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Abstract

Student achievement refers to academic accomplishments or results obtained by students in the field of education, which can
influence the process of determining student academic grades, class achievement, and accomplishments. This process plays a
strategic role in supporting objective educational decision-making, especially in the preparation of coaching programs, the
establishment of awards, and the continuous development of student potential. Based on this, the purpose of this study is to
analyze data on high-achieving students using the K-Means and C4.5 algorithms. The research methods used include K-means,
which functions to group student data into different groups. C4.5 classification is capable of analyzing data characteristic
similarities, and the results of the decision tree are used as the basis for the decision-making process. The dataset in this study
consisted of 345 students from SMK Negeri 3 Padangsidimpuan. Based on the results of this study, it was proven that the
application of the K-Means and C4.5 algorithms could achieve an accuracy of 98.59%. This research contributes to identifying
high-achieving students at SMKN 3 Padangsidimpuan using the K-Means and C4.5 algorithms, which can assist the school in
formulating more effective and targeted guidance policies and presenting the results of identifying high-achieving students
after clustering and decision tree analysis. This serves as a basis for decision-making in determining student development

programs based on objectively identified academic and non-academic achievement clusters.
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1. Introduction

In today's digital age, data has become a valuable asset
in supporting effective decision-making in various
sectors, including education. The education system in
Indonesia requires a technology-based approach to
optimize the use of data in improving the quality of
education [1]. By introducing quality education, more
experts are beginning to pay attention to the learning
process. The main focus of educational evaluation
reform has now shifted towards the concept of
evaluating this process. Most teachers place greater
emphasis on assessing student learning progress, both in
terms of scientific aspects and completeness [2].
Technology and decision support systems play an
important role in ensuring that the educational data
obtained can be analyzed effectively and interpreted
correctly, thereby supporting more effective and data-
driven decision making. To that end, grouping based on
Education Performance Reports is required, as well as
the application of decision support system algorithms
through clustering methods [3].

Student  achievement  refers to  academic
accomplishments or results obtained by students in the
field of education. Given the large amount of data
involved, this can influence the process of determining
student academic grades, class achievement, and school
achievement in assessing student achievement as a

whole [4]. Collecting data and identifying patterns
among student groups is important, but there are several
limitations to this process. One of the main obstacles is
the selection of variables used. The variables selected
must have a significant correlation with student
achievement. This means that not all variables selected
will necessarily influence student learning [5].

In the context of educational technology and the current
digital age, well-organized analysis and presentation of
learning data is essential to improve student engagement
and learning outcomes. This includes students' ability to
plan, monitor, and evaluate their own learning process,
which is the key to academic success [6]. Unsupervised
machine learning can be applied to group students and
provide personalized recommendations in education.
This serves as a guide for integrating machine learning
technology into education systems, and demonstrates
how computational tools can support educators in
improving engagement, equity, and academic success in
increasingly digitized classrooms [7].

Cluster analysis can classify and process similar data.
However, if the initial cluster centers in K-Means are
chosen randomly, there is a possibility that some centers
will be in the same cluster, thereby significantly
reducing the validity of the clustering results [8]. Based
on activity patterns and fitness levels, participants can
be grouped using cluster analysis. This method is used
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to reduce datasets with many variables, so that natural
groups within the data can be identified [9].

In machine learning, K-Means is used to find clusters
and patterns in data. This algorithm begins with the
random selection of a number of cluster centers
(centroids), then each data point is placed on the nearest
centroid. After that, the position of the centroid is
updated based on the average of the data points in the
cluster, and this step is repeated until the position of the
centroid no longer changes [10]. The K-Means
algorithm is used in the clustering process. The process
is carried out through centroid initialization, assigning
data points to the nearest centroid, updating the centroid
position, and repeating iterations until convergence is
achieved [11]. K-means serves to group student data
into different clusters. K-means requires time for
convergence and the structure of the data set being
studied. K-means shows that the number of iterations is
related to the quality of clustering and can help identify
irrelevant features in the data, as well as improve the
results of existing feature selection algorithms [12].

Classification techniques are efficient algorithms for
constructing decision trees to handle both discrete and
numeric attributes. These algorithms serve to describe
or distinguish classes or concepts of data in the
classification process. The main objective of
classification is to determine relevant attributes, while
in clustering, data is organized according to the required
categories [13].

Classification is performed by analyzing the similarity
of data characteristics, and the results of the decision
tree are used as the basis for the decision-making
process. This approach is part of data mining, which
aims to predict the membership of a data set in a
particular group [14]. Classification is a data analysis
model that forms a decision model such as feasible or
not feasible. It functions to read Excel files to access
data, and a decision tree algorithm is applied to run the
classification method [15].

Decision trees are widely recognized as an effective tool
for classification. Decision trees have a structure
consisting of root nodes, branches, and leaf nodes that
are used to predict outcomes. Decision trees focus on
explaining decision tree algorithms and their application
in classifying student academic performance [16].

2. Methods

Research methodology is a series of systematic steps
used to design, conduct, and evaluate scientific research
in order to achieve predetermined objectives. This
methodology includes the selection of research types
and approaches, data collection techniques, data
analysis methods, and procedures for testing and
validating research results.

The research framework is a conceptual structure that
describes the systematic flow of the entire research
process, starting from problem identification, literature
review, data collection, to the data analysis and pre-
processing stages, which include cleaning, selection,
and transformation processes. The processed data is
then analyzed using the K-Means algorithm for student
grouping, followed by the C4.5 algorithm to form a
decision tree as the basis for classifying high-achieving
students. The final stage includes model evaluation,
system implementation, result testing, and presentation
of results and discussion as the basis for drawing
research conclusions.

2.1 K-Means Algorithm

The steps in the K-Means algorithm begin with
determining the number of clusters and selecting initial
centroids at random. After that, the distance of each data
point is calculated relative to each centroid to determine
the most appropriate cluster. This process continues by
updating the position of the centroid based on cluster
members until the algorithm reaches a convergent
condition [17]:

a. Determining the K Value
b. Determine the Initial Centroid
PYRE

==1—:i=123...n

n

v= ey
In this formula, V represents the new centroid value
obtained from recalculating the cluster center,
while n indicates the amount of data included in
each cluster. The new centroid value is calculated
based on the average of all data in the cluster,
thereby reflecting a more accurate cluster center in
each iteration of the clustering process.

c. Calculate Euclidean Distance

D(i,j) = i = Xi)? + Ko =~ K2+ + K — X2 (2)
D(ij) is the distance between data i and cluster
center j, which is used to determine the proximity
of data to a cluster. The value Xki represents data i
in attribute k, while Xkj represents the value of
cluster center j in the same attribute. This distance
calculation is fundamental to the data clustering
process because it determines the placement of data
into the most appropriate cluster.

d. Recalculate the new centroid
e. K-Means Clustering Results
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Figure 1. Research framework

2.2 (4.5 Algorithm

After obtaining the data grouping results, the next step
is to apply the C4.5 method to build a classification
model. This method works by selecting attributes that
have the highest information value as the basis for data
separation. In general, the C4.5 algorithm involves
calculating gains, forming decision nodes, and creating
branches until a complete decision tree structure is
formed as follows [12]:

a. Entropy

Entropy(S) = XiL, — pi * log, pi A3)

Entropy (S) represents the total entropy value used to
measure the level of uncertainty in data set S. Variable
n indicates the number of partitions formed in set S,
while pi represents the proportion of each partition S; to
the entire data set S. This entropy value forms the basis
of the attribute evaluation process because it reflects

how homogeneous or heterogeneous the data
distribution is in each partition.

b. Gain

Gain(S, A) Entropy(S) — ?zl%*Entropy(Si) O]

S represents the set of all cases analyzed, while 4
indicates the attributes used in the calculation process.
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The Entropy(S) value indicates the total uncertainty
level in the case set S, with n as the number of partitions
generated by attribute 4. Meanwhile, |Si| indicates the
number of cases in the i-th partition and |S| indicates the
total cases in set S, which are used to calculate the
weight of each partition in the attribute evaluation
process.

3. Results and Discussions

This study integrates the K-Means and C4.5 algorithms
to comprehensively analyze student data. The K-Means
algorithm is used in the initial stage to group data based
on similarity of characteristics through an iterative
process until homogeneous clusters are obtained. Next,
the clustering results are classified using the C4.5
algorithm to form an entropy-based decision tree and
information gain as the basis for objective decision
making.

3.1 Preprocessing

Data pre-processing is the initial stage that serves to
prepare data so that it can be processed optimally in the
subsequent analysis process. The data used in this study
came from students at SMK Negeri 3 Padangsidimpuan.
This stage is very important to ensure that the data used
is of good quality, free from errors, and consistent. The
pre-processing process includes three main steps,

namely cleaning, data selection, and data
transformation.
Table 1. Dataset
No X1 X2 X3 X4 X5
1 82,9 83 82,9 92 80
2 83,6 83 83,4 92 92
3 87,7 86,3 87,3 92 94
4 84,3 83 83,9 92 95
5 89,3 87,3 88,7 92 92

Table 1 presents the average calculation results of a
number of variables used in the study. Each value
displayed represents the quality level of students based
on predetermined indicators. The data that has
undergone this transformation process is then ready to
be used in the statistical analysis stage to identify high-
achieving students in a more in-depth and objective
manner.

3.2 K-Means Method Analysis

The data analysis process begins with the application of
the K-Means algorithm. This algorithm is used to find
patterns or groups of data that have similar
characteristics, thereby revealing hidden structures in
the dataset. This method plays an important role in
identifying student performance trends and grouping
them based on similar academic characteristics. The K-
Means stages begin with determining the number of
clusters, setting the initial centroid, then grouping each
data point to the nearest centroid, until the iteration
process produces stable and representative groups.

No X1 X2 X3 X4 X5 Y

1 82,9 83 82,9 92 80  Moderate
2 83,6 83 83,4 92 92 High

3 87,7 86,3 87,3 92 94 High
4 84,3 83 83,9 92 95 High

5 89,3 87,3 88,7 92 92 High

6 84 83 83,7 92 94 High

7 88,3 88,3 88,3 92 92 High

8 89 88,3 88,8 92 86  Moderate
9 84,3 83,7 84,1 92 80  Moderate
10 10,7 26,7 15,5 92 82 Low
11 83,9 84 83,9 92 82 Moderate
12 85,4 84 85 92 90 High
13 85,7 84 85,2 92 85 Moderate
14 86,3 84,7 85,8 92 85 Moderate
15 84,3 83,7 84,1 92 87  Moderate
16 86,3 84,7 85,8 92 96 High
17 23 54 32,3 92 80 Low

Table 2. K-Means Clustering Results

Figure 3. shows the final results of the K-Means
clustering process for each data point based on the five
attributes analyzed. It shows the mapping of each data
point to the centroid with the smallest distance based on
the five distance values compared. The information in
the table provides an overview of the data trends for
each cluster.

3.3 C4.5 Analysis

After the clustering process with K-Means produces
groups of students based on similarity of characteristics,
the next step is to build a classification model using the
C4.5 algorithm. At this stage, the cluster results are
combined with other supporting attributes to calculate
the gain and gain ratio values in order to determine the
most influential attributes.

Figure 2 this is based on the tree structure above, the
visualization results show that the decision trees formed
using the C4.5 method in both models have identical
structures. This indicates that differences in the dataset
division scenarios do not affect the attribute selection or
decision rules generated by the model.

3.4 Evaluation Process

Model evaluation is performed by comparing the
identification results produced by the system with
validation values that serve as a benchmark for
accuracy. This conformity indicates that the model is
capable of effectively learning data patterns and
producing classifications that are consistent with actual
conditions. This evaluation matrix displays the actual
values and predicted values for each class.
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Figure 3. Evaluation Results

Figure 3. shows that although the training and test
datasets are different, they perform well with accuracy,
precision, recall, and Fl-score values reaching 98% to
99%. This indicates that the model is able to classify all
data correctly without prediction errors. Both datasets
have almost the same high level of accuracy and
reliability.

4. Conclusions

The model for identifying high-achieving students,
which combines the K-Means algorithm for clustering
and C4.5 for classification, has proven effective in

analyzing student characteristics. The implementation
of the model shows high accuracy, indicating that the
combination of these two algorithms can be used as a
reliable tool for data-driven decision making in
education. These results support the formulation of

objective and targeted student coaching and
development programs.
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