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Abstract

Education plays a crucial role in shaping quality human resources, and student achievement evaluation at the junior high school level is
essential for supporting academic guidance, learning programs, and recognition of outstanding students. However, the increasing number
of students often makes the process of identifying and categorizing achievement more complex. This study aims to develop a student
clustering model at SMP Budi Utomo Binjai using the K-Means algorithm as part of a data mining approach. The input data consisted of
638 student records covering three main variables: average score, counseling score, and extracurricular score. Data were preprocessed and
transformed before being processed using MATLAB R2014a, which provides a kmeans() function to automatically group the data into
clusters. Several clustering trials were conducted with three to six clusters to evaluate the grouping performance. The results showed that
students could be grouped into categories of high, medium, and low achievement, with each cluster having different characteristics of
average, counseling, and extracurricular scores. Variance analysis indicated that clusters with smaller variance values represented more
compact and homogeneous groupings, while clusters with higher variance values were more heterogeneous. The findings demonstrate that
the K-Means algorithm is effective in grouping student performance data objectively, providing useful insights for teachers and school
administrators to design more targeted learning strategies, academic interventions, and recognition systems. This research highlights the
potential of data mining techniques to support decision-making processes in the education sector.
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1. Introduction

Education is one of the main factors in developing quality human resources. At the junior high school level, evaluating student achievement
is essential as a basis for decision-making, whether in determining learning programs, providing academic guidance, or giving awards to
outstanding students. However, the large number of students often becomes an obstacle in the process of identifying and grouping
achievements.

SMP Budi Utomo Binjai has a relatively large number of students in each grade, thus requiring an efficient method to group students based
on their scores. This grouping is useful for understanding student characteristics, adjusting learning strategies, and giving awards or special
attention more objectively. One method that can be applied is K-Means Clustering. K-Means is a non-hierarchical data mining algorithm
used to cluster data into several groups based on similarity of characteristics. Its principle is to first determine the number of clusters (k),
then the algorithm randomly selects initial centroids, calculates the distance of each data point to the centroids, and assigns the data to the
nearest cluster. This process repeats until the centroids stabilize and the final optimal clusters are formed. Through this approach, students
can be grouped into high, medium, and low achievement categories more objectively and systematically.

This study aims to develop a student grouping model at SMP Budi Utomo Binjai using the K-Means algorithm as a reference for evaluation,
guidance, and learning strategy planning. Data mining with the clustering technique was chosen because it can extract important
information from educational data, as demonstrated by previous studies (Nanda et al., 2023; Ani et al., 2021; Saputra & Pakereng, 2023)
that proved the effectiveness of K-Means in identifying outstanding students.

Based on this background, the research problem can be formulated as follows: how the process of grouping student achievement data based
on scores can be effectively carried out, what results are obtained when the K-Means algorithm is applied in such grouping, and how the
implementation of K-Means can help schools identify high, medium, and low-achieving students more objectively..
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2. Main Body

The steps carried out for processing student data at SMP Budi Utomo Binjai using the Clustering method with the K-Means algorithm
produce new information and knowledge regarding high-achieving students based on their scores. The grouping is conducted by
considering the variables of Average Score, Counseling Score, and Extracurricular Score. The results of this process provide insights that
can be used as a basis for further strategies in delivering instruction tailored to the characteristics and needs of students.

In this study, data processing was carried out using MATLAB, a numerical computing software that offers strong support for data analysis,
statistics, and the implementation of machine learning algorithms. MATLAB provides the kmeans() function, which enables researchers
to perform data clustering automatically.

2.1. Discussion of Input Data

The system input data consists of data obtained from SMP Budi Utomo Binjai. The system input data was stored in Microsoft Office Excel
as a data container, then transformed based on the transformation values of each variable used. The details of the input data, variables, and

transformation values applied in the system are as follows:

1. Input Data

File name : analisis.xlsx
Number of records : 638 data entries
Variables : - X = Average Score

- Y = Counseling Score
- Z = Extracurricular Score

2. Clustering Groups : 3 clusters
3. Data Transformation Values for Variables

Table 1: Transformed Data Values of Variables

Nilai
No Variabel Transformasi
Transformasi
91-100 1
81-90 2
1 Nilai Rata-rata 71-80 3
61-70 4
<60 5
91-100 1
) Nilai Bimbipgan 81-90 2
Konseling 71-80 3
61-70 4
<60 5
91-100 1
3 Nilai Ekskul 81-90 2
71-80 3
<70 4

2.2. Implementation

In this chapter, the results of testing the data mining analysis software for student data at SMP Budi Utomo using MATLAB R2014a will
be explained to obtain new information and knowledge regarding the students of SMP Budi Utomo Binjai, based on the variables of
Average Score, Counseling Score, and Extracurricular Score. Implementation in this context refers to the process in which the transformed
data is applied into the programming environment used and processed according to the clustering method with the K-Means algorithm.
This allows us to determine the extent to which the system performs in processing the data and whether the results meet the users’ needs.

2.2.1. Clustering Trial Using MATLAB

After implementing the method into the system design for data clustering, it is necessary to conduct testing to evaluate the results of the
implementation. The testing is carried out by processing the system’s input data. The display below shows the results of the clustering
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process, including the data grouping visualization in the form of a graph with coordinate points representing data clusters and their

centroids. The results of the clustering process are presented as follows:

1. Results of 3 Clusters
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Fig. 2 : Results of 3 Clusters

In the figure above, it can be seen that Cluster 1 contains 56 data points, Cluster 2 contains 458 data points, and Cluster 3 contains 124
data points, with a total of 638 data points. The system trial results represent the output generated from the processing of the input data
tested using MATLAB 2014a. The description of the clustering results using the K-Means algorithm is as follows:

Table 2 : Cluster Centroids of the System Results

Variabel Jumlah
N Pusat Clust:
[} usat Cluster X Y 7 Data
1 Centroid 1 2.1567 2 1.3214 58
2 Centroid 2 2.1863 2.0021 3.1986 458
3 Centroid 3 2.0967 5 3.6451 124

Based on the table of clustering results obtained from the testing process, it can be observed that:

a) Group 1, with 56 data points, can be classified based on an Average Score of 81-90, Counseling Score of 8§1-90, and
Extracurricular Score of 91-100.
b) Group 2, with 458 data points, can be classified based on an Average Score of 81-90, Counseling Score of 81-90, and
Extracurricular Score of 71-80.
c¢) Group 3, with 124 data points, can be classified based on an Average Score of 81-90, Counseling Score of <60, and
Extracurricular Score of <70.
d) Cluster variance.
Variance Cluster 1 = 0.3287
Variance Cluster 2 = 0.3226
Variance Cluster 3 = 0.52¢€0

Based on the variance results, it can be concluded that Cluster 2 has the tightest data distribution (variance = 0.3226), followed
by Cluster 1 (variance = 0.3287), while Cluster 3 shows the largest spread (variance = 0.5260), indicating that the data within
this cluster is more heterogeneous. This means that Cluster 2 and Cluster 1 can be considered as better groupings since their
members are relatively homogeneous, whereas Cluster 3, although still grouped, has greater data variation, which affects the

overall quality of the clustering.
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2. Results of 4 Clusters
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Fig. 2 : Results of 4 Clusters

In the figure above, it can be seen that Cluster 1 contains 89 data points, Cluster 2 contains 458 data points, Cluster 3 contains 35 data
points, and Cluster 4 contains 56 data points, with a total of 638 data points. The system trial results represent the output generated from
processing the input data tested using MATLAB 2014a. The description of the clustering results of community data using the K-Means
clustering algorithm is as follows:

Table 3 : Cluster Centroids of the System Results

No Pusat Cluster Variabel Jumlah
X Y Z Data
1 Centroid 1 2.1011 5 4 %
2 Centroid 2 2.1863 2.0021 3.1986
458
3 Centroid 3 2.0857 5 2.7428 35
4 Centroid 4 2.1567 2 1.3214 56

Based on the clustering results table obtained from the testing process, the following observations can be made:

a)
b)
©)
d)

e)

Group 1, with 89 data points, is classified with an Average Score of 81-90, Counseling Score <60, and Extracurricular Score
71-80.

Group 2, with 458 data points, is classified with an Average Score of 81-90, Counseling Score 81-90, and Extracurricular
Score 71-80.

Group 3, with 35 data points, is classified with an Average Score of 81-90, Counseling Score <60, and Extracurricular Score
81-90.

Group 4, with 56 data points, is classified with an Average Score of 81-90, Counseling Score 81-90, and Extracurricular Score
91-100.

Cluster Variance

Variance Clusterxr 1 = 0.3226
Variance Cluster 2 = 0.4980
Variance Cluster 3 = 0.3287
Variance Cluster 4 = 0.0909

Based on the variance values of each cluster, it is shown that Cluster 4 has the smallest variance of 0.0909, indicating the
tightest and most homogeneous data distribution among all clusters. Meanwhile, Cluster 2 has the largest variance of 0.4980,
meaning the data in this cluster is more dispersed and heterogeneous compared to the others. Cluster 1 (0.3226) and Cluster 3
(0.3287) fall within the medium variance range, suggesting that both clusters group the data fairly well, although some
variability remains. Therefore, it can be concluded that the most optimal clustering result is represented by Cluster 4, while
Cluster 2 requires further attention due to its higher data variation.

3. Results of 5 Clusters
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Fig. 3 : Results of 5 Clusters
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In the figure above, it can be seen that Cluster 1 contains 56 data points, Cluster 2 contains 119 data points, Cluster 3 contains 5 data points,
Cluster 4 contains 82 data points, and Cluster 5 contains 376 data points, with a total of 638 data points. The system trial results represent
the output generated from the processing of the input data tested using MATLAB 2014a. The description of the community data clustering
results using the K-Means clustering algorithm is as follows:

Table 4 : Cluster Centroids of the System Results

No Pusat Cluster Variabel Jumlah
X Y Z Data
1 Centroid 1 2.1567 2 1.3214 56
2 Centroid 2 2.1008 5 3.7478
119
3 Centroid 3 2 5 1.2000 5
4 Centroid 4 3.0325 2.0121 3.2926 2
5 Centroid 5 2.0017 2 3.1781
376

Based on the clustering results table obtained from the testing process, the following can be observed:

a) Group 1, with 56 data points, is classified by an Average Score of 81-90, Counseling Score of 81-90, and Extracurricular Score
of 91-100.
b) Group 2, with 119 data points, is classified by an Average Score of 81-90, Counseling Score <60, and Extracurricular Score <70.
¢) Group 3, with 5 data points, is classified by an Average Score of 81-90, Counseling Score <60, and Extracurricular Score of 91—
100.
d) Group 4, with 82 data points, is classified by an Average Score of 71-80, Counseling Score of 81-90, and Extracurricular Score
of 71-80.
e) Group 5, with 376 data points, is classified by an Average Score of 81-90, Counseling Score of 81-90, and Extracurricular Score
of 71-80.
f)  Cluster variance.
Variance Cluster 1 = 0.1470
Variance Cluster 2 = 0.241S5S
Variance Cluster 3 = 0.2445S
Variance Cluster 4 = 0.2568
Variance Cluster S = 0.5260

Based on the variance calculation results, Cluster 1 has the smallest variance value of 0.1470, indicating the tightest and most
homogeneous data distribution. Cluster 2 (0.2415), Cluster 3 (0.2445), and Cluster 4 (0.2568) show relatively moderate variance
values, meaning that although some diversity exists, the data within these clusters remain fairly compact. Meanwhile, Cluster 5
has the highest variance value of 0.5260, which indicates that its data is more dispersed and heterogeneous compared to the other
clusters. Thus, it can be concluded that Cluster 1 represents the most optimal clustering result, while Cluster 5 is considered the
least optimal due to its high data variation.

4. Results of 6 Clusters
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Fig. 4 : Results of 6 Clusters
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In the figure above, it can be seen that Cluster 1 consists of 374 data points, Cluster 2 consists of 26 data points, Cluster 3 consists of 60
data points, Cluster 4 consists of 54 data points, Cluster 5 consists of 89 data points, and Cluster 6 consists of 35 data points, with a total
of 638 data points. The system trial results represent the output generated from the processing of input data tested using MATLAB 2014a.
The description of the community data clustering results using the K-Means clustering algorithm is as follows :

Table 5 : Cluster Centroids of the System Results

No Pusat Cluster Variabel Jumlah
X Y Z Data
1 Centroid 1 2 2 3.1737

374



1570

Journal of Artificial Intelligence and Engineering Applications

2 Centroid 2 3.0128 2.0384 4

26
3 Centroid 3 3.0166 2 2.9666 60
4 Centroid 4 2.1255 2 1.2962

54
5 Centroid 5 2.1011 5 4 %
6 Centroid 6 2.0857 5 2.7428 35

Based on the clustering results table obtained from the testing process, the following can be observed:

a)
b)
©)
d)

e)
f)

g)

Group 1, with 374 data points, is classified by an Average Score of 81-90, Counseling Score of 81-90, and Extracurricular Score
onrgllllzgz(?'with 26 data points, is classified by an Average Score of 71-80, Counseling Score of 81-90, and Extracurricular Score
ézgﬁp 3, with 60 data points, is classified by an Average Score of 71-80, Counseling Score of 81-90, and Extracurricular Score
%frglll;)%gwith 54 data points, is classified by an Average Score of 81-90, Counseling Score of 81-90, and Extracurricular Score
onrzl.]u;lS(?%/ith 89 data points, is classified by an Average Score of 81-90, Counseling Score <60, and Extracurricular Score <70.
Group 6, with 35 data points, is classified by an Average Score of 81-90, Counseling Score <60, and Extracurricular Score of
éllgft(e):r variance.

Variance Cluster 1 = 0.1470
Variance Cluster 2 = 0.0909
Variance Cluster 3 = 0.4980
Variance Cluster 4 = 0,2445
Variance Cluster 5 = 0.2308
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Based on the variance calculation results, it is shown that Cluster 2 has the smallest variance value of 0.0909, indicating that the
data within this cluster is very compact and homogeneous, making its clustering quality highly optimal. On the other hand,
Cluster 3 has the highest variance of 0.4980, showing that the data is more dispersed and heterogeneous compared to the other
clusters. Meanwhile, Cluster 4 (0.2445), Cluster 5 (0.2308), and Cluster 6 (0.2524) fall within the medium variance range, which
means they still maintain a reasonable level of compactness despite some diversity among members. Thus, it can be concluded
that the best clustering result is represented by Cluster 2, whereas Cluster 3 represents the lowest clustering quality.

3. Conclusion

Berdasarkan hasil penelitian menggunakan algoritma K-Means dengan bantuan MATLAB R2014a terhadap 638 data siswa SMP Budi
Utomo Binjai, diperoleh beberapa temuan penting :

a)

b)

<)

d)

Pada uji coba 3 cluster, jumlah siswa terbagi menjadi 56 siswa pada Cluster 1, 458 siswa pada Cluster 2, dan 124 siswa pada
Cluster 3. Variance yang dihasilkan menunjukkan bahwa Cluster 2 (0,3226) memiliki sebaran data paling rapat, diikuti Cluster
1 (0,3287), sementara Cluster 3 memiliki variance terbesar (0,5260).

Pada uji coba 4 cluster, siswa terbagi menjadi 89 siswa pada Cluster 1, 458 siswa pada Cluster 2, 35 siswa pada Cluster 3, dan
56 siswa pada Cluster 4. Variance terkecil terdapat pada Cluster 4 (0,0909) yang menandakan pengelompokan paling homogen,
sedangkan variance terbesar terdapat pada Cluster 2 (0,4980).

Pada uji coba 5 cluster, jumlah siswa terbagi menjadi 56 siswa pada Cluster 1, 119 siswa pada Cluster 2, 5 siswa pada Cluster 3,
82 siswa pada Cluster 4, dan 376 siswa pada Cluster 5. Variance terkecil ada pada Cluster 1 (0,1470), sementara Cluster 5
memiliki variance terbesar (0,5260).

Pada uji coba 6 cluster, jumlah siswa terbagi menjadi 374 siswa pada Cluster 1, 26 siswa pada Cluster 2, 60 siswa pada Cluster
3, 54 siswa pada Cluster 4, 89 siswa pada Cluster 5, dan 35 siswa pada Cluster 6. Hasil variance menunjukkan bahwa Cluster 2
adalah yang paling optimal dengan nilai 0,0909, sedangkan Cluster 3 paling lemah dengan variance 0,4980.

Secara keseluruhan, dapat disimpulkan bahwa pengelompokan terbaik diperoleh pada uji coba 4 cluster dan 6 cluster, di mana variance
terendah berada pada Cluster 4 (0,0909) dan Cluster 2 (0,0909). Hal ini menunjukkan bahwa algoritma K-Means mampu mengelompokkan
siswa secara objektif menjadi kelompok berprestasi tinggi, menengah, dan rendah, sehingga hasilnya dapat dijadikan dasar strategi
pembelajaran yang lebih tepat sasaran.
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