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Abstract: Academic achievement mapping is an important process in higher education to sup-
port effective academic monitoring and guidance. In practice, student grouping is often con-
ducted manually by academic staff using simple criteria such as Grade Point Average (GPA) 
thresholds and subjective judgment, without systematic data analysis. This study aims to apply 
the Fuzzy C-Means (FCM) clustering algorithm to objectively group students based on their 
academic achievement levels. The dataset consists of academic records from 179 sixth-semester 
students of the Computer Science Study Program at Universitas Islam Negeri Sumatera Utara, 
where 160 eligible students are processed in the FCM calculation. Three variables are used: cu-
mulative GPA, total completed credits, and the total number of low grades (D/E). The FCM al-
gorithm automatically performs the mapping and groups students into three categories, namely 
excellent, stable, and at-risk students. Cluster quality is evaluated using the Silhouette Score and 
Davies–Bouldin Index, showing satisfactory clustering performance. The results indicate that 
the proposed approach provides a data-driven and objective basis for academic decision support. 
  
Keywords: academic achievement; clustering; fuzzy c-means; student 

 
 

Abstrak: Pemetaan pencapaian akademik mahasiswa merupakan proses penting dalam 
pendidikan tinggi untuk mendukung pemantauan dan pembinaan akademik yang tepat sasaran. 
Dalam praktiknya, pengelompokan mahasiswa masih sering dilakukan secara manual oleh pihak 
akademik berdasarkan kriteria sederhana, seperti batasan Indeks Prestasi Kumulatif (IPK) dan 
penilaian subjektif, tanpa analisis data yang sistematis. Penelitian ini bertujuan menerapkan 
algoritma Fuzzy C-Means (FCM) untuk mengelompokkan mahasiswa secara objektif 
berdasarkan tingkat pencapaian akademik. Data penelitian berasal dari 179 mahasiswa semester 
enam Program Studi Ilmu Komputer Universitas Islam Negeri Sumatera Utara, dengan 160 
mahasiswa memenuhi kriteria dan diproses menggunakan algoritma FCM. Variabel yang 
digunakan meliputi IPK kumulatif, jumlah SKS yang telah ditempuh, dan total nilai rendah 
(D/E). Proses pemetaan sepenuhnya dilakukan oleh algoritma FCM dan menghasilkan tiga 
kategori mahasiswa, yaitu unggul, stabil, dan berisiko. Evaluasi menggunakan Silhouette Score 
dan Davies–Bouldin Index menunjukkan kualitas pengelompokan yang cukup baik. 
 
Kata kunci: fuzzy c-means; clustering; mahasiswa; pencapaian akademik 
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INTRODUCTION 

 

Student academic achievement is 
one of the main indicators used to evalu-

ate the effectiveness of the learning pro-
cess in higher education institutions[1]. 

This achievement is commonly repre-
sented by indicators such as Grade Point 
Average (GPA), the number of complet-

ed credits, and the consistency of stu-
dents’ academic performanc [2], [3]. In-

formation on academic achievement 
plays a strategic role for institutions in 
evaluating learning outcomes, formulat-

ing academic policies, and designing sus-
tainable student development programs 

[4]. 
Along with the increasing number 

of students and the growing complexity 

of academic data, manual evaluation and 
grouping processes have become less ef-

fective and are prone to subjectivity [5], 
[6]. Although academic information sys-
tems store large volumes of student data, 

these data are often used only for admin-
istrative reporting and have not been op-

timally analyzed to generate strategic in-
sights for decision making [7]. This con-
dition highlights the need for data-driven 

analytical approaches that can process 
academic data objectively, accurately, 

and efficiently [8], [9]. 
The application of data mining 

techniques in the educational domain, 

known as educational data mining, has 
been widely adopted to extract meaning-

ful patterns and knowledge from academ-
ic data [10]. One of the commonly used 
techniques is clustering, which groups 

data based on similarity among certain 
characteristics [11], [12]. Through clus-

tering, students can be classified into 
several academic categories that repre-
sent their achievement levels, thereby 

supporting academic monitoring and de-
cision-making processes [13]. 

Several previous studies have 

demonstrated the effectiveness of cluster-
ing techniques in analyzing student aca-
demic performance. For instance, prior 

research applied K-Means clustering to 
classify students based on GPA and 

course completion patterns, successfully 
identifying groups of high-risk and high-
performing students [13]. Other studies 

utilized hierarchical clustering to explore 
learning behavior patterns and academic 

progression trends, providing insights for 
early academic intervention programs. 
Additionally, comparative studies be-

tween hard clustering and soft clustering 
approaches indicate that soft clustering 

methods are more flexible in representing 
complex student characteristics, as stu-
dents may exhibit overlapping academic 

attributes [8]. 
Fuzzy C-Means (FCM) extends 

conventional hard clustering by permit-
ting data points to have partial member-
ship in more than one cluster [14], [15], 

[16]. This characteristic makes FCM par-
ticularly suitable for modeling student 

academic conditions, which are often un-
certain and cannot be strictly classified 
into a single category [17]. Although 

previous studies have applied FCM in 
educational contexts, its application for 

grouping students based on academic in-
dicators as a foundation for academic de-
cision support systems remains limited, 

especially in different institutional and 
data contexts [18]. 

Some recent studies have imple-
mented FCM to evaluate academic risk 
levels and student learning outcomes, 

showing improved interpretability of 
cluster structures compared to conven-

tional partitioning methods [19]. Howev-
er, most of these studies focus only on 
classification results without integrating 

the clustering outcomes into a structured 
academic decision support framework. 
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Furthermore, variations in institutional 

data characteristics—such as differences 
in curriculum structures, credit systems, 
and grading policies—suggest the need 

for contextualized implementation and 
validation of FCM models [20]. 

Based on this research gap, this 
study aims to apply the Fuzzy C-Means 
algorithm to group students according to 

their academic achievement levels using 
indicators such as GPA, completed cred-

its, and other relevant academic data. The 
resulting clusters are expected to provide 
an objective overview of students’ aca-

demic conditions and serve as a basis for 
developing an academic decision support 

system to assist institutions in designing 
more targeted and data-driven student 
guidance and intervention strategies [21]. 

 

 

METHOD 

 

This study adopts a data mining 

approach using clustering techniques to 
group students based on their academic 

achievement levels. The research subjects 
are sixth-semester undergraduate students 
of the Computer Science Study Program 

at Universitas Islam Negeri Sumatera 
Utara (UINSU) Medan, class of 2022. 

The dataset consists of 179 student rec-
ords, of which 160 students meet the data 
completeness criteria and are processed 

using the Fuzzy C-Means (FCM) algo-
rithm, while the remaining data are ex-

cluded due to incomplete academic rec-
ords. The dataset includes cumulative 
Grade Point Average (GPA) from semes-

ters 1–6, the total number of completed 
credits, and the total number of low 

grades (D/E) as indicators of academic 
risk. All data were obtained from the fac-
ulty academic database with due consid-

eration of research ethics and data confi-
dentiality [22]. 

 
Figure 1. Research Framework 

 

The research framework begins 
with identifying problems related to the 
lack of objective and data-driven student 

grouping. The research stages include 
data collection and preprocessing, deter-

mination of the number of clusters, and 
application of the Fuzzy C-Means algo-
rithm through iterative processes until 

convergence is achieved. The clustering 
results are used to classify students into 
three categories: excellent, stable, and at-

risk students. Cluster quality is evaluated 
using the Silhouette Coefficient and Da-

vies–Bouldin Index to assess cluster sep-
aration and compactness. The results are 
presented in the form of tables, graphs, 

and cluster visualizations as a basis for 
developing an academic decision support 

system [23]. 
 
 

RESULT AND DISCUSSION 

 

Data Analysis and Dataset 

This study developed a student 
grouping system based on academic 

achievement using the Fuzzy C-Means 
(FCM) algorithm. The dataset was ob-

tained from the academic transcript rec-
ords (Kartu Hasil Studi/KHS) of students 
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from semesters 1–6 in the Undergraduate 

Computer Science Program at Universi-
tas Islam Negeri Sumatera Utara (UIN-
SU) Medan, class of 2022, with a total of 

179 students. Of these, 160 students met 
the data completeness criteria (≥ 6 semes-

ters) and were processed using FCM, 
while 19 students were not processed due 
to incomplete semester data. 

The variables used include cumu-
lative GPA from semesters 1–6, total 

completed credits (SKS) from semesters 
1–6, and total number of D/E grades 
from semesters 1–6, representing aca-

demic performance, academic progress, 
and academic risk, respectively. 

 
Table 1. Summary of the Research Da-

taset (Key Information) 

Component Number 

Total student data 179 

Eligible data (≥ 6 
semesters) 

160 

Incomplete data (< 
6 semesters) 

19 

 

Data Preprocessing and Normalization 

The preprocessing stage included 

data completeness validation, numeric 
data type conversion, duplicate removal 
based on student ID (NIM), and elimina-

tion of missing values in the main fea-
tures. Subsequently, the eligible data 

were normalized using the Min–Max 

normalization method to equalize feature 

scales prior to the clustering process. 
 
Table 2. Minimum and Maximum Fea-

ture Values (Eligible Data) 

Feature Minimum Maximum 

GPA se-
mesters 1–6 

1.48 3.83 

Total cred-

its (SKS) 
semesters 

1–6 

89 136 

Total D/E 
grades se-

mesters 1–6 
0 21 

 
Implementation of Fuzzy C-Means 

The FCM algorithm was applied 

with three clusters (c = 3) and a fuzziness 
coefficient (w = 2). The iterative process 

continued until convergence was 
achieved, resulting in the final cluster 
centroids and membership degrees for 

each student. Based on the centroid pat-
terns, the clusters were interpreted in an 
academic context. 

 
Table 3. Final Cluster Centroids (Origi-

nal Scale) 

Cluster GPA 
Credits 
(SKS) 

Total 
D/E 

0 1.93 106.04 16.75 

1 3.12 124.76 4.54 

2 3.50 128.61 0.56 

 

Cluster Mapping and Interpretation 

Based on centroid characteristics, 

each cluster was mapped to an academic 
category as follows: 

 

Table 4. Cluster-to-Category Mapping 

Cluster Category 

0 At-Risk 

1 Stable 

2 Excellent 

 

The Excellent cluster is character-

ized by high GPA and credit completion 
with a low number of D/E grades, indi-

cating strong academic performance and 
the potential for early graduation. The 
Stable cluster reflects moderate academic 

achievement with a high likelihood of 
on-time graduation. Meanwhile, the At-

Risk cluster shows low GPA and credit 
completion with a high number of D/E 
grades, indicating potential delays in 

graduation. 
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Student Grouping Results 

The distribution of clustering re-
sults was analyzed for both the entire da-
taset and the eligible data subset. 

 
Table 5. Student Grouping Summary 

(Total 179 Students) 

Category Number 
Percentage 

(%) 

Excellent 69 38.55 

Stable 82 45.81 

At-Risk 9 5.03 

Not pro-

cessed 
19 10.61 

 
Table 6. Student Grouping Summary (El-

igible Data – 160 Students) 

Category Number 
Percentage 

(%) 

Excellent 69 43.12 

Stable 82 51.25 

At-Risk 9 5.62 

 

The results indicate that the Stable 
category dominates, followed by Excel-
lent, while the At-Risk category has the 

smallest proportion but still requires aca-
demic attention. 

Figure 3. Number of Students per 
Category (Total 179 Students) 

 
Figure 4. Percentage Distribution of 

Categories (Eligible Data – 160 Students) 

 
Clustering Quality Evaluation 

The quality of the clustering re-

sults was evaluated using internal valida-
tion metrics. 

 
Table 7. Clustering Evaluation Results 

Metric Value Interpretation 

Silhouette 

Score 
0.5535 

Adequate 

cluster sepa-
ration 

Davies–

Bouldin 
Index 

0.6230 

Relatively 
compact 

cluster struc-
ture 

 

 
A Silhouette Score above 0.5 and 

a relatively low DBI value indicate that 
the clustering results are sufficiently reli-
able for interpretation and decision-

making. 
 

System Output 

The system produces final outputs 
in Excel (.xlsx) format containing student 

data, clustering results, membership de-
grees, and final academic categories (Ex-

cellent, Stable, At-Risk, and Not Pro-
cessed). These outputs are ready to be 
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used as a basis for academic reporting 

and decision support systems. 
 
 

CONCLUSION 

 

This study demonstrates the ef-
fective application of the Fuzzy C-Means 
(FCM) algorithm for grouping students 

based on academic achievement from 
semesters 1–6 using cumulative GPA, 

total completed credits, and the number 
of D/E grades as key indicators. The pro-
posed system successfully performs data 

preprocessing, Min–Max normalization, 
and iterative clustering to generate mean-

ingful membership values and cluster 
centroids, which are subsequently 
mapped into three academic categories: 

Excellent, Stable, and At-Risk. The clus-
tering results show that the Stable catego-

ry dominates, followed by Excellent, 
while At-Risk students represent a small-
er proportion but require targeted aca-

demic intervention. Cluster quality eval-
uation produced a Silhouette Score of 

0.5535 and a Davies–Bouldin Index of 
0.6230, indicating a sufficiently well-
separated and compact clustering struc-

ture. Moreover, the system accommo-
dates students with incomplete semester 

records by including them in the final 
output, supporting comprehensive aca-
demic reporting. Future work should 

consider additional academic variables, 
alternative clustering techniques, larger 

datasets, and the development of a fully 
integrated academic monitoring and deci-
sion support system. 
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