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Abstract

Education is an important foundation in the development of knowledge, skills, and attitudes in accordance with the values of life. This
process aims to improve people's standard of living. In this context, Madrasah Ibtidaiyah (MI) Irsyadul Athfal faces a challenge in selecting
outstanding students which is still done subjectively, with the main focus on academic scores without considering other aspects. To improve
objectivity and efficiency in assessment, this research proposes the use of machine learning technology with the K-Means clustering
algorithm. This research aims to develop a prediction model for outstanding students based on academic and non-academic data, such as
attendance, summative, mid- and end-of-semester assessments, and extracurricular activities. The K-Means algorithm was chosen because
of its advantages in clustering data that is fast, simple, and flexible. The research was conducted at MI Irsyadul Athfal with observation
data from local students. The results of the research are expected to provide accurate predictions of outstanding students, support more
objective decision making, and increase student motivation in developing their potential. In addition, this research is also a reference for
the development of similar prediction systems in other educational institutions.
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1. Introduction

Education is a process of learning knowledge, skills, and habits passed from one generation to the next through various methods, aiming
to foster better lives with attitudes and behaviors aligned with core values. Prediction, on the other hand, is the activity of estimating the
most likely events in the future based on past and present information [1]. According to the Indonesian Dictionary (KBBI), prediction is
the result of estimating or forecasting future outcomes using historical data. It is a systematic process to minimize the gap between predicted
results and actual outcomes [2].

Madrasah Ibtidaiyah (MI) is a formal educational institution providing general education with an Islamic character. MI Irsyadul Athfal, a
private MI located in Depok, West Java, plans to select its best students this year to recognize academic and extracurricular achievements
[3]. Currently, the student evaluation system is largely subjective, relying only on academic performance such as report card grades, without
considering other aspects of student development [4].

To address this issue, an innovative solution is to implement machine learning using the K-Means clustering algorithm. By analyzing data
from students in grades 4, 5, and 6 in 2024—including academic and non-academic aspects like grades, attendance, and extracurricular
participation—the algorithm can group students based on similarities [5]. This approach allows objective identification of high-achieving
students while capturing patterns in both academic and non-academic performance [6].

This study aims to develop a predictive model for high-achieving students at MI Irsyadul Athfal using K-Means clustering. The model not
only clusters students by performance levels but also provides a ranking feature based on combined indicators [7]. It is expected to help
curriculum administrators select outstanding students more objectively and motivate students to improve both academic and non-academic
skills, fostering balanced development and maximizing their potential [8].

2. Research Methodology

2.1. Cross Industry Standard Process for Data Mining (CRISP-DM)

This system was developed using the CRISP-DM (Cross Industry Standard Process for Data Mining) methodology, a widely adopted
standard for planning, managing, and executing data mining projects. CRISP-DM is iterative and flexible, making it adaptable across
various industries and research fields. Its application in this system ensures a systematic approach to developing a predictive model for
high-achieving students, covering problem understanding, data processing, model building, evaluation, and implementation of predictions
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into a web-based application [9]. This methodology provides a structured and flexible framework, supporting the entire data mining
development process efficiently.
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Fig. 1: Cross Industry Standard Process for Data Mining (CRISP-DM)

The stages of the CRISP-DM method are explained as follows:

1. Business Understanding:
The system objectives were identified to help the madrasa, particularly the vice principal for curriculum, in objectively identifying
high-achieving students. The main issue was the absence of a system capable of automatically grouping students based on both
academic and non-academic data.

2. Data Understanding:
This stage involved collecting, exploring, and analyzing initial student data. The dataset included report card grades, attendance, and
extracurricular scores from grades 4, 5, and 6 of MI Irsyadul Athfal in the 2024 academic year. The goal was to understand the
structure, distribution, and quality of the data and ensure its relevance for modeling.

3. Data Preparation:
Collected data were cleaned and transformed, including handling missing values, normalizing data, and creating a new dataset ready
for modeling. Weightings were assigned to each variable (grades 50%, attendance 30%, extracurricular 20%) to support the clustering
process.

4.  Modeling:
The K-Means Clustering algorithm was applied to group students into three main clusters: High-achieving, Competent, and Needs
Guidance. K-Means was chosen for its effectiveness in identifying patterns in unsupervised data and grouping students based on
similar characteristics.

5. Evaluation:
The clustering results were evaluated to ensure they reflected the initial objectives. The distribution of data in each cluster was
examined, and 2D and 3D visualizations were used along with a ranking feature based on the average of the three indicators (grades,
attendance, extracurricular). This ensured the model’s accuracy and usefulness for decision-making at the madrasa level.

6. Deployment:
The final model was implemented in a web-based application. Users can input student data, automatically perform clustering, visualize
results, and export reports in PDF format. The system serves as a practical and efficient tool for selecting high-achieving students at
MI Irsyadul Athfal.

2.2. K-Means Clustering Algorithm

The method used in this study is the K-Means Clustering algorithm, an unsupervised learning technique for grouping data into clusters
based on similarity. The process begins by determining the number of clusters (k), followed by randomly initializing k centroids as the
starting points. Each data point is then assigned to the nearest centroid using Euclidean distance, after which the centroids are recalculated
as the mean of all data points in their respective clusters. This assignment and update process is repeated iteratively until the centroids
stabilize (converge) or the maximum number of iterations is reached, resulting in optimal cluster formation [10].

d(x,e) = y/(x; — 1) + (x5 — €)%+ + (X — )2

Fig. 2: Euclidean Distance Formula

3. Result and Discussion

The student selection system at Madrasah Ibtidaiyah Irsyadul Athfal serves as a mechanism to recognize students with outstanding
achievements in both academic and non-academic fields. Currently, the selection process is carried out manually through direct nomination
based on teacher interviews, which limits efficiency and accuracy [11]. Moreover, the absence of analytical technology in predicting high-
achieving students reduces the objectivity of the results. To address these challenges, a web-based application with predictive features
using the K-Means Clustering algorithm is proposed. This system is expected to improve both efficiency and accuracy in identifying
outstanding students, particularly assisting the Vice Principal for Student Affairs [12].

The proposed application integrates several key features to support effective identification and analysis of student data. It includes student
data management for adding, updating, and deleting records such as grades, attendance, and extracurricular participation, along with bulk
data import through Excel or CSV files [13]. The K-Means Clustering algorithm is applied to group students into categories based on
similar characteristics, with the number of clusters determined manually or via the Elbow Method. Results are visualized in scatter plots,
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and the Elbow Method graph assists in selecting the optimal cluster number. All clustering outcomes are stored in a database for further
analysis, while an interactive dashboard provides easy access to data, features, and comprehensive summaries of the analysis results [14].

3.1. Functional and Non-Functional Requirements

In developing a web-based application for predicting high-achieving students at Madrasah Ibtidaiyah Irsyadul Athfal, it is necessary to
define system requirements to ensure the application functions effectively and efficiently. The requirements are categorized into two types:
functional requirements, which describe the core features that the system must provide, and non-functional requirements, which specify
the hardware and software environment needed to support the system. These requirements serve as the foundation for system design and
development to meet the goals of accuracy, usability, and efficiency in the student selection process.

Table 1: Functional Requirements

No | Functional Requirements l Description
1 Dashboard Provu'ies tools for preparing student data, running predictions, and visualizing results in
graphical form.
2 Data Import Allows users to upload student data in bulk (Excel or CSV format) to simplify data entry.
3 o Implements K-Means Clustering to identify high-achieving students based on academic and
Prediction .
non-academic data.
4 Data Export Generates reports of predicted high-achieving students, exportable in formats such as PDF.
Table 2: Non-Functional Requirements
No Non-Functional i
R Description
Requirements
1 Operating System Minimum Windows 10 for system compatibility.
2 Memory (RAM) At least 4 GB RAM to ensure smooth performance.
3 Web Browser A modern browser is required, with Google Chrome recommended for optimal use.

3.2. Data Collection and Preprocessing

The data collection and preprocessing stage serves as the foundation for developing the student achievement prediction system. The dataset,
consisting of 228 records, was obtained from the administration office of Madrasah Ibtidaiyah Irsyadul Athfal and includes academic
performance, attendance, extracurricular activities, and other relevant information. After collection, the data underwent preprocessing steps
such as cleaning, handling missing values, normalization, and selecting relevant attributes. These steps were carried out to ensure data
consistency and quality before applying the K-Means clustering algorithm [15].

3.3. Algorithm Testing and Evaluation Results

At this stage, testing was conducted to evaluate the algorithm’s ability to group students based on the defined characteristics. Furthermore,
clustering results were assessed to measure the accuracy and relevance of the clusters, both statistically and through domain-specific
interpretation. Below is a screenshot of the source code for the algorithm testing and evaluation results.

inertia = []

for k in range(l1, 6):
kmeans = KMeans(n_clusters=k, random_state=8)
kmeans. fit(X)
inertia.append(kmeans.inertia_}

t.figure()
t.plot(range(1, 6

t.title('E

kmeans = KMeans{n_clusters=3, random_state=8)
df["cl '] = kmeans.fit_predict(X)

Fig. 3: Source code for Euclidean

Based on the code shown above, the formula used to calculate Euclidean distance is:

dE-udidenﬂ. (:B, lo') =

Explanation:

. Z! summation over index %

* ; and y;: the 4-th components of each vector

Fig 4. Formula Euclidean
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Table 3: Manual Calculations for the Five Student Samples

No Full Name Report Card Attendance Extracurricular Score
Score
1 FADHIL 75 85 80
2 RAASYIKA 40 65 59
3 ALFARO 90 80 80
4 RHEVINKA 85 75 85
5 KAYLA 75 80 75
Table 4: Centroid Value Examples

centroid Yi | Y2 I y3

m 50 65 70

m, 75 75 75

m; 85 85 85

Table 5: Results of Manual Euclidean Distance Calculation

No Full Name ml m2 m3 Min m (Min m)*2
1 FADHIL 33.541 11.180 11.180 11.180 125

2 RAASYIKA 14.866 39.762 55.687 14.866 221

3 ALFARO 43.875 16.583 8.660 8.660 75

4 RHEVINKA 39.370 14.142 10.000 10.000 100

5 KAYLA 29.580 5.000 15.000 5.000 25

Based on the calculation results from the table above, each individual data point has three distances to the centroids (m1, m2, and m3). The
smallest value (Min m) among them is selected and then squared to obtain (Min m)? From these calculations, the output clusters can be
observed after the iteration process, as shown in the following data.

Table 6: Clusters
Cl1 : Raasyika

2 : Kayla
C3 : Fadhil, Alfaro, Rhevinka

3.4. Dashboard

It displays student data including name, academic score, attendance, extracurricular score, cluster classification, and average score. The
system categorizes students into the "Outstanding" cluster based on their performance, with average scores ranging above 91. The interface
also provides features such as adding new data, uploading files, processing clustering, exporting data to PDF, and filtering clusters.
Additionally, each student entry includes action buttons to edit or delete data, making the system efficient for managing and analyzing
student achievement records.

Daftar Siswa - Prediksi Siswa Berprestasi

+ Tambah Data = Upload File | Export PDF
~

Filter Cluster:  Semua Cluster

Nilai  Kehadiran Ekstrakurikuler Cluster Rata-rata
1 ELZAVIRA ANINDYA FITRI 9438  100.00 85.00 93.13 Edit
2 FATIH NAZIRUL ABIYAN 9400  100.00 85.00 93.00 Edit
3 AISYAH NUR AINI 9246  100.00 85.00 92.49 Edit m
4 RAYA KHANSA HUWAIDA 9215 100.00 85.00 92.38 Edit
5 AZZAHRA BAITI NUR RAHMA 9645  100.00 80.00 92.15 Edit
6 AHMAD FADHILAH PRASETYA 9408  97.00 85.00 92.03 Edit M
7 NAZWA RAHMA SYAFHIRA 9092  100.00 85.00 91.97 Edit w
8 ANNISA PUTRI WIJAYA 9215 98.00 85.00 91.72 Edit @
9 RANIA PUTRI DILLA 93.00  97.00 85.00 91.67 Edit m
10 RAYYA QAREEMA PUTRI 9377 96.00 85.00 91.59 Edit m

Fig. 5: Dashboard
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4. Conclusion

After completing the design of the outstanding student prediction system at Madrasah Ibtidaiyah Irsyadul Athfal using the K-Means
Clustering algorithm in a web-based application, the study concludes that the system was successfully developed to integrate both academic
and non-academic data, including report card grades, attendance, and extracurricular participation. This system provides a more objective
and comprehensive alternative compared to the conventional manual selection method. The implementation of K-Means Clustering
effectively grouped students into clusters based on data patterns, making it easier for schools to identify top-performing students. Testing
with eight respondents indicated that the application is user-friendly, provides relevant clustering accuracy, and supports more effective
and efficient decision-making.

The research has successfully developed a real-time student prediction system using data from Madrasah Ibtidaiyah Irsyadul and applied
the K-Means Clustering algorithm to predict outstanding students. However, the development and implementation process faced limitations
due to time constraints. For future improvements, it is recommended to integrate additional methods such as classification or weighting
techniques (e.g., SAW or TOPSIS) to provide more detailed ranking or recommendations. Further research could also include broader
testing with more respondents and involving multiple madrasahs to evaluate the system’s generalization and scalability.
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