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Clustering; Clustering is a data grouping method applied to identify groups formed by
Partitioning Around Me dg&“:‘?gj’h‘i’j{ combining elements that have the same characteristics. One of the
Povert clustering methods that can be used is the K-Medoids method known as

Partitioning Around Medoids (PAM). This study aims to obtain groupings
and determine the characteristics of the results of grouping regencies/cities
in the Sumatra Region based on the percentage of poverty using the K-

*Correspondence Email: medoids cluster method. The data used are poverty data per district/city
violaokta11@gmail.com totaling 154 in the Sumatra Region with the variables used being the
expected length of schooling, average length of schooling, open

unemployment rate, and percentage of poor population. The results

obtained in this study are that districts/cities in the Sumatra Region have 2

optimum clusters as seen from the silhouette index value and Davies-

Bouldin index value. Cluster 1 reflects an area with a fairly high poverty rate,

with an average expected length of schooling of 13,78 years, an average

length of schooling of 8,65 years, an open unemployment rate of 3,67%,

and a percentage of poor population of 14,76%. Cluster 2 reflects an area

with a moderate poverty rate with an average expected length of schooling

of 13,36 years, an average length of schooling of 8,58 years, an open

unemployment rate of 4,75%, and a percentage of poor people of 7,34%..

INTRODUCTION

Development is the goal of a country, where the country is more advanced when there is an increase
in its development [1]. One of the targets of national development is to reduce the number of poor people.
Efforts to achieve this goal involve various policies and programs, including improving infrastructure,
education and training, health, agriculture and fisheries, industry and technology, social policies [2]. Poverty
is a condition where there is a lack of resources such as: food, clothing, shelter and drinking water, natural
resources, human resources and things closely related to the quality of life. The impact of this poverty is
that Indonesia is still classified as a developing country. The term developing country is used to refer to
poor countries [3]. The problem of poverty characteristics can be done by grouping regions that have
similarities and differences in characteristics [4]. One of the grouping methods in the field of statistics is
cluster analysis [5]. Clustering is also often referred to as data segmentation. The advantage of using
clustering is that it is a very effective data segmentation method for predicting and analyzing various
problems including regional zone mapping [6]. K-medoids is a partitioning method in clustering that groups
n objects into k clusters. In this method, a medoid from each cluster is selected as the object that best
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represents that cluster. A medoid is an object in a cluster that has the lowest total distance to other objects
in the same cluster [7].

Research on K-medoids clustering analysis has been conducted by [7], obtained the results of grouping
the characteristics of each cluster formed based on the poverty indicator values in East Java in 2020 as
many as 2 clusters. Cluster 1 consists of 30 districts/cities. While cluster 2 consists of 8 districts/cities.
Based on previous research and explanations of K-medoids clusters, researchers are interested in grouping
districts/cities in the Sumatra Region that have the same characteristics based on the percentage of poverty
using the K-medoids clustering method. The purpose of this study is to obtain a grouping of districts/cities
in the Sumatra Region based on the percentage of poverty using the K-medoids cluster method and to
obtain the characteristics of the results of grouping districts/cities in the Sumatra Region based on the
percentage of poverty using the K-medoids cluster method.

METHODS
2.1 Clustering K-Medoids

K-medoids clustering uses the partition clustering method to cluster a set of n objects into k clusters.
The K-medoids algorithm uses objects in the set to represent a cluster. Objects representing a cluster are
called medoids. Clusters are constructed by calculating the proximity between medoids and non-medoid
objects [8]. Steps for K-medoids analysis [9]:

1. Initialize k cluster centers (the number of clusters).

2. Allocate each data object to the closest cluster using the Euclidean distance measure.

3. Randomly select an object in each cluster as a new candidate medoid.

4. Calculate the distance between each object in each cluster and the new candidate medoid.

5. Calculate the total deviation (S) by subtracting the total new distance from the total old distance. If § <
0, swap the object with the cluster data to form a new set of objects as medoids.

6. Repeat steps 3 through 5 until there are no changes in the medoids, resulting in clusters and their

respective members.
7. The clustering results use the best clustering results obtained in the study using the silhouette index
and dunn index and Davies-Bouldin index (DBI).

2.2 Euclidean distance

Euclidean distance is the calculation of the distance between two points. Euclidean is related to the
Pythagorean Theorem, namely by calculating the square root. For example, A and B are in p-dimensional
space, given A(x,, Xy, ... ,x,)and B(yy,¥,, .. ,¥,), hen the Euclidean distance from A to B is [10]:

dup = ,ijl(xi —¥i)? (1)

2.3 Davies Bouldin Index
The Davies Bouldin Index (DBI) maximizes inter-cluster distances while simultaneously minimizing the
distance between points within a cluster [11].

1 k
DBI = Ez,_lmaxiﬂ(Rij) ()
2.4 Silhouette Index

The Silhouette Index evaluates the placement of each object within each cluster by comparing the
average distance between objects within a cluster and the distance between objects in different clusters

[12]. ' '
S@) = b(i) — a(®)

" max (a(i), b(0)) (3)

Given:
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m JJika a(i) ®
S@) = 0 Jjika a(i) = b(i) (4)
b(®)

m -1 ,jika a(i) > b([)

The range of values of the silhouette coefficient is -1 to 1. If the value of the silhouette coefficient is
close to 1, then the object is in the right cluster, if it is around 0 then the object can be between 2 clusters,
and if the result is negative, then the object may be in the wrong cluster. The best number of clusters or the
optimal number of clusters is the number of clusters with the highest average silhouette score where the
average is taken from the silhouette value of each cluster.

2.5 Dunn Index
This measure of cluster validity is based on the fact that separate clusters typically have large inter-

cluster distances and small intra-cluster diameters [13].
D= min#f{d(cicj)} (5)
max{5(Cy)}
Where S(CiCj) is the distance between clusters C; dan G and A(C,) is the diameter of the cluster C, (the

maximum distance within a cluster). The larger the Dunn Index, the better the clustering results.

RESULTS AND DISCUSSION

3.1 Descriptive Statistics
This study was conducted to determine the percentage of poverty groups in the Sumatra region using
the K-Medoids method.
TABLE 1. Results of the Optimal Cluster Test

Total Data K Value Dunn Index Value Silhouette Index Value DBI Value

2 0,0508 0,4240 0,9474
3 0,0754 0,2948 1,2143
4 0,0600 0,2756 1,3170
154 5 0,0903 0,2824 1,0975
6 0,0859 0,2724 1,1818
7 0,0859 0,2932 1,1479
8 0,0889 0,3068 1,0818
9 0,0851 0,3012 1,0660
10 0,1070 0,3075 1,0578

Based on Table 1 above, the testing results show that the three validation measures demonstrate the
optimal number of clusters selected for each validation measure. There are differences in the Dunn Index,
Silhouette Index, and DBI values for optimal clustering results. As seen in the table, the Dunn Index
validation test showed the optimal number of clusters with a value of 0.1070. In the Silhouette Index test, a
cluster count of 2 indicated the optimal number of clusters with a value of 0.4240. Based on the Davies-
Bouldin Index test, the optimum clustering result was two clusters with a value of 0.9474.

After conducting the Silhouette Index, Dunn Index, and Davies-Bouldin Index tests, the optimum

clustering result was two clusters. The following is a visualization of the resulting clusters:
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FIGURE 1. Visualization of Optimal Cluster Results
TABLE 2. Description of Optimal Cluster Results
Cluster Mean X, Mean X, MeanX; MeanX, Total
1 13,78 8,65 3,67 14,76 57
2 13,36 8,58 4,75 7,34 97

Based on Table 2, it can be seen that cluster 1 has 57 members of districts/cities with an average
value of Expected Years of Schooling (X;) of 13.78 years in the fairly high category, Average Years of
Schooling (X,) of 8.65 years in the moderate category, Open Unemployment Rate (X;) of 3.67% which is
quite low, and the Percentage of the Poor Population (X,) of 14.76% which tends to be high. From these
characteristics, it can be concluded that cluster 1 reflects an area with a high level of poverty. Cluster 2 has
97 members of districts/cities with an average value of Expected Years of Schooling (X;) of 13.36 years
which is categorized as quite high, Average Years of Schooling (X,) of 8.58 years which is categorized as
moderate, Open Unemployment Rate (X3) of 4.75% which is categorized as moderate, and the Percentage
of the Poor Population (X,) of 7.34% which is categorized as moderate. From these characteristics, it can
be concluded that cluster 2 reflects an area with a moderate level of poverty.

CONCLUSION

Based on the results of a cluster analysis of poverty rates in the Sumatra region using 154 observations,
it can be concluded that using k = 2,3,4, ...,10. The optimum clusters obtained based on the Silhouette
Index and Davies-Bouldin Index values were two clusters, with values of 0.4240 and 0.9474, respectively.
Cluster 1 has 57 districts/cities, and Cluster 2 has 97 districts/cities.

Cluster 1 has an average Expected Years of Schooling (X;) of 13.78 years, an Average Years of

Schooling (X,) of 8.65 years, an Open Unemployment Rate (X;) of 3.67%, and a Percentage of Poor
Population (X,) of 14.76%. Based on these characteristics, it can be concluded that Cluster 1 reflects an
area with a high poverty rate. Cluster 2 has an average Expected Years of Schooling (X;) of 13.36 years,
Average Years of Schooling (X,) of 8.58 years, Open Unemployment Rate (X;) of 4.75%, and the
Percentage of Poor Population (X,) of 7.34%. From these characteristics, it can be concluded that cluster
2 reflects an area with a moderate level of poverty.
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