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Unsupervised learning is a subset of machine learning. Many unsupervised learning
algorithms are used to solve various problems, especially the extraction of hidden data
patterns. One of the problems that concerns unsupervised tasks is clustering. Clustering
techniques are widely used for data grouping needs, one of which is development
inequality clustering. The classification of development inequality is an important
consideration in a country's regional development strategy. However, development
groupings often do not pay attention to the hidden information aspects of the data, so
they do not get the appropriate results. This research was conducted to provide an
additional alternative in the realm of development inequality clustering, namely by
classifying development data using the k-means algorithm. The data used is GRDP data
for 41 regions in the western part of Java Island for the 2010-2021 range. The results
show that the forty-one regions are grouped into four clusters. The first cluster (C1)
contains 35 regions, the second cluster (C2) contains three regions, the third cluster (C3)
contains four regions, and the fourth cluster (C4) contains three regions. Based on the
cluster results, it can be seen that all members of cluster C4 are areas with the best level
of development, while cluster C1 is the area with the lowest level of development. As for
clusters C2 and C3, these are areas with development levels between clusters C1 and C4.
The grouping results can be used by policymakers or local governments to determine the
direction of future development priorities based on the cluster with the lowest level of
development.

Keywords— development inequality, clustering, k-means algorithm, hidden information, development priorities.

1 Introduction

Equitable development is a global problem that Indonesia is also facing. Unequal development is synonymous
with development inequality between regions, both at the provincial and regency levels and down to the level of
smaller administrative areas. The government continues to seek appropriate techniques and formulations to reduce
disparities in regional development, including formulating various policies related to future development directions
and priorities. In the western part of Java Island in particular, disparities between regions are still quite high.
Therefore, it is very necessary to identify the inequalities that occur so that policymakers can determine more
targeted development policy directions. Not only that, but it is critical to understand the pattern of close inequality
between regions so that dealing with unequal areas that are close together can become a special concern for
policymakers. On the other hand, by looking at the closeness of patterns of inequality between regions, policy
makers can find out which administrative areas have similar inequality when compared to other regions.

In the regional economic realm, there are many techniques that can be used to identify development disparities
between regions. The Klassen typology, Williamson index, and shift-share analysis, for example [1], [2], [3], [4].
These three techniques, however, have flaws against one another. First, classify inequality based on the value of the
growth rate and development contribution according to the GRDP value it has. The rate of growth and contribution
of a region depend on the region above it. Second, to be able to produce a complete interpretation, for example, to
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obtain information on areas that have high inequality along with the superior resource sectors they have, different
techniques must be used. A different approach is needed so that the process of analyzing development data is not
interdependent with data from other areas while at the same time being able to provide complete information
without having to use different techniques. so that inequalities between regions as well as leading sectors can be
presented in one complete visualization.

Research in the field of clustering techniques for solving regional economic problems is not new. Based
on the literature studies conducted, many scientists use a clustering approach to analyze and identify regional
development disparities not only in Indonesia but also in various parts of the world. Fuzzy cluster means and
hierarchical cluster techniques are used to analyze regional inequality in Ukraine based on economic activities,
such as industry, agriculture, construction services, and public services [5]. Different clustering techniques are used
to classify regional developmental disparities in Bangladesh using k-means and Partition Around Medoid (PAM).
In this study, five indicators of maternal and child health were used [6]. The k-means technique was used in
research [7] to classify levels of infrastructure development in Uttar Pradesh and divide them into five clusters.
From 2003 to 2012, researchers all over the world used cluster techniques to categorize development inequality,
including in Portugal [8], Croatia [9], European Union countries [10], West and East Germany [11], the Czech
Republic [12], Ukraine [13], and Pakistan [14]. In Indonesia itself, the cluster technique has been used to analyze
development inequality, as was done by [15].

2 Research methods

The research to be carried out is arranged in stages for a period of one semester. The data used is data on
district and city development achievements in three provinces, namely West Java, the Jakarta Capital Special
Region, and Banten Province. The data was taken from the official website of the Central Statistics Agency for
each of the three provinces. Broadly speaking, the research that will be carried out includes several stages, namely:
(1) study of the literature and identification of problems, particularly with regard to information on current
development inequality; (2) data collection from the official BPS website for each region in the three provinces; (3)
clustering of inequality data using the k-means algorithm; (4) validity testing of cluster results (validation of cluster
results to ensure each region is correctly clustered); and (5) interpretation of the results of inequality grouping,
including comparison of the results of the k-means cluster with the raw data of the region.

3 Results and Discussion

In the research conducted, the data was pre-processed before being grouped using the cluster technique. The
pre-processing process is carried out in the form of data normalization for each attribute value. This is because
there are several values that have quite a wide range between one attribute and another. The number of k for the k-
means algorithm in this study is set to k = 4. Apart from that, another parameter that is set is the distance
calculation technique. The Euclidean distance technique was used to calculate the distance between the data in this
study. GRDP data for forty-one urban districts in three provinces of the western part of Java Island are clustered
using the k-means algorithm. The results of the clustering show that most of the regions are grouped into cluster 1
(C1), namely 31 regions. The second group (C2) contains three regions as cluster members; the third group (C3)
consists of four regions; and the fourth group (C4) consists of three regions. Figure 1 is a graph of the distribution
of cluster members for the 41 regions. Meanwhile, Table 1 provides regional distribution information for each
cluster.
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Figure 1. Percentage Distribution of Cluster Members
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Cluster validity tests are conducted to determine the extent to which each member of the cluster is well
clustered. The silhouette index is used to test cluster validity. The Silhouette index range with good clusters is close
to 1, and the further away from 1 the cluster members are, the less properly grouped they are. Based on the
calculation of the silhouette index, for the first cluster (C1), most of the areas belonging to Cluster C1 can be said
to be properly grouped, except for the Tangerang Regency area. Almost all cluster members at C1 have values
close to 1, while Tangerang Regency is far from 1. Thus, it can be said that Tangerang Regency is not properly
grouped at C1. In cluster C2, the Silhouette Index values for each cluster member (region) are mostly close to 1,
meaning that this cluster already has appropriate members. The same thing happens for clusters C3 and C4, where
the Silheoutte Index value for each cluster member is close to 1. Figure 2 is a visualization for visualizing the
silhouette index for each cluster.

CI1 cluster members are mostly regions with an average gross regional domestic product (GRDP) ranging from
2.7 million to 76,528 million. The C2 cluster is a region with an average value of GRDP between 209,712 and
275,148 million. As for C3, it is an area with an average GRDP value between 91,505 million and 154,994 million,
while C4 is an area with an average GRDP between 349,947 million and 366,594 million. According to the
findings of this cluster, regions in cluster C4 have significantly higher rates of growth and development than
regions in clusters C3, C2, and C1.

Table 1: Distribution of clusters per region

Name of Regions Cluster Silhouette Name of Regions Cluster Silhouette
City of West Jakarta C4 0.644376 Cianjur Regency Cl1 0.723388
City of Central Jakarta C4 0.684319 Cirebon Regency Cl1 0.721928
City of South Jakarta C4 0.675644 Garut Regency C1 0.71751
Tangerang City C3 0.578399 Indramayu Regency Cl1 0.670058
Bogor Regency C3 0.707333 Kuningan Regency Cl 0.720435
Karawang Regency C3 0.710341 Majalengka Regency Cl1 0.723846
Bandung City C3 0.677775 Pangandaran Regency Cl1 0.713893
City of East Jakarta C2 0.683035 Purwakarta Regency Cl1 0.710716
City of North Jakarta C2 0.632583 Subang Regency Cl1 0.723045
Bekasi Regency C2 0.60133 Sukabumi Regency Cl1 0.710858
Lebak Regency Cl 0.724386 Sumedang Regency C1 0.724319
Pandeglang Regency Cl 0.724004 Tasikmalaya Regency Cl1 0.724912
Serang Regency Cl 0.696858 Banjar City Cl 0.711359
Tangerang Regency Cl 0.527907 Bekasi City Cl1 0.659674
Cilegon City Cl 0.636143 Bogor City Cl 0.723505
Serang City Cl 0.724767 Cimahi City Cl 0.724886
South Tangerang City Cl 0.694294 Cirebon City C1 0.722232
Kepulauan Seribu Regency Cl 0.712742 Depok City Cl1 0.71062
Kabupaten Bandung Cl 0.603146 Sukabumi City Cl 0.716201
West Bandung Regency Cl 0.723533 Tasikmalaya City Cl1 0.721328
Ciamis Disctrict Cl 0.724847

Cluster validity tests are conducted to determine the extent to which each member of the cluster is well
clustered. The silhouette index is used to test cluster validity. The Silhouette index range with good clusters is close
to 1, and the further away from 1 the cluster members are, the less properly grouped they are. Based on the
calculation of the silhouette index, for the first cluster (C1), most of the areas belonging to Cluster C1 can be said
to be properly grouped, except for the Tangerang Regency area. Almost all cluster members at C1 have values
close to 1, while Tangerang Regency is far from 1. Thus, it can be said that Tangerang Regency is not properly
grouped at C1. In cluster C2, the Silhouette Index values for each cluster member (region) are mostly close to 1,
meaning that this cluster already has appropriate members. The same thing happens for clusters C3 and C4, where
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the Silheoutte Index value for each cluster member is close to 1. Figure 2 is a visualization for visualizing the
silhouette index for each cluster.
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Figure 2 : Silhouette Index Distribution for Each Cluster

C1 cluster members are mostly regions with an average gross regional domestic product (GRDP) ranging from
2.7 million to 76,528 million. The C2 cluster is a region with an average value of GRDP between 209,712 and
275,148 million. As for C3, it is an area with an average GRDP value between 91,505 million and 154,994 million,
while C4 is an area with an average GRDP between 349,947 million and 366,594 million. According to the
findings of this cluster, regions in cluster C4 have significantly higher rates of growth and development than
regions in clusters C3, C2, and C1.

4 Conclusion

Based on the results of the research that has been done, it can be concluded that the 41 regions in the western
part of Java are divided into four clusters. The C4 cluster is a region with the best growth rate among other clusters.
Cluster Cl1 is the region with the lowest growth rate compared to other regions in different clusters. This can be
seen from the average GRDP value of each region based on the clusters formed. In cluster C1, there is also one area
that is indicated as not clustered in the right cluster, while the rest of the Silhouette Index values are close to 1. This
means that each member of the cluster has been grouped according to their respective clusters.
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Abstract o possble apes sk pblcation s e
pervised leaming is a subsct of machine od loarming K, 4 et ol e Cratne

Uns super
algorithms are ction of hidden data

pattemns. One of the problems that concers nsupervised tasks is clustering. Clustering Wl L Lo

e wiely vied for dte grouping needs, on of which s development 2T

ality f development inequality is an important

contideraton in 3 counrys regional development Siategy: However, development

‘roupings often do not pay attention to the hidden information aspects of the data, so

they do not get the appropriate results. This research was conducted to provide an

l ‘liemative n the sl of development nequality chustering, hamcly by

classifying development data using the k-means algorithm. The data used is GRDP data

for 41 regions in the wester part of Java Island for the 2010-2021 range. The result

show tht he forty-ne regons are growed ino four clusters. The it clustr (C1)

contains 35 regions, the second cluster (C2) contains three regions, the third cluster (C3)

contain four regions, and the fourh cluser (C4) contains three regions. Based on the

cluster results, it can be seen that all members of clus
f development, while cluster C1 is the arca with the lowest level of developr
lustrs C2 and O3, thsc ae reas it development evel beween chustos C1 and C4
‘The grouping results can be policymakers or local governments to determine the
direction of future development priorities based on the cluster with the lowest level of
development.

1 Introduction

a global problem that Indonesia is also facing. Unequal development is synonymous.

etween egions, both t theprovincaland egency lvels and down t te lvel of
appropriate techniques and formulations to reduce
anal development, ncluding formulating various polieies rlate 1o fture dovelopment dirctions
. he estern par of Java sand in partcular, dparities betwean regions ae St quit high
t is very necessary to identify the inequalities that occur so that policymakers can determine more
targeted development policy d . Not only that, but it is critical to understand the pattern of close inequality
between regions so that dealing with uncqual arcas that arc close together can become a special concern for
policymakers. On the other hand, by looking at the closeness of pattems of inequality between regions. policy
makers can find out which administrative areas have similar inequality when compared to other region:

In the regional economic realm, there are many techniques that can be used to identify development disparities
between regions. The Klassen typology, Williamson index, and shift-share analysis, for example [1], [2]. [3]. [4].
These three techniques, however, have flaws against one another. First, classify inequality based on the value of the
‘growth rate and development contribution according to the GRDP value it has. The rate of growth and contribution
of a region depend on the region above it. Second, to be able to produce a complete interpretation, for example, to
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inequality clustering. The classification of development inequality is an important
consideration in a country's regional development strategy. However, development
groupings often do not pay attention to the hidden information aspects of the data, so
they do not get the appropriate results. This research was conducted to provide an
additional alternative in the realm of development inequality clustering, namely by
classifying development data using the k-means algorithm. The data used is GRDP data
for 41 regions in the western part of Java Island for thd§10-2021 range. The results
show that the forty-one regions are grouped into four clusters. TgE) first cluster (C1)
contains 35 regions, the second cluster (C2) contains three regions, the third cluster (C3)
contains four regions, and the fourth cluster (C4) contains three regions. Based on the
cluster results, it can be seen that all members of cluster C4 are areas with the best level
of development, while cluster C1 is the area with the lowest level of development. As for
clusters C2 and C3, these are areas with development levels between clusters C1 and C4.
The grouping results can be used by policymakers or local governments to determine the
direction of future development priorities based on the cluster with the lowest level of
development.

Keywords— development inequality, clustering, k-means algorithm, hidden information, development priorities.

1 Introduction

Equitable development is a global problem that Indonesia is also facing. Unequal development is synonymous
with development inequality between regions, both at the provincial and regency levels and down to the level of
smaller administrative areas. The government continues to seek appropriate techniques and formulations to reduce
disparities in regional development, including formulating various policies related to future development directions
and priorities. In the western part of Java Island in particular, disparities between regions are still quite high.
Therefore, it is very necessary to identify the inequalities that occur so that policymakers can determine more
targeted development policy directions. Not only that, but it is critical to understand the pattern of close inequality
between regions so that dealing with unequal areas that are close together can become a special concern for
policymakers. On the other hand, by looking at the closeness of patterns of inequality between regions, policy
makers can find out which administrative areas have similar inequality when compared to other regions.

In the regional economic realm, there are many techniques that can be used to identify development disparities
between regions. The Klassen typology, Williamson index, and shift-share analysis, for example [1], [2], [3], [4].
These three techniques, however, have flaws against one another. First, classify inequality based on the value of the
growth rate and development contribution according to the GRDP value it has. The rate of growth and contribution
of a region depend on the region above it. Second, to be able to produce a complete interpretation, for example, to
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K-MEANS CLUSTER ALGORITHM FOR GROUPING INEQUALITY

obtain information on areas that have high inequality along with the superior resource sectors they have, different
techniques must be used. A different approach is needed so that the process of analyzing development data is not
interdependent with data from other arecas while at the same time being able to provide complete information
without having to use different techniques. so that inequalities between regions as well as leading sectors can be
presented in one complete visualization.

Research in the field of clustering techniques for solving regional economic problems is not new. Based
on the literature studies conducted, many scientists use a clustering approach to analyze and identify regional
development disparities not only in Indonesia but also in various parts of the world. Fuzzy cluster means and
hierarchical cluster techniques are used to analyze regional inequality in Ukraine based on economic activities,
such as industry, agriculture, construction services, and public services [5]. Different clustering techniques are used
to classify regional developmental disparities in Bangladesh using k-means and Partition Around Medoid (PAM).
In this study, five indicators of matemnal and child health were used [6]. The k-means technique was used in
research [7] to classify levels of infrastructure development in Uttar Pradesh and divide them into five clusters.
From 2003 to 2012, researchers all over the world used cluster techniques to categorize development inequality,
including in Portugal [8], Croatia [9], European Union countries [10], West and East Germany [11], the Czech
Republic [12], Ukraine [13], and Pakistan [ 14]. In Indonesia itself, the cluster technique has been used to analyze
development inequality, as was done by [15].

2 Research methods

The research to be carried out is arranged in stages for a period of one semester. The data used is data on
district and city development achi@fments in three provinces, namely West Java, the Jakarta Capital Special
Region, and Banten Province. The data was taken from the official website of the Central Statistics Agency for
each of the three provinces. Broadly speaking, the research that will be carried out includes several stages, namely:
(1) study of the literature and identification of problems, particularly with regard to information on current
development inequality; (2) data collection from the official BPS website for each region in the three provinces; (3)
clustering of inequality data using the k-means algorithm; (4) validity testing of cluster results (validation of cluster
results to ensure each region is correctly clustered); and (5) interpretation of the results of inequality grouping,
including comparison of the results of the k-means cluster with the raw data of the region.

3 Results and Discussion

In the research conducted, the data was pre-processed before being grouped using the cluster technique. The
pre-processing process is carried out in the form of data normalization for each attribute value. This is because
there are several values that have quite a wide range between one attribute and another. The number of k for the k-
means algorithm in this study is set to k = 4. Apart from that, another parameter that is set is the distance
calculation technique. The Euclidean distance technique was used to calculate the distance between the data in this
study. GRDP data for forty-one urban districts in three provinces of the western part of Java Island are clustered
using the k-means algorithm. The results of the clustering show that most of the regions are grouped into cluster 1
(C1), namely 31 regions. The second group (C2) contains three regions as cluster members; the third group (C3)
consists of four regions; and the fourth group (C4) consists of three regions. Figure | is a graph of the distribution
of cluster members for the 41 regions. Meanwhile, Table 1 provides regional distribution information for each
cluster.

Percentage distribution of 'Cluster’

Cluster

7

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00% 80.00°%

Cluster
Figure 1. Percentage Distribution of Cluster Members
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Cluster validity tests are conducted to determine the extent to which each member of the cluster is well
clustered. The silhouette index is used to test cluster validity. The Silhouette index range with good clusters is close
to 1, and the further away from 1 the cluster members are, the less properly grouped they are. Based on the
calculation of the silhouette index, for the first cluster (C1), most of the areas belonging to Cluster Cl can be said
to be properly grouped, except for the Tangerang Regency area. Almost all cluster members at C1 have values
close to 1, while Tangerang Regency is far from 1. Thus, it can be said that Tangerang Regency is not properly
grouped at C1. In cluster C2, the Silhouette Index values for each cluster member (region) are mostly close to 1,
meaning that this cluster already has appropriate members. The same thing happens for clusters C3 and C4, where
the Silheoutte Index value for each cluster member is close to 1. Figure 2 is a visualization for visualizing the
silhouette index for each cluster.

Cl cluster members are mostly regions with an average gross regional domestic product (GRDP) ranging from
2.7 million to 76,528 million. The C2 cluster is a region with an average value of GRDP between 209,712 and
275,148 million. As for C3, it is an area with an average GRDP value between 91,505 million and 154,994 million,
while C4 is an area with an average GRDP between 349,947 million and 366,594 million. According to the
findings of this cluster, regions in cluster C4 have significantly higher rates of growth and development than
regions in clusters C3, C2, and C1.

Table 1: Distribution of clusters per region

Name of Regions Cluster Silhouette Name of Regions Cluster Silhouette
City of West Jakarta C4 0.644376 Cianjur Regency C1 0.723388
City of Central Jakarta C4 0.684319 Cirebon Regency C1 0.721928
City of South Jakarta C4 0.675644 Garmt Regency Cl 071751
Tangerang City 3 0.578399 Indramayu Regency 1 0.670058
Bogor Regency z3 0.707333 Kuningan Regency C1 0.720435
Karawang Regency 3 0.710341 Majalengka Regency Cl1 0.723846
Bandung City 3 0.677775 Pangandaran Regency Cl 0.713893
City of East Jakarta 2 0.683035 Purwakarta Regency C1 0.710716
City of North Jakarta C2 0.632583 Subang Regency C1 0.723045
Bekasi Regency 2 0.60133 Sukabumi Regency Cl 0.710858
Lebak Regency Cl 0.724386 Sumedang Regency 1 0.724319
Pandeglang Regency C1 0.724004 Tasikmalaya Regency C1 0.724912
Serang Regency Cl 0.696858 Banjar City Cl 0.711359
Tangerang Regency Cl 0.527907 Bekasi City 1 0.659674
Cilegon City Cl 0.636143 Bogor City Cl 0.723505
Serang City Cl1 0.724767 Cimahi City Cl 0.724 886
South Tangerang City Cl 0.694294 Cirebon City Cl 0.722232
Kepulauan Seribu Regency C1 0.712742 Depok City C1 0.71062
Kabupaten Bandung Lol 0.603 146 Sukabumi City C1 0.716201
West Bandung Regency Cl 0.723533 Tasikmalaya City Cl 0.721328
Ciamis Disctrict Cl 0.724847

Cluster validity tests are conducted to determine the extent to which each member of the cluster is well
clustered. The silhouette index is used to test cluster validity. The Silhouette index range with good clusters is close
to 1, and the further away from 1 the cluster members are, the less properly grouped they are. Based on the
calculation of the silhouette index, for the first cluster (C1), most of the areas belonging to Cluster Cl can be said
to be properly grouped, except for the Tangerang Regency area. Almost all cluster members at Cl have values
close to 1, while Tangerang Regency is far from 1. Thus, it can be said that Tangerang Regency is not properly
grouped at C1. In cluster C2, the Silhouette Index values for each cluster member (region) are mostly close to 1,
meaning that this cluster already has appropriate members. The same thing happens for clusters C3 and C4, where
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the Silheoutte Index value for each cluster member is close to 1. Figure 2 is a visualization for visualizing the
silhouette index for each cluster.
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Figure 2 : Silhouette Index Distribution for Each Cluster

CI cluster members are mostly regions with an average gross regional domestic product (GRDP) ranging from
2.7 million to 76,528 million. The C2 cluster is a region with an average value of GRDP between 209,712 and
275,148 million. As for C3, it is an area with an average GRDP value between 91,505 million and 154,994 million,
while C4 is an area with an average GRDP between 349,947 million and 366,594 million. According to the
findings of this cluster, regions in cluster C4 have significantly higher rates of growth and development than
regions in clusters C3, C2,and CI.

Conclusion

Based on the results of the research that has been done, it can be concluded that the 41 regions in the westemn
part of Java are divided into fofEJlusters. The C4 cluster is a region with the best growth rate among other clusters.
Cluster CI is the region with the lowest growth rate compared to other regions in different clusters. This can be
seen from the average GRDP value of each region based on the clusters formed. In cluster C1, there is also one area
that is indicated as not clustered in the right cluster, while the rest of the Silhouette Index values are close to 1. This
means that each member of the cluster has been grouped according to their respective clusters.
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