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Abstract. 

 
Aceh Jaya has great potential in various sectors, such as agriculture, plantations, and tourism. Badan 
Perencanaan Pembangunan Riset dan Teknologi Daerah (BAPPERIDA) Aceh Jaya District stated that the 
unequal distribution of infrastructure development in Aceh Jaya District in 2023-2026 resulted in low 
investment competitiveness and decreased economic performance. Because of these conditions, this study 
clusters the regions in Aceh Jaya District based on infrastructure indicators to obtain groups of sub-
districts based on their level of infrastructure development. The method used in this study is clustering 

analysis by comparing it with two clustering methods, namely K-Means and Average Linkage, which are 
validated based on the Silhouette Coefficient value to see which cluster is the best. The data used are 
infrastructure indicators contained in the Recana Pembangunan Kabupaten Aceh Jaya 2023-2026, namely 
irrigation area, houses with access to drinking water, sanitised households, drainage, district road length, 
livable houses, telecommunication services, electricity services. The results obtained are from eight 
research variables for cluster analysis assumptions with the Kaiser-Mayer-Olkin (KMO) test is 0.611 only 
seven variables that indicate that the sample is representative, for the zscore value there is no outliar data, 
which means that the data of the seven infrastructure variables can be used entirely. The clustering results 

using the K-Means method resulted in 3 clusters and with the Average Lingkage method resulted in 2 
clusters, this means that Aceh Jaya District can be clustered into 2 clusters seen from the Silhouette 
Coefficient value of 0.736. The conclusion that can be drawn from this research is that infrastructure 
development has not been evenly distributed in the 9 existing sub-districts, so that strategies and priorities 
are needed in infrastructure development in Aceh Jaya Regency. 
 
Keywords: Klasterisasi, indikator infrastruktur, and silhouette coefficient. 
 

 
I. INTRODUCTION  

Infrastructure is the main foundation for economic development and community welfare, as seen from 

the economic growth of a region. The availability and quality of adequate infrastructure determine the level of 

accessibility, transportation efficiency, and economic activity of a region. In addition, in the SDGs (Sustainable 

Development Goals), there are several goals that are directly related to infrastructure, including the 2030 SDG's 

target of ensuring access for all to decent, safe, affordable housing and basic service infrastructure. The goal 

highlights the importance of strong, sustainable, and inclusive infrastructure to support economic development, 

improve quality of life, and promote environmental sustainability. Quality infrastructure stimulates the 

movement of goods and services and human resources more smoothly and efficiently, thereby increasing 

economic growth and a better quality of life for the community. This is because infrastructure development is 

also one of the investments that can increase regional income. The amount of infrastructure investment spent 

by local governments has a strong influence on the development of economic growth (Masdi & Iskandar, 

2021).Aceh Jaya is a district in Aceh Province with significant potential across many industries, including 

agriculture, plantations, and tourism (Bahri et al., 2021; Puspitaa et al., 2022). Aceh Jaya is also an area that 

has roads that are very important in improving the economy in the western and southern regions (Isya et al., 

2021).  

Based on Badan Perencanaan Pembangunan Riset dan Teknologi Daerah (BAPPERIDA) Aceh Jaya 

District in Rencana Pembangunan Kabupaten (RPK) Aceh Jaya tahun 2023-2026 stated that the unequal 

distribution of infrastructure development in Aceh Jaya Regency has resulted in low investment 

competitiveness and declining economic performance. Essential infrastructure still required include the 

building of habitable residences, flood mitigation, potable water supply, sanitation, waste management, 

development and enhancement of irrigation systems, drainage, and environmental management and 

organization. The variations in infrastructure availability and quality can impede regional development and 
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result in socio-economic inequities. A comprehensive study of the infrastructural situation in each sub-district 

in Aceh Jaya is necessary to resolve this issue. Clustering analysis serves as an excellent method for 

categorizing sub-districts according to similarities in infrastructure indicators and aids in identifying clusters 

of sub-districts with analogous infrastructure features. This information will be important for local government 

in formulating and executing more focused and efficient development policies. 

 

II. LITERATURE STUDY 

Clustering 

Clustering is the methodology of categorizing a collection of data items into many groups or clusters, 

ensuring that things within a cluster exhibit high similarity while being distinctly dissimilar to objects in other 

clusters. Differences and similarities are evaluated according to attribute values that characterize the objects 

and frequently entail distance measurements. Clustering is an unsupervised data mining technique, indicating 

that it is utilized without training, without supervision, and does not necessitate a goal result (Badruddin et al., 

2022).Data Mining Concepts and Techniques delineates key clustering needs, specifically scalability and the 

capacity to manage diverse data kinds. Identification of clusters exhibiting anomalous geometries; 

Requirements for domain expertise to ascertain parameters; Capability to manage noisy data; Sensitivity to 

variations in input; Capability to cluster high-dimensional data; constraint-driven clustering; interpretability 

and usability (Jiawei Han, 2012) 

Region 

Law No. 26/2007 on Spatial Planning defines a region as an area characterized by geographical 

challenges and several connected features, with borders and systems established based on administrative or 

functional criteria. A region is an area characterized by authority, governance, and oversight, encompassing 

regional environments such as provinces, districts, and subdistricts. The regional environment refers to a 

defined area, including provinces, districts, and cities (Tambunan et al., 2024). According to the National 

Spatial Coordinating Agency (2002), a region is characterized as a geographical unit encompassing all 

associated elements, with boundaries and systems established based on administrative or functional criteria 

(Bahri et al., 2024). 

Infrastructure 

(Sanjaya, 2018) Infrastructure is a crucial element of the city encompassing primary construction 

operations and ancillary structures. Infrastructure systems that deliver transportation, water, structures, and 

other public amenities essential for fulfilling economic and social requirements of fundamental human needs. 

The Presidential Regulation of the Republic of Indonesia Number 38 of 2015 defines infrastructure as the 

technical, physical, systemic, hardware, and software facilities required to deliver services to the community 

and to support the structural network, thereby facilitating effective economic and social growth. The 

Presidential Regulation of the Republic of Indonesia number 67 of 2005 delineates the categories of 

infrastructure as follows: transportation infrastructure, road infrastructure, irrigation infrastructure, drinking 

water infrastructure, wastewater infrastructure, telecommunication infrastructure, electricity infrastructure, 

and oil and gas infrastructure. 

Infrastructure Indicators 

Infrastructure indicators are metrics that assess performance outcomes, elucidate accomplishments, 

are quantifiable, and are pertinent to the development efforts undertaken by local governments (Handayani & 

Sophianingrum, 2019) 

K-Means Method 

The K-Means clustering technique is a non-hierarchical strategy that seeks to split data into two or 

more groups by utilizing the mean value as the centroid of each cluster (Oktarina et al., 2020). The K-Means 

algorithm is the most prevalent and extensively utilized clustering technique. It aims for a well delineated split 

that reduces the distance between clusters (Wang & Gao, 2019).  The centroid of the cluster may be determined 

using equation (1), specifically: 

J(x, v) = ∑ ∑ μikd2
ik

c
i=1

ni
k=1  .....................................................................................(1) 
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where (ni) is the number of objects belonging to the (i) group, c is the number of clusters and µik is the 

distance value between objects to the i-th cluster centre. 

Average Linkage Method 

(Widyadhana et al., 2021) The Average Linkage approach involves merging two clusters with the 

minimal average distance until all items are consolidated into a single giant cluster. The mean distance between 

each pair of objects from two clusters is minimized following their amalgamation into a new cluster based on 

the intergroup relationships. Calculation of clusters utilizing the Average Linkage technique as delineated in 

equation (2): 

d
(AB)C = 

∑ ∑ duvvu
N(AB)Nc

  .................................................................................................................(2) 

where duv is the distance between objects in cluster AB and object v in cluster C, N(AB) is the number of 

objects in cluster AB and NC is the number of objects in cluster C. 
 

III. METHODS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. Research flow chart 

Research Location  

This research is located in Aceh Jaya Regency which is located on the west coast of Aceh.  

Administratively, Aceh Jaya Regency has regional boundaries, namely the North bordering Aceh Besar 

Regency and Pidie Regency, the South with West Aceh Regency and the Indian Ocean, the West with the 

Indian Ocean and the East bordering West Aceh Regency.  Aceh Jaya Regency itself consists of 9 sub-districts 

and 172 Gampong. The nine sub-districts are Teunom, Pasie Raya, Panga, Krueng Sabee, Setia Bakti, 

Sampoiniet, Darul Hikmah, Jaya, Indra Jaya (Aceh Jaya Regency Spatial Plan 2014-2034). For more details 

on the research location, please see Figure 2. 
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Fig 2. Research Location 

Research Variables 

This analysis utilizes infrastructure variables derived from the indicators in the Rencana Pembangunan 

Kabupaten Aceh Jaya 2023-2026. This research presents the selected indicators based on the infrastructure 

scope outlined in Presidential Regulation No. 67 of 2005 of the Republic of Indonesia, as seen in the following 

table: 

Table 1. Research Variables 

Infrastructure Variables Indicators 

X1 

X2 

X3 

X4 

X5 

X6 

X7 

X8 

Irrigation Area (Ha) 

House with Access to Drinking Water  

Sanitised Households  

Drainase (Km) 

District Road Length (Km) 

Livable House (Unit) 

Telecommunication Served  

Electricity Served 

 Source: Research Results 

Data Analysis 

In this study the data used is secondary data, namely data obtained from related agencies, namely from 

Dinas Pekerjaan Umum dan Perumahan Rakyat Kabupaten Aceh Jaya, Perusahaan Umum Daerah 

(PERUMDA) Tirta Mon Mata Aceh Jaya Regency, Dinas Komunikasi dan Persandian (DISKOMINSA) Aceh 

Jaya Regency, PLN Aceh Jaya Regency. The analysis method in this study uses clustering analysis to obtain 

groups of areas with similar characteristics comparing them with two clustering methods namely K-Means and 

Average Linked. Data processing was done with the help of Statistical Product and Service Solution (SPSS) 

27 software. 

 

IV. RESULTS AND DISCUSSION 

Cluster analysis assumptions (Representative Sample) 

 The cluster analysis assumption test using the Kaiser-Mayer-Olkin (KMO) test was carried out twice. 

The first test results with eight variables resulted in a KMO value below 0.5 so that the variable was eliminated 

by looking at the smallest MSA value, namely the X1 variable. After being tested again with seven variables, 
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the KMO value was obtained above 0.5. The results of the KMO assumption retest can be seen in the following 

results: 

Table 3. KMO Test Results 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0,611 

Bartlett's Test of Sphericity Approx. Chi-Square 71,011 

df 21 

Sig. 0,000 

Source: Research Results  

The results of retesting with variables X2, X3, X4, X5, X6, X7, and X8 obtained a KMO value of 

0.611, which means that the data used can be a representative sample. 

Data standardisation 

Data units with significant differences must be considered in a study. Data that has significantly 

different units must be standardised by converting the previous data to Zscore. If the zscore value with the 

amount of data below 80 has a value ≥ 2.5, it means that the data used is outliar so the data must be standardised. 

The results of the Zscore value test with the number of samples below 80 do not occur outliar because the 

resulting value is not ≥ 2.5, so there is no need to standardise the data. 

Clustering with K-Means Method 

Cluster analysis with the K-Means method in this study determined the number of clusters to be 

formed as many as 3 clusters, the clusters can be seen in table 2 below: 

Table 2. Results of cluster analysis with the K-Means method 

CLASTER DISTRICTS 

1 
Teunom 

Krueng Sabee 

2 

Pasie Raya 

Panga 

Setia Bakti 

Sampoiniet 

Darul Hikmah 

Indra Jaya 

3 Jaya 

Source: Research Results  

From the cluster results, it is found that the highest cluster centre results are in clusters 1 and 3, which 

means that the level of infrastructure development served by drinking water, sanitated households, drainage 

length, road length, livable houses, electricity services is in cluster 1, namely Teunom and Krueng Sabee sub-

districts, while the level of infrastructure development served by telecommunications is in cluster 3, namely 

Jaya sub-district. The final cluster centre results can be seen in the following table : 

Table 3. Final Cluster Centers 

Final Cluster Centers 

 Cluster 

 1 2 3 

Drinking Water Served 3120 855 1207 

Sanitised Households 4436 2017 4211 

Drainage Length 141,10 103,11 110,19 

Road Length 128,87 57,47 79,45 

Livable House 4637 2220 4423 

Telecommunication Served 7541,518 5556,861 13102,000 

Electricity Services 6624 2789 4916 
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Clustering with the Average Linkage Method 

Clustering analysis using the Average Linkage method can be seen from the dendrogram results. From 

the dendrogram results, the clusters formed are 2 clusters, namely cluster 1 consisting of Darul Hikmah, Indra 

Jaya, Pasie Raya, Setia Bakti, Sampoiniet and Panga sub-districts. While cluster 2 consists of Teunom, Krueng 

Sabee and Jaya sub-districts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. Dendogram Average Lingkage 

Cluster members with Average Linkage metrode are as follows: 

Table 4. Results of cluster analysis with K-Means method 

CLASTER DISTRICTS 

1 

Teunom 

Krueng Sabee 

Jaya 

2 

Panga 

Setia Bakti 

Sampoiniet 

Darul Hikmah 

Indra Jaya 

Pasie Raya 

Source: Research Results 

Cluster Validation and Profiling 

From the results of cluster validation using the Silhouette Coefficient formula, it is obtained that the 

best cluster is the cluster with the Average Linkage method because the resulting Silhouette Coefficient value 

is closest to 1. The results of the Silhouette Coefficient calculation are as follows: 

Table 5. Score Silhouette Coefficient 

Klaster Silhouette Coefficient 

K-Means 0.636 

Average Linkage 0.736 

Source: Research Results 
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Fig 4. K-Means Method Cluster Visualisation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5. Cluster Visualisation of Average Linkage Method 

 

V. CONCLUSION  

As a result of the above research, it is found that clustering with the K-Means method can be divided 

into 3 clusters, namely the first cluster consists of Jaya District, the second cluster consists of Krueng Sabee 

and Teunom Districts while the third cluster consists of Indra Jaya, Sampoiniet, Darul Hikmah, Setia Bakti, 

Panga and Pasie Raya Districts. The clusters that are formed are spread out because the nature of the cluster 

formed is in accordance with the level of homogeneity of the object being assessed, namely the level of 

infrastructure development in these sub-districts. Likewise, the clusters formed by the Average Linkage method, 

namely 2 clusters, are also spread as in the first cluster consisting of Teunom, Krueng Sabee, and Jaya sub-

districts while the second cluster consists of Panga, Setia Bakti, Sampoiniet, Darul Hikmah, Indra Jaya, and 

Pasie Raya sub-districts. 

In the results of the study it was also found that the inequality of infrastructure distribution in Aceh 

Jaya District can be seen from the results of the level of development of electricity infrastructure, livable houses, 

road length, drainage, sanitised households, served drinking water and telecommunications in cluster 1 is 

higher than cluster 2 so that what is needed is equal distribution of infrastructure and it is necessary to 

determine strategies and priorities for sub-districts in the second cluster, namely Panga District, Setia Bakti, 

Sampoiniet, Darul Hikmah, Indra Jaya and Pasie Raya sub-districts where infrastructure development 

indicators are inadequate considering that these sub-districts also require adequate infrastructure for the 

continuity of economic cycles, community welfare and disaster response areas. 

 

 
 

Klaster I 

Klaster II 

Klaster III 

Klaster I 

Klaster II 
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