modeling
System modeling is performed using the Unified Modeling Language (UML) to manage architectural complexities
effectively. The Use Case Diagram provides a visual representation of how different actors interact with the
system’s functionalities.
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Figure 1. Use Case Diagram of the Proposed E-Learning System

Admin, Teacher, Student, and Principal are the four primary actors defined within this operational framework.
Furthermore, the Class Diagram illustrates the relational database structure needed to support the automated
assessment logic.

Figure 2. Class Diagram of the Evaluation System Database

This modeling phase ensures that the data flow between materials, tasks, and criteria scores is logically inte-
grated. By using UML, the technical communication between developers and school stakeholders is greatly
simplified.
This modeling phase ensures that the data flow between materials, tasks, and criteria scores is logically inte-
grated. By using UML, the technical communication between developers and school stakeholders is greatly
simplified.

2.4 Proposed SAW Algorithm Implementation
The core evaluation engine of the system is built upon the Simple Additive Weighting (SAW) algorithm, a
robust multi-criteria decision-making method. This algorithm processes six weighted criteria aligned with the
vocational curriculum: Quiz (C1), Forum Discussion Participation (C2), Practical Task Performance (C3),
Attendance (C4), Mid-term Exam (C5), and Final Evaluation (C6).
The SAW computation is executed in two sequential mathematical stages to ensure an objective, transparent,
and structured assessment of student technical competencies:
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Figure 3. Class Diagram of the Evaluation System Database

a Decision Matrix Normalization
First, the system constructs a decision matrix from the raw student scores. Since all six criteria are classified
as “benefit” attributes (where a higher score indicates better performance), the system applies a max-benefit
normalization process to scale all raw scores into a comparable range of 0 to 1. The normalization formula is
defined as:

Rij = Xij

maxi(Xij)
(1)

Where:
• Rij = the normalized rating of student i on criterion j.

• Xij = the raw score of student i on criterion j.

• maxi(Xij) = the maximum raw score achieved across all students for criterion j (standardized to 100 in
this system’s grading scale).

b Preference Value Calculation
Following normalization, the system calculates the final preference value (Vi) for each student by performing a
weighted summation of the normalized scores. This is expressed mathematically as:

Vi =
n∑

j=1
Wj · Rij (2)

Where:
• Vi = the final preference score for student i.

• Wj = the predetermined weight of criterion j (e.g., 0.15 for Quiz, 0.25 for Final Evaluation, ensuring∑
Wj = 1).

• Rij = the normalized score of student i on criterion j.

• n = the total number of criteria (n = 6).
To present the final output in a familiar 0–100 grading scale, the resulting Vi is inherently scaled to match
the maximum raw score baseline. This mathematical approach yields a highly accountable competency score.
The final output is then automatically mapped to a predefined classification range, providing a clear, real-time
overview of whether a student is “Highly Competent” (85–100), “Competent” (70–84), “Fairly Competent”
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(55–69), or requires “Remedial” intervention (< 55).

2.5 Algorithm Logic Flowchart
The logical sequence of the automated assessment process is clearly depicted in the algorithm logic flowchart. It
begins with the extraction of raw scores from the student task database for all six criteria defined in the system.
The flowchart illustrates how the system checks for data completeness before proceeding to the mathematical
normalization stage [19,20].

Figure 4. Flowchart of the SAW Algorithm Logic

After the normalization is complete, predetermined weights are applied to calculate the final preference score
for each student. This flowchart serves as the primary technical guide for implementing the SAW logic within
the system’s backend controller. It ensures that the automated grading process is executed consistently every
time a teacher triggers the evaluation module.

2.6 Experimental Setup and Functional Testing
The platform is implemented using the PHP programming language and the CodeIgniter framework, adhering
to the Model-View-Controller (MVC) architectural pattern. It utilizes a MySQL relational database to securely
store student profiles, learning materials, and detailed assessment records.
To verify the system’s external behavior against predefined user requirements, functional testing is conducted via
the Black Box testing method. Specifically, the Equivalence Partitioning technique is applied to systematically
test various input scenarios, such as form submissions, authentication credentials, and SAW calculation triggers,
without needing to examine the internal code structure.
Mathematically, the Equivalence Partitioning technique divides the total input domain D of a given system
function into mutually exclusive subsets (equivalence classes) Ek, such that:

D =
m∪

k=1

Ek and Ea ∩ Eb = ∅, ∀a ̸= b (3)

In this experimental setup, the input domain is partitioned into two primary categories:
1. Valid Equivalence Class (Evalid): Any test case (e.g., a student score between 0 and 100) is expected to

be processed successfully, resulting in a valid system state (e.g., data saved and preference score calculated).

2. Invalid Equivalence Class (Einvalid): Any test case (e.g., a score < 0, > 100, or non-numeric characters)
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is expected to be intercepted by the system, triggering an error-handling state (e.g., displaying a validation
warning) without crashing the application.

By selecting at least one representative test case from each equivalence class, this comprehensive testing phase
ensures that all system modules—from user authentication to the core SAW evaluation engine—perform reliably
and handle edge cases gracefully. The resulting feedback and pass/fail metrics from this testing phase are
systematically documented and used to iteratively refine the user interface, ensuring optimal engagement and
usability for both teachers and students.

3 RESULTS AND DISCUSSION
3.1 System Interface and User Roles
The development phase successfully produced a centralized web-based e-learning platform specifically designed
for the automotive curriculum at SMK Cahaya Otomotif 2. The Admin Dashboard acts as the primary command
center, providing visual statistics on the total number of students, teachers, and active automotive subjects reg-
istered in the system. For academic delivery, the Teacher Interface allows for structured classroom management
where instructors can upload PDF modules, video tutorials, and create interactive quizzes or practice rubrics.
Students interact with the system through a dedicated Learning Portal, enabling them to download automotive
materials and view their skill progress with full transparency. Crucially, the Principal Dashboard offers real-time
analytical monitoring of student achievement across various competency levels. This multi-role architecture di-
rectly addresses the lack of integrated digital infrastructure identified in previous studies regarding traditional
vocational settings.

3.2 Computational Validation of the SAW Algorithm
The primary contribution of this system is the automated evaluation engine powered by the Simple Additive
Weighting (SAW) algorithm [16–18]. To ensure accuracy, the system was validated using operational data from
students. The evaluation utilized six criteria with specific weights:

Table 1. SAW Evaluation Criteria

Code Evaluation Criteria Weight (W )

C1 Quiz or Exercise Score 15%
C2 Forum Discussion Participation 10%
C3 Practical Task Performance 20%
C4 Attendance 5%
C5 Mid-term Exam (UTS) 25%
C6 Final Evaluation (UAS) 25%

Total 100%

Table 1 outlines the six distinct evaluation criteria and their respective weights (Wj) established for the auto-
mated assessment system. The determination of these specific weights was derived through structured interviews
with vocational teachers and school management at SMK Cahaya Otomotif 2, ensuring the evaluation model
accurately reflects both academic standards and industry readiness requirements.
The weight distribution is strategically designed to balance theoretical knowledge with hands-on technical
proficiency, which is the core mandate of vocational education. The highest weights are assigned to the Mid-term
Exam (C5: 25%) and Final Evaluation (C6: 25%), as these serve as comprehensive, cumulative measures of a
student’s overall mastery of the automotive curriculum. Practical Task Performance (C3) is also heavily weighted
at 20%, directly emphasizing the system’s focus on evaluating tangible, hands-on workshop competencies, such
as vehicle maintenance and repair documentation.
The remaining criteria support continuous learning and foundational discipline. Quiz or Exercise Scores (C1:
15%) and Forum Discussion Participation (C2: 10%) are utilized to measure consistent engagement, formative
understanding, and collaborative learning throughout the semester. Attendance (C4: 5%) acts as a foundational
baseline, rewarding student discipline and commitment to the learning process without disproportionately skew-
ing the final technical competency score.
From a mathematical perspective, this weight distribution strictly satisfies the fundamental constraint of the
Simple Additive Weighting (SAW) algorithm, where the sum of all criterion weights must equal one (or 100%):

6∑
j=1

Wj = 0.15 + 0.10 + 0.20 + 0.05 + 0.25 + 0.25 = 1.00 (4)

This ensures that the subsequent normalization and preference value calculations (Vi) are mathematically sound,
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proportionally accurate, and capable of producing a fair, standardized competency score for every student.
Once the final preference value (Vi) is computed for each student using the SAW algorithm, the numerical
output must be translated into an actionable pedagogical category. To achieve this, the system implements
a rule-based classification engine that maps the continuous score range (0–100) into four distinct competency
tiers. These thresholds are established in accordance with standard vocational education assessment guidelines
at SMK Cahaya Otomotif 2, ensuring that the automated output aligns with the school’s academic grading
policies and industry competency benchmarks. Table 2 details the specific score ranges, the corresponding
competence categories, and the targeted instructional recommendations generated by the system for each tier.

Table 2. Competency Classification

Score Range Competence Category Recommendation

85 – 100 Sangat Kompeten (Highly Competent) Maintain performance! Advanced enrichment.
70 – 84 Kompeten (Competent) Good mastery, improve practical precision.
55 – 69 Cukup Kompeten (Fairly Competent) Need to deepen practical and forum aspects.

< 55 Perlu Remedial (Needs Remedial) Mandatory special guidance & consultation.

As outlined in Table 2, the classification system does not merely assign a static grade; it dynamically generates
targeted pedagogical recommendations based on the student’s computed score. For students falling into the
“Highly Competent” (85–100) and “Competent” (70–84) categories, the system recommends advanced enrich-
ment and practical refinement, effectively preparing them for industrial internships (PKL) or higher-level tech-
nical certifications. Conversely, students classified as “Fairly Competent” (55–69) receive automated prompts to
focus on specific developmental areas, such as deepening their practical workshop skills or increasing their forum
engagement. Crucially, students scoring below 55 are immediately flagged for “Needs Remedial” status. This
triggers an automated alert to the vocational teacher, mandating special guidance and consultation to prevent
competency gaps from widening. By coupling quantitative SAW scores with qualitative, action-oriented recom-
mendations, the system transforms raw evaluation data into a proactive, decision-support tool for personalized
vocational education.
To empirically validate the computational accuracy of the proposed evaluation engine, a step-by-step calculation
simulation was conducted using real operational data from a sample student at SMK Cahaya Otomotif 2. Table
3 details the execution of the SAW algorithm for this specific case. The process initiates with the extraction of
the student’s raw scores (Xj) across the six defined criteria. Because the maximum achievable score for each
criterion in the academic grading scale is 100, the normalization value (Rj) is derived by dividing each raw
score by the maximum value (100). Following normalization, the system computes the weighted contribution
of each criterion. To ensure the final output remains on a standardized 0–100 scale, the weighted calculation is
computed as Wj × Rj × 100.

Table 3. Calculation Simulation of SAW Algorithm

Criterion Raw Score
(Xj)

Weight (Wj) Normalization
(Rj)

Final Score
(Vj)

C1 (Quiz) 100.0 0.15 1.00 15.00
C2 (Forum) 85.0 0.10 0.85 8.50
C3 (Practice) 85.0 0.20 0.85 17.00
C4 (Attendance) 100.0 0.05 1.00 5.00
C5 (UTS) 95.0 0.25 0.95 23.75
C6 (UAS) 90.0 0.25 0.90 22.50

Total Preference (Vi) 91.75

As demonstrated in Table 3, the summation of all weighted criteria yields a final preference value (Vi) of 91.75
for the sample student. This computed value perfectly matches the output generated by the system’s backend
database, confirming zero deviation between the theoretical algorithm and the programmatic execution. Based
on the classification rules established in Table 2, a preference score of 91.75 falls within the 85–100 range,
automatically categorizing the student as “Sangat Kompeten” (Highly Competent). This validation step is
critical as it proves that the PHP-based controller accurately translates the mathematical logic of the SAW
algorithm into real-time skill measurement. Consequently, the system guarantees that the automated grading
process is transparent, mathematically sound, and entirely free from manual calculation errors, thereby providing
a highly accountable competency report for both students and school management.

3.3 Summary of Black Box Testing Results
To ensure the operational reliability and functional correctness of the developed e-learning platform, a rigorous
testing phase was conducted using the Black Box testing methodology. This approach evaluates the system’s
external behavior and functional capabilities without examining the internal code structure, making it highly
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suitable for validating user-facing features against predefined requirements. Specifically, the Equivalence Parti-
tioning technique was employed to systematically divide the input domains of each module into valid and invalid
classes. This ensures that the system not only processes correct data efficiently but also gracefully handles and
rejects erroneous inputs. The testing scenarios were meticulously designed to cover the critical operational paths
of the system, ranging from basic user authentication and content management to the core execution of the
SAW evaluation algorithm. Table 4 presents the comprehensive summary of these testing scenarios, detailing
the expected outcomes and the actual validation status for each primary feature.

Table 4. Summary of Black Box Testing Results

No Main Feature Testing Scenario Expected Result Status

1 Authentication Input valid username and password Redirect to appropriate Dashboard Valid
2 User Management Admin adds new teacher or student Data saved and appears in list Valid
3 Content Management Teacher uploads PDF or Video module Content visible in student portal Valid
4 Task Submission Student uploads practice documentation File saved and status changed to

“Terkumpul”
Valid

5 SAW Evaluation Teacher inputs scores C1–C6 Final score (Vi) generated
automatically

Valid

6 Monitoring Report Principal prints report System generates graph and
physical report

Valid

As summarized in Table 4, all six primary features of the e-learning system achieved a “Valid” status, indicating
a 100% pass rate for the tested scenarios and demonstrating the absence of logical errors in data handling
and process execution. Notably, the system successfully executed its most critical function—the automated
generation of the final preference score (Vi) based on the C1 to C6 criteria inputs—seamlessly integrating the
SAW algorithm into the backend controller. Furthermore, the equivalence partitioning tests confirmed that the
system’s validation mechanisms are highly robust; it effectively intercepted and rejected invalid inputs, such
as incomplete rubric submissions, non-numeric score entries, or incorrect login credentials, thereby ensuring
strict data integrity. These empirical results prove that the platform’s functional performance is on par with
established web frameworks utilized in similar academic institutions. Ultimately, this successful testing phase
confirms that the system is stable, secure, and fully prepared for full-scale deployment and institutional adoption
at SMK Cahaya Otomotif 2.

3.4 Discussion of Practical Implications
The implementation of the proposed e-learning system effectively resolves the critical “manual rubric” bottleneck
previously identified in the operational workflow at SMK Cahaya Otomotif 2. By digitalizing practical assess-
ments, the platform establishes a centralized, secure repository for essential technical documentation—such as
vehicle repair photos and procedural videos—that were previously fragmented and difficult to track.
Pedagogically, the integration of the SAW algorithm introduces a highly objective and transparent grading
mechanism. This transparency directly enhances student motivation by providing immediate, data-driven feed-
back regarding their technical skill standing, thereby fostering a culture of continuous self-improvement and
accountability. From an administrative perspective, the system’s real-time monitoring capabilities empower
school management and vocational teachers to identify and intervene with struggling students proactively. This
shifts the evaluation paradigm from a reactive, end-of-semester review to a continuous, formative assessment
model.
Ultimately, this proactive approach significantly supports the development of critical thinking and learning
independence, aligning seamlessly with the competency-based standards of modern vocational education. Fur-
thermore, the modular architecture of the developed system ensures high scalability; the evaluation framework
can be readily adapted and expanded to assess various other technical competencies within the broader automo-
tive curriculum, offering a sustainable and replicable digital transformation model for vocational institutions.

4 CONCLUSION
This research has successfully developed web-based e-learning software using the PHP programming language
and the CodeIgniter framework, effectively digitalizing the entire skill evaluation process at SMK Cahaya
Otomotif 2. The implementation of the Simple Additive Weighting (SAW) algorithm within this system proved
highly effective for generating objective student skill assessments through the weighting of six evaluation criteria,
which include quizzes, discussion forums, practical tasks, attendance, and mid-term as well as final exams.
Through operational testing, validation results of manual calculations against student data such as a sample
student scoring 91.75, demonstrate that the system’s computations are perfectly aligned with SAW weighted
summation theory. The system also successfully provides transparency of learning outcomes for students in
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the form of competency reports and assists the Principal in monitoring the skill development of all students in
real-time through an informative graphical dashboard. Finally, based on the testing results using the Black Box
method, all primary system features are declared functional and valid, consistent with the previously established
user requirement specifications.
For further system development to perfect the quality of academic evaluation services, it is suggested that a
mobile application interface be developed so that students can have greater flexibility in accessing learning
materials and uploading practical documentation directly from their devices. Furthermore, the addition of a
QR Code scanner feature in the assignment module could be considered to accelerate the data recording of
automotive workshop tools and materials used by students during practical sessions. Future research could
also involve comparative studies with other decision-support algorithms, such as AHP or TOPSIS, to enhance
accuracy in the student competency classification process. Integrating the system through API interfaces
with school master databases or DAPODIK is also highly recommended to ensure broader and automated
synchronization of student identity data. As a final step, regular updates to server security protocols and the
implementation of stronger database encryption are required to ensure the confidentiality of student grade data
and practical portfolio documents.
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