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Abstract 
 

Education is an effort to create a learning environment and educational 

process that encourages the development of students' potential. One of the 

statistical methods that can be used in the field of education is cluster analysis. 

Average linkage is a hierarchical clustering algorithm that groups objects based 

on the average distance between objects in different clusters. In this study, sub-

districts were grouped based on education indicators at the 

primary/elementary level in Samarinda City in 2023. The results of this 

research obtained 2 clusters that were the most optimal because they had the 

highest Silhouette coefficient value. Cluster 1 contains the subdistricts of 

Samarinda Ulu and Sungai Kunjang, while cluster 2 contains the subdistricts of 

North Samarinda, Palaran, Sungai Pinang, Sambutan, Loa Janan Ilir, Samarinda 

Ilir, Samarinda Seberang, and Samarinda Kota. Cluster 1 has an advantage over 

cluster 2 in several aspects of education. Cluster 1 shows a higher average in 

terms of the number of students, the number of classrooms, the number of 

institutions, the number of certified teachers, and the number of A-accredited 

schools at the primary/secondary level in Kota Samarinda in 2023.     

https://ejournal.yasin-alsys.org/AJSTEA
https://doi.org/10.58578/AJSTEA.v2i6.3938
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INTRODUCTION 

Education is an effort made to create a learning environment and educational 

process, so that it can proactively develop the potential of students (Margiati & 

Puspaningtyas, 2021). Education in practice is certainly influenced by the environment, 

which is a space for humans to interact (Fajri, 2021). Education can be achieved through 

school, community and family environments (Sadewo, 2021). The current education system 

in Indonesia is a national education system.(Hermanto, 2020). This system aims to equip 

students with academic knowledge, hone cognitive skills and foster positive attitudes 

among students from childhood. The national education system is also value-based, where 

elementary school students learn about honesty, discipline and tolerance (Munirah, 2015; 

Safitri, 2020). Elementary school education is the basic level for students in pursuing 

education (Bali et al., 2022). Elementary school education contributes to building and 

developing students' basic knowledge which will later be used in higher education levels 

(Rahayu et al., 2019). In today's digital era, the amount of data generated in the education 

process is increasing. Statistical methods are needed as a data analysis tool to produce more 

precise and effective insights. One of the statistical methods that can be used in the field of 

education is cluster analysis. Cluster analysis is a method for grouping a set of objects into a 

number of clusters based on their characteristics (Dani et al., 2020; Faujia et al., 2022). The 

grouping is done based on the nature of similarities between objects (Dani et al., 2019; Zen 

et al., 2022). Objects that are in the same group will be more similar than objects between 

groups (Dani et al., 2019). Cluster analysis is generally divided into two types, namely 

hierarchical clustering and non-hierarchical clustering (Ramadani & Salma, 2022; Rembulan 

et al., 2020). Hierarchical clustering is used to group objects in a structured manner based 

on their similarity in properties where the desired number of clusters is not yet known 

(Laamena & Talib, 2023). There are two methods in hierarchical grouping, namely the 

agglomerative and divisive methods (Novidianto et al., 2020). Hierarchical clustering can 

use several algorithms such as single linkage, complete linkage, and average linkage 

(Suhaeni et al., 2018). Hierarchical grouping can be described through a dendrogram 

(Facendola et al., 2023). Dendrogram is a tree diagram or graph used to group objects in 
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cluster analysis (Alwi & Hasrul, 2018). A dendrogram is created by creating a matrix that 

contains the level of similarity between grouped data (Satriatama et al., 2023; Widyawati et 

al., 2020). Average linkage is a hierarchical clustering algorithm that groups objects based 

on the average distance of an object to another object in a cluster with objects in other 

clusters (Paramadina et al., 2019; Reinaldi et al., 2021). Average linkage is a more stable 

algorithm when compared to other algorithms that only consider one pair of objects 

(Reinaldi et al., 2021). The average linkage algorithm tends to be less affected by outliers 

because it uses the average value, thus helping in more accurate cluster merging 

(Novidianto et al., 2020). 

There are several previous studies that have studied the average linkage algorithm. 

Zikir et al., (2022) in his research discusses the grouping of small and medium industries in 

Wajo Regency using the k-means algorithm and average linkage. The results of his research 

using the average linkage algorithm form 2 clusters, where the first cluster has 1 member 

and the second cluster has 29 members. Wahyuni & Jatmiko, (2019) discusses the grouping 

of regencies/cities based on poverty factors in Java Island using the average linkage 

algorithm. The results of the study formed 2 clusters, where 16.80% of regencies/cities in 

Java Island are included in the first cluster, while the other 83.20% are included in the 

second cluster. Other research conducted by Reinaldi et al., (2021), discusses the grouping 

of regencies/cities based on community welfare in Java Island using the single linkage, 

complete linkage, and average linkage algorithms. The study found that the best algorithm 

used was average linkage with a Silhouette Index value of 0.61. 

Based on the background that has been described, the author is interested in 

conducting a study entitled "Data Speaks: District Clustering Map to Reveal Basic Education 

Problems in Samarinda City". This study is expected to provide useful insights for the 

government as a strategic consideration in efforts to improve the quality of education, 

especially the District area in Samarinda City in the following years. 

 

METHODS 

The data used is a publication from the Samarinda City Education and Culture Office 

in 2023. The sampling technique in the study was purposive sampling, which is considering 

samples that have the information needed by researchers. In this study, the consideration 

was the availability of the latest data at the Samarinda City Education and Culture Office. 
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The data analysis technique used in this study was grouping areas based on Districts in 

Samarinda City with hierarchical grouping of the average linkage algorithm applied to the 

elementary school/equivalent education indicators in Samarinda City. 

Software used in the data analysis process, namely Microsoft Excel and Rstudio. The 

analysis steps can be described as follows: 

1. Conducting data exploration with spatial mapping. 

2. Perform data standardization using Z-Score standardization. 
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5. Merge two clusters with the minimum distance. 

6. Determining the optimal cluster using the Silhouette coefficient. 

( )kSC maks SI k=  (4) 

7. Profiling and interpretation of cluster results. 

 

RESULTS  

This study used secondary data, namely data on education indicators at the 

elementary school/equivalent level in the sub-district area in Samarinda City which were 

summarized by the Samarinda City Education and Culture Office in 2023. There are 5 

variables used, namely the variable number of elementary school/equivalent students 1( )X , 

number of study groups (rombel) for elementary school/equivalent 2( )X , number of 

elementary/equivalent institutions 3( )X , number of certified elementary school/equivalent 

teachers 4( )X , number of A accreditation of elementary schools/equivalent 5( )X . 
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Grouping of sub-district areas in Samarinda City using the average linkage algorithm using 

the five variables studied. 

Spatial Mapping 

Spatial mapping used to show color degradation based on its level. Spatial mapping 

on each research variable uses two categories, namely the low category when the value is 

below the average and the high category when the value is above the average. Spatial 

mapping is created using QGIS software. 

 
(a) Number of Students 

 
(b) Number of Classes 

 
(c) Number of institutions 

 
(d) Number of certified teachers 

 
(e) Number of A accreditations 

 
Figure 1 : Spatial mapping Elementary/equivalent education indicators in Samarinda City 
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Based on Figure 1(a), it can be seen that Samarinda Ulu, Samarinda Utara, Samarinda 

Kota, Samarinda Seberang, Sungai Kunjang, and Sungai Pinang Districts have a higher 

number of elementary school students than the average number of elementary school 

students in Samarinda City of 8,959. A large number of students can increase human 

resources and if managed properly will produce an educated young generation who can 

contribute to regional development, but this increase in the number of students can also 

cause the quality of education to decline if it is not balanced with an increase in school 

capacity and resources which can cause academic achievement to decline. 

Based on Figure 1(b), it can be seen that Samarinda Ulu, North Samarinda, 

Samarinda City, Samarinda Seberang, Sungai Kunjang, and Sungai Pinang Districts have a 

higher number of elementary school/equivalent classes than the average number of 

elementary school/equivalent classes in Samarinda City of 349. This indicates that there has 

been an increase in the capacity to accommodate students in these areas. The increase in 

classes in an area provides an opportunity for many children to get basic education, so that 

it can encourage an increase in school participation rates in the area. The challenge of this 

increase in classes is the availability of teaching staff, facilities, and school management if 

not managed properly, it is possible that the quality of education in the area will be 

threatened. 

Based on Figure 1(c), it can be seen that Sungai Kunjang, Sungai Pinang, Samarinda 

City, Samarinda Ulu, North Samarinda, and Palaran Districts have a higher number of 

elementary/equivalent schools than the average number of elementary/equivalent schools 

in Samarinda City of 27. The number of elementary/equivalent schools that is higher than 

the average in a region indicates that there are many elementary/equivalent schools 

operating in the region. The large number of educational institutions can create 

competition between schools so that it can improve the quality of education in the region. 

The large number of educational institutions is also often found to have disparities in 

facilities and adequate teaching staff, creating differences between high-quality schools and 

low-quality schools. 

Based on Figure 1(d), it can be seen that Sungai Kunjang District, Samarinda City, 

Samarinda Ulu has a number of certified elementary school/equivalent teachers that is 

higher than the average number of certified elementary school/equivalent teachers in 

Samarinda City of 183. The number of certified elementary school/equivalent teachers that 



Chiko Zet Oroh, Andrea Tri Rian Dani, Chusnul Muawanah, Jesselin Paskalis Sitinjak, Muhammad Irsadul 
Ibaad, Mislan, Raditya Arya Kosasih 

 Asian Journal of Science, Technology, Engineering, and Art 978 

is higher than the average indicates that many teachers in the area have met the 

competency standards set by the government. Certified teachers generally have better 

pedagogical and scientific competencies, so they are able to provide a more effective and 

high-quality learning process. 

Based on Figure 1(e), it can be seen that Samarinda Seberang, Samarinda Kota, 

Samarinda Ulu, Samarinda Utara, Sungai Kunjang, Sungai Pinang, and Palaran Districts 

have a higher number of A accreditation elementary schools/equivalent than the average 

number of A accreditation elementary schools/equivalent throughout Samarinda City of 

10. Schools with A accreditation are considered to have very good quality in various 

aspects, such as curriculum, management, facilities and infrastructure, and teacher 

competence. Areas that have many schools with A accreditation are often known as areas 

with superior education systems. Schools with A accreditation may experience 

overpopulation (excess students) because many parents want to send their children to these 

schools. 

Data Standardization 

Data standardization is carried out before grouping is carried out in order to provide 

more accurate grouping results. In this study, Z-Score standardization is used so that the 

data will be in the same value range with an average of 0 and a standard deviation of 1. 

Standardization of observation data for the variable number of elementary school students 

1( )X  using Equation (1). 
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The standardization calculation is carried out in the same way until the variable 

number of elementary schools that have been accredited A 5( )X . The results of data 

standardization can be seen in Table 1. 
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Table 1. Data Standardization Results with Z-Score 

I *

1X  *

2X  *

3X  *

4X  *

5X  

1 1.47 1.48 1.34 1.37 0.54 

2 -0.75 -0.94 -1.32 -0.55 -0.47 

3 -0.46 -0.58 -0.68 -0.30 0.20 

4 -0.58 -0.28 0.49 -0.28 0.54 

5 1.91 1.66 1.02 2.17 1.54 

6 0.46 0.71 1.34 -0.25 0.20 

7 -0.56 -0.53 -0.79 -0.18 0.20 

8 -1.12 -1.14 -0.68 -1.16 -1.81 

9 -0.51 -0.73 -0.89 -0.73 -1.47 

10 0.15 0.37 0.17 -0.09 0.54 

Average Linkage Algorithm Grouping 

Grouping of Sub-districts in Samarinda City using the average linkage algorithm is 

done by calculating the Euclidean distance matrix using Equation (2). The Euclidean 

distance matrix obtained from the standardized data is as follows: 

Table 2. Euclidean Distance Matrix of Samarinda City 

euclideand  SUl Sir SSb Pl SiK SUt SKt Sb LJI SiP 

SUl 0          

Sir 4.76 0         

SSb 3.87 1.07 0        

Pl 3.28 2.20 1.26 0       

SiK 1.40 5.55 4.62 4.15 0      

SUt 2.09 3.44 2.57 1.70 3.27 0     

SKt 3.90 1.04 0.19 1.35 4.63 2.67 0    

Sb 5.44 1.66 2.35 2.94 6.49 3.86 2.38 0   

LJI 4.72 1.15 1.75 2.52 5.72 3.32 1.77 0.94 0  

SiP 2.55 2.44 1.47 1.04 3.40 1.31 1.53 3.35 2.69 0 

Description: SUl: Samarinda Ulu; SIr: Samarinda Ilir; SSb: Samarinda Seberang; Pl: Palaran; 

SKt: Samarinda City; Sb: Welcome; LJI: Loa Janan Ilir; SiP: Sungai Pinang. 

Based on the Euclidean matrix Table 2, two objects that have the minimum distance 

will be combined into 1 cluster such as Samarinda Seberang District with Samarinda City. 
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The iteration continues untilall observations are combined into 1 cluster so thata 

dendrogram was obtained as in Figure 2. 

 

Figure 2 : Clustering results with the average linkage algorithm 

Grouping based on the average linkage algorithm was tried for several numbers of 

clusters, namely 2, 3, 4, and 5. The results of grouping for several numbers of clusters with 

the average linkage algorithm can be seen in Table 3. 

Table 3. Dendrogram and Interpretation of Number of Clusters 

Dendrogram 
Interpretation of Cluster 

Count 

 
(a) 2k =  

Grouping with 2 clusters: 

- Cluster 1 contains the 
districts of Samarinda Ulu 
and Sungai Kunjang. 

- Cluster 2 consists of the 
districts of North 
Samarinda, Palaran, Sungai 
Pinang, Sambutan, Loa 
Janan Ilir, Samarinda Ilir, 
Samarinda Seberang, and 
Samarinda City. 
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Dendrogram 
Interpretation of Cluster 

Count 

 
(b) 3k =  

Grouping with 3 clusters: 

- Cluster 1 contains the 
districts of Samarinda Ulu 
and Sungai Kunjang. 

- Cluster 2 consists of the 
districts of North 
Samarinda, Palaran, and 
Sungai Pinang. 

- Cluster 3 consists of the 
districts of Sambutan, Loa 
Janan Ilir, Samarinda Ilir, 
Samarinda Seberang, and 
Samarinda City. 

 
(c) 4k =  

Grouping with 4 clusters: 

- Cluster 1 contains the 
districts of Samarinda Ulu 
and Sungai Kunjang. 

- Cluster 2 consists of the 
districts of North 
Samarinda, Palaran, and 
Sungai Pinang. 

- Cluster 3 contains the 
districts of Sambutan and 
Loa Janan Ilir. 

- Cluster 4 consists of the 
districts of Samarinda Ilir, 
Samarinda Seberang, and 
Samarinda City. 

 
(d) 5k =  

Grouping with 5 clusters: 

- Cluster 1 contains the 
districts of Samarinda Ulu 
and Sungai Kunjang. 

- Cluster 2 contains North 
Samarinda District. 

- Cluster 3 contains Palaran 
and Sungai Pinang 
Districts. 

- Cluster 4 contains the 
districts of Sambutan and 
Loa Janan Ilir. 

- Cluster 5 consists of the 
districts of Samarinda Ilir, 
Samarinda Seberang, and 
Samarinda City. 
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Silhouette Coefficient 

The Silhouette coefficient is used to determine the optimal cluster of an algorithm 

used. Determining the optimal cluster with the Silhouette coefficient using Rstudio 

software can be seen in Figure 3. 

 

Figure 3: Determination of optimal clusters with Silhouette coefficient 

Based on Figure 3 above, it can be seen that the most optimal number of clusters is 

2k =  because it has the highest average value. Therefore, the number of clusters used is 2 

clusters to group the Districts based on the elementary school/equivalent education 

indicators in Samarinda City in 2023. 

 

DISCUSSION  

Grouping based on the average linkage algorithm and the Silhouette coefficient value 

obtained the most optimal number of clusters, which is 2 clusters. The profiling of the 

grouping results can be seen in Table 3. 

Table 4.Grouping Results with Average Linkage Algorithm 2k =   

Cluster Subdistrict 

1 Samarinda Ulu and the Kunjang River 

2 The areas covered by this program are 
North Samarinda, Palaran, Sungai Pinang, 
Sambutan, Loa Janan Ilir, Samarinda Ilir, 
Samarinda Seberang, and Samarinda City. 

To compare the two clusters, we can see the average value of each variable used in 

each cluster, namely the number of students, number of classes, number of institutions, 
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number of certified teachers, and number of A accreditation of elementary 

schools/equivalent in Samarinda City. 

Table 5.Cluster Profiling 

Cluster 
1X  2X  3X  4X  5X  

Cluster 1 14,434 547 37.50 293 12.50 

Cluster 2 7,590.12 298.88 23.62 154.88 8.62 

Cluster 1 has advantages over cluster 2 in several aspects of education. Cluster 1 

shows a higher average in terms of the number of students, the number of classes, the 

number of institutions, the number of certified teachers, and the number of schools with A 

accreditation at the elementary school/equivalent level. The higher number of students and 

classes in cluster 1 indicates a more massive capacity and teaching and learning activities. 

The greater number of institutions can indicate that in cluster 1 there are more school 

choices, so that students have wider access to education. The higher number of certified 

teachers indicates better teaching quality, because these teachers have met professional 

competency standards. The greater number of A-accredited schools in cluster 1 indicates 

that the quality of education in schools in cluster 1 is better. This reflects better quality of 

education and greater capacity in organizing education in cluster 1. 

 

CONCLUSION  

Based on the results of the study of the grouping of sub-districts based on indicators 

of elementary school/equivalent education in Samarinda City in 2023, the following 

conclusions were obtained: 

1. Based on the results of the grouping of sub-districts based on the elementary 

school/equivalent education indicator in Samarinda City in 2023 using the average 

linkage algorithm, the optimal number of clusters (k) using the Silhouette coefficient 

was obtained, namely 2 clusters. 

2. The results of the grouping of Sub-districts in Samarinda City produced 2 clusters. 

Cluster 1 contains Samarinda Ulu and Sungai Kunjang Sub-districts, while cluster 2 

contains North Samarinda, Palaran, Sungai Pinang, Sambutan, Loa Janan Ilir, 

Samarinda Ilir, Samarinda Seberang, and Samarinda City Sub-districts. 
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