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Abstract 
 

In the world of education, students are the main object of every educational implementation that always prioritizes disciplines that are 

beneficial to the students themselves. However, in lecture activities there are students who are diligent in participating in lecture activities 

and there are also those who rarely participate in lecture activities, this can be caused by internal and external factors, so that there can 

be significant variations in student learning achievements, with some achieving high grades, while others face difficulties in achieving 

the same achievements. Based on the description of the problem, the researcher conducted a study that aimed to group students based on 

factors that affect student learning achievement using the k-means clustering algorithm. The results of the research conducted produced 

3 clusters with cluster 1 there were 5 data, the group of students with a very satisfactory predicate GPA (3.50-4.00), supported by both 

internal and external factors (interval 3.1-4). Cluster 2 has 3 data, the group of students with a satisfactory predicate GPA (3.00-3.49), 

supported by both internal and external factors (interval 2.1-3), and cluster 3 has 5 data, the group of students with a satisfactory predicate 

GPA (3.00-3.49), supported by both internal and external factors (interval 3.1-4). 
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1. Introduction 
 

Education is a learning process towards self-development in order to be able to compete in accordance with the demands of today's times. 

Advances in science and technology are necessary to improve the quality of education. Improving the quality of education can be achieved 

through improvement, change, and renewal of factors that affect the success of education. The success of education can be seen from the 

achievement of learning achievements obtained by students after carrying out their learning activities which are expressed in the form of 

numerical values or letters. The achievement of learning achievement is influenced by two factors, namely internal factors are factors 

that exist in individuals such as health, interests, talents, motivation, attitude and intelligence level. And external factors are factors that 

exist outside the individual such as family support, association and learning environment [1].  

 

In the world of education, students are the main object of every educational implementation that always prioritizes disciplines that are 

beneficial for the students themselves or others. However, in lecture activities there are students who are diligent in participating in 

lecture activities and there are also those who rarely participate in lecture activities which can be caused by internal and external factors, 

so that there can be significant variations in student learning achievements [2]. 

 

Based on the description of the problem, this study aims to group student data based on factors that affect student learning achievement 

by using the k-means clustering algorithm which is to find out and form student clusters that have the same characteristics. 

 

2. Literature Review 
 

2.1. Data Mining 
 

Data mining is an integral part of Knowledge Discovery in Database (KDD) which is the overall process of converting raw data into 

useful information. The KDD process consists of a series of transformation stages, from the data preprocessing process and the data 

postprocessing process where the data preprocessing process aims to convert the raw data into a suitable format for further analysis. 

The steps taken include fixing dirty or duplicate data, and selecting records and features that are relevant to the next data management 

process [3], [4]. 
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2.2. Clustering 
 

Clustering is a data analysis technique used to group objects or data into similar groups based on their characteristics or attributes. The 

main purpose of clustering is to find hidden structures or patterns in the data without labels and previous information about existing 

classes or groups [5], [6]. 
 

2.3. K-Means 
 

The K-Means algorithm is a data grouping technique that involves a number of k clusters. This approach divides data into clusters based 

on the degree of similarity between data in a cluster and dissimilarities grouped into different clusters. The center of the cluster is the 

average of the cluster member values, called the centroid or center of gravity [7]. 

 

The following are the stages in clustering or grouping with the K-Means algorithm: 

1) Determine the number of clusters (k) 

2) Specifies the centroid (the midpoint coordinates of each cluster), for the first iteration it is randomly retrieved 

3) Calculate the distance of an object to the centroid by using the dEuclidean or Manhattan distance formula 

4) Determining the distance of each object to the midpoint coordinates 

5) Group these objects based on their closest distance . 

 

2.4. Learning Achievement 

Achievement reflects the achievements obtained after carrying out learning activities. To understand the extent of success in the learning 

process, measurement or evaluation of learning is carried out. The results of this evaluation indicate the achievements that have been 

achieved in participating in a special learning process. Learning achievement is defined as the result of an assessment of knowledge, 

skills, and attitudes expressed in the form of grades [8]. 

3. Research Methods 

 
3.1. Research Methods 

 

Research methodology is a way to investigate and trace a problem by using careful and meticulous scientific methods to collect, process, 

and analyze data, as well as draw conclusions systematically and objectively to solve a problem or to reach a hypothesis, with the aim of 

obtaining knowledge that is useful for human life. The stages of research methodology in completing this research are [9]: 

              

                                                                               

Fig. 1: Research Workflow 

 
1. Preparation  

This stage is the initial stage of the research process which will be carried out by determining the background of the problem, by 

looking for a problem and then formulating what problems are and how the process of solving them. 

2. Theoretical Studies 

The collection of theories related to the subject matter such as data mining, clustering, K-Means algorithms, and factors that 

affect student learning achievement as well as case studies collected from various sources such as journals, books, and other 

references. 

3. Data Collection 

At this stage, the data needed to make the thesis was collected, namely student data obtained from a questionnaire filled out by 

STMIK Kaputama Binjai students. 

4. Data Analysis and Data Processing 

Preparation  

Theoretical Studies 

 

Data Collection 

 

Data Analysis and Data Processing 

 

Testing and Implementation 

 

Final Stage 
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At this stage, the supporting data that has been obtained in the previous stage will be analyzed, by conducting an analysis using 

the K-Means Clustering algorithm to obtain the results of student grouping based on factors that affect student learning 

achievement. 

5. Testing and Implementation 

At this stage, the results obtained from the data that have been processed or implemented into the Matlab R2014a application 

will be tested. 

6. Final Stage 

At this stage, it is the stage of drawing conclusions and suggestions from the research that has been carried out. With the 

conclusion, the results of the entire thesis will be known and suggestions for improvement and benefits for others are expected. 

4. Results And Discussion 
 

4.1.  Results 

 
In analyzing data in a study, supporting data is needed so that a research can run as expected. The data collection process was taken from 

a questionnaire that was shared with the number of questions related to the GPA range as well as Internal Factors and External Factors, 

each of which had 25 questions and the data to be grouped was the number of questionnaire answer results. The supporting data for the 

research in this study are: 
Table 1: Internal Factor Data (Ability, Interest, Motivation, and Health) 

 

Name 

Internal Factor 

No Ability Interest Motivation Health Average 
 A B C D E F A B C D E F G H A B C D E F A B C D E 

1 
Ronauli 

Silaban 
4 4 4 4 4 4 3 4 1 4 4 4 4 2 4 5 4 4 2 4 1 4 1 3 2        4 

2 
Abdullah 

Husein 
4 3 3 4 3 3 4 4 1 3 4 4 3 4 3 5 4 4 2 3 2 4 2 3 3 4 

3 
Elsa Risqi 

Amalia 
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 2 2 4 2 3 

4 
Widya 
Natasya 

4 4 4 3 4 4 4 4 2 5 4 5 4 4 4 5 5 5 2 3 2 4 2 3 2 4 

5 Sabina Eis Z. 5 3 3 3 3 5 5 5 3 5 3 5 5 2 5 5 5 5 4 5 4 3 1 2 2 4 

6 
Tia Permata 

Sari 
4 4 4 4 1 4 4 4 1 5 4 5 5 2 4 5 5 4 1 4 1 2 1 3 2 4 

7 Febby Ria  4 3 4 4 3 3 4 4 1 4 4 5 5 4 4 5 4 4 1 5 1 5 1 2 2 4 

8 
Ajisro 

Siringoringo 
3 3 4 2 3 2 3 2 2 3 2 2 2 3 2 2 2 2 1 1 1 1 5 1 1 2 

9 
Melani 

Puspita Sari 
3 2 3 4 4 3 3 3 4 3 3 2 3 3 4 2 2 3 3 4 4 2 4 3 3 4 

10 
Nadya 
Amalia 

5 2 2 2 5 2 2 2 3 2 2 5 2 4 2 2 2 2 4 2 4 2 4 3 3 3 

 

Table 2: External Factor Data (Teaching Quality, Learning Facilities, Student Activities, and Associations)  

 

 

Name 

External Factor 

No 

 

Teaching Quality 
  

Learning 

Facilities 
  

Student Activities 

  

associations 

   

Average 

 A B C D E F A B C D E A B C D E F G H A B C D E F 

1 
Ronauli 

Silaban 
3 3 3 3 3 3 3 3 3 2 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

2 
Abdullah 

Husein 
2 3 3 2 4 2 3 2 2 2 2 1 4 2 2 3 1 3 1 2 2 2 2 2 2 3 

3 
Elsa Risqi 
Amalia 

3 3 3 3 3 3 3 4 4 3 3 2 2 3 3 3 3 3 3 2 2 2 2 2 2 3 

4 
Widya 

Natasya 
4 4 5 4 5 5 4 4 4 5 4 1 2 2 2 2 2 2 2 2 2 2 2 2 2 3 

5 Sabina Eis Z. 4 3 3 3 3 3 3 3 3 3 3 2 3 3 3 3 5 5 5 3 5 5 5 5 5 4 

6 
Tia Permata 

Sari 
4 4 4 4 4 4 3 4 4 4 4 2 5 5 5 5 5 5 5 3 2 3 2 2 3 4 

7 Febby Ria 4 4 4 4 4 4 4 4 4 3 3 2 2 5 5 5 5 5 5 3 2 5 5 5 5 4 

8 
Ajisro 
Siringoringo 

1 1 1 1 1 1 3 5 5 5 4 2 2 1 1 1 1 2 2 2 3 1 2 2 3 3 

9 
Melani 

Puspita Sari 
2 2 3 2 2 3 2 3 3 4 3 1 4 3 3 4 3 3 3 3 3 3 3 3 3 3 

10 
Nadya 

Amalia 
2 2 2 2 2 2 3 3 3 2 5 1 3 2 2 3 3 3 5 3 2 2 2 2 3 3 

 
Table 3: Temporary GPA Range Data Transformation 

GPA Range  Transformation Value 

1,00 - 1,99 1 

2,00 - 2,99 2 

3,00 - 3,49 3 

3,50 - 4,00 4 
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Table 4: Transformation of Average Answers for Internal Factors and External Factors 

Average  Transformation Value Description 

0-1 1 Very Bad 

1,1-2 2 Poor 

2,1-3 3 Good Enough 

3,1-4 4 Good  

4,1-5 5 Excellent 

 

The existing data is then transformed to make it easier to make calculations, here are the data that have been changed with the 

transformation value, namely: 

Table 5: Altered Data With Transform Values 

No  Name   GPA Range (X)  Internal Factor (Y) External Factor (Z) 

1 Ronauli Silaban 4 4 3 

2 Abdullah Husein 3 4 3 

3 Elsa Risqi Amalia 3 3 3 

4 Widya Natasya 3 4 3 

5 Sabina Eis Z.  3 4 4 

6 Tia Permata Sari 3 4 4 

7 Febby Ria  4 4 4 

8 Ajisro Siringoringo 3 2 3 

9 Melani Puspita Sari 3 4 3 

10 Nadya Amalia 2 3 3 

 

After the data is transformed, the next thing is to determine the number of clusters, determine the centroid randomly and then perform 

the calculation with the K-Means Clustering algorithm with the following Euclidean Distance formula: 

D(ij) = √(X1i − X1j)2 + (X2i − X2j)2 + (X3i − X3j)2. 

 

The cluster center (Centroid) used is 3, which is as 

follows:  

Centroid 1 is taken from the 1st data i.e. C1 = (4, 4, 3) 

Centroid 2 is taken from the 8th data i.e. C2 = (3, 2, 3) 

Centroid 3 is taken from the 9th data i.e. C3 = (3, 4, 3) 

 

And the results of the first iteration that has been carried out can be seen in the following table: 

 
Table 6: Group 1 Determination Results 

 

No Name X Y Z Distance from C1 Distance from C2 Distance from C3 Group 

1 Ronauli Silaban 4 4 3 0,00 2,24 1,00 1 

2 Abdullah Husein 3 4 3 1,00 2,00 0,00 3 

3 Elsa Risqi Amalia 3 3 3 1,41 1,00 1,00 2 

4 Widya Natasya 3 4 3 1,00 2,00 0,00 3 

5 Sabina Eis Z. 3 4 4 1,41 2,24 1,00 3 

6 Tia Permata Sari 3 4 4 1,41 2,24 1,00 3 

7 Febby Ria 4 4 4 1,00 2,45 1,41 1 

8 Ajisro Siringoringo 3 2 3 2,24 0,00 2,00 2 

9 Melani Puspita Sari 3 4 3 1,00 2,00 0,00 3 

10 Nadya Amalia 2 3 3 2,24 1,41 1,41 2 

 

After the calculation is carried out using the existing formula, the group based on the nearest centroid distance is: 

Old group = {0, 0, 0, 0, 0, 0, 0, 0, 0, 0} 

New group = {1, 3, 2, 3, 3, 3, 1, 2, 3, 2} 

 

If there is a change in the group, it will be continued to the next iteration, namely iteration II. Before counting iteration II, it is necessary 

to create a new centroid center from all three clusters. Here are the 3 new centroids: 

C1 (4,00; 4,00; 3,50) 

C2 (2,67; ,2,67; 3,00) 

C3 (3,00; 4,00; 3,40) 

 

The results of the calculation of the Euclidean Distance value in iteration II can be seen in the following table: 



Table 7: Group 1 Determination Results 

No Name X Y Z Distance from C1 Distance from C2 Distance from C3 Group 

1 Ronauli Silaban 4 4 3 0,50 1,89 1,08 1 

2 Abdullah Husein 3 4 3 1,12 1,37 0,40 3 

3 Elsa Risqi Amalia 3 3 3 1,50 0,47 1,08 2 

4 Widya Natasya 3 4 3 1,12 1,37 0,40 3 

5 Sabina Eis Z.  3 4 4 1,12 1,70 0,60 3 

6 Tia Permata Sari 3 4 4 1,12 1,70 0,60 3 

7 Febby Ria  4 4 4 0,50 2,13 1,17 1 

8 Ajisro Siringoringo 3 2 3 2,29 0,75 2,04 2 

9 Melani Puspita Sari 3 4 3 1,12 1,37 0,40 3 

10 Nadya Amalia 2 3 3 2,29 0,75 1,47 2 

 

By using iteration II of the group 1 results, the group results based on the minimum distance to the nearest centroid are obtained:  

Old group = {1, 3, 2, 3, 3, 3, 1, 2, 3, 2} 

New group = {1, 3, 2, 3, 3, 3, 1, 2, 3, 2} 

 

4.2. Discussion 
 

The following are the results of clustering using the Matlab programming application, the following are the results  of clustering data 

grouping: 

 
Fig. 2: Cluster Results from Data on Factors Affecting Student Learning Achievment 

 

Description: 

1) Cluster 1 (4.00; 4.00; 3.50) 

It can be seen that in cluster 1, the group of students with a predicate GPA is very satisfactory (3.50-4.00), supported by good 

internal and external factors (interval 3.1-4). 

2) Cluster 2 (2.67; 2.67; 3.00) 

It can be seen that in cluster 2, the group of students with a satisfactory predicate GPA (3.00-3.49), supported by internal factors 

and external factors that are quite good (interval 2.1-3). 

3) Cluster 3 (3.00; 4.00; 3.40) 

It can be seen that in cluster 3, the group of students with a satisfactory predicate GPA (3.00-3.49), supported by good internal and 

external factors (interval 3.1-4). 

 

5. Conclusions And Suggestions 
 

5.1. Conclusions 
 

Based on the research that has been conducted, it can be concluded that the K-Means Clustering algorithm is able to group students based 

on factors that affect student learning achievement. The results of the research conducted produced 3 clusters with cluster 1 with 2 data, 

cluster 2 with 3 data, and cluster 3 with 5 data. The results of the study also show that a combination of internal factors such as ability, 

interest, motivation, and health, as well as external factors such as the quality of teaching, learning facilities, student activities, and 

excellent associations can encourage the achievement of student learning achievement. And the most dominant factor affecting student 

learning achievement is the internal factor with an average sum of 3,196. 
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5.2. Suggestions 
 

Based on the research that has been carried out, the author outlines several suggestions that are expected to be input for further research, 

the suggestions are as follows: 

1. In the next research with the same topic, it is recommended to use other clustering methods or by expanding the variables studied to 

get more comprehensive results regarding the factors that affect student learning achievement. 

2. It is expected to add input data so that the grouping results carried out by the system can be maximized, because a lot of data can 

affect the grouping results. 

3. It is hoped that this research can help the campus in developing academic support programs such as workshops. 
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