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Abstrak. Serangan pandemi Covid-19 gelombang kedua yang terjadi
pada bulan Juni 2021 mengakibatkan meningkatnya jumlah korban
jiwa secara drastis. Hal ini diakibatkan karena berkurangnya
tanggung jawab masyarakat, rasa untuk saling menjaga, dan rasa
untuk saling melindungi sehingga menyebabkan melonggarnya
protokol kesehatan yang diterapkan. Perlu adanya mitigasi yang
tepat untuk menangani pandemi wabah penyakit Covid-19 ini
secara tepat, salah satunya adalah dengan menangani kasus pada
setiap wilayah dengan tingkat keparahan dari tinggi ke rendah.
Dengan pengelompokkan tersebut, dapat memberikan keputusan
wilayah mana saja yang harus diutamakan dalam mitigasi
pandemi Covid-19 ini. Untuk pengelompokkan setiap wilayah
dapat digunakan metode K-Means Clustering. Dari cluster
tersebut terdapat satu wilayah dengan tingkat keparahan tinggi,
delapan wilayah dengan tingkat keparahan sedang, dan 29
wilayah dengan tingkat keparahan rendah.

Abstract. The second wave of Covid-19 Pandemic Attacks that
occurred in June 2021 resulted in a drastic number of fatalities. This
is due to reduced community responsibility, a sense of caring for each
other, and a sense of mutual protection, resulting in loosening of the
health protocols implemented. There needs to be proper mitigation to
handle the Covid-19 pandemic properly, one of which is by handling
cases in each region with a low level of severity. With this grouping,
it can provide a decision on which areas must be available in
mitigating the Covid-19 pandemic. For grouping each region, the K-
Means Clustering method can be used. From these clusters, there is
one area with a severity level, eight areas with moderate severity, and
29 areas with low severity.
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1. Introduction

The Coronavirus Disease 2019 (Covid-19) pandemic has been around for more than
two years and has become a threat to all human life, until now Covid-19 still occupies
dangerous diseases throughout the world, one of which is Indonesia. As of July 2021,
reported cases of people who were positively exposed and suffering from Covid-19 reached
193 million cases where the death toll was 4.14 million worldwide [1]. Meanwhile, in
Indonesia, reported cases of people who were positively exposed and suffered from Covid-
19 reached 3.03 million, with the number of patients who had been declared cured of 2.39
million, and the number of victims who died as many as 79,032 million people [2]. Last
June 2021 became the beginning of the second wave of Covid-19 attacks in Indonesia [3].
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Figure 1. The rate of development of the number of Covid-19 cases in Indonesia [4]

Attention to the graph in Figure 1, after the first peak of cases in February fell, it
appears that in mid-May 2021 there was a spike in the number of cases, this is the sign of
the start of the second wave of the Covid-19 pandemic. This second attack can occur as a
result of reduced community responsibility, mutual care, and a sense of mutual protection,
causing a loosening of the health protocols applied [5]. In addition, there are other factors
that can cause this second wave of attacks, namely mutating the Covid-19 virus which
causes the virus to become stronger, has a more severe impact on victims, and accelerates
infection or transmission [6]. Conditions like this if not observed and get the right
treatment, will result in more and more cases which will cause a large number of victims,
the need for targeted mitigation and appropriate methods to accelerate the abatement of the
Covid-19 pandemic. In early July, the Indonesian government imposed an emergency
restriction on community activities or better known as the PPKM.

This PPKM is implemented simultaneously for all regions on the islands of Java and
Bali, this is due to the high number of positive cases from the second wave of Covid-19
attacks that occurred in Java and Bali [7]. The centre of the case of the second wave of
Covid-19 attacks is the province of DKI. Jakarta as the capital and economic centre in
Indonesia, and the province of East Java as the second largest metropolis in Indonesia.
Especially for the East Java region which was once the province with the highest cases in
Indonesia, especially the city of Surabaya which was once the black zone (worst) [8]. This
statement is also reinforced by research conducted by Solichin and Khairunnisa, where
from the research conducted, it is said that the province of East Java is the province with
the highest cases in Indonesia, although for now starting on July 25, 2021 for the province
of East Java itself ranks fourth with cases most as shown in picture 2 [9]. From the problems
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that have been presented, it is necessary to classify which areas are vulnerable areas
affected by the second wave of Covid-19 attacks in East Java province.
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Figure 2. Covid-19 Cases in Indonesia [4]

One method that can be used to classify which areas are affected in East Java Province
is to use clustering, for this reason, the use of clustering itself has been widely used to
classify Covid-19 cases around the world [10]. Therefore, a grouping is needed that focuses
on areas with a high number of cases to suppress the spike in cases and can minimize the
number of victims, one of which is the grouping of areas affected by the second wave of
Covid-19 in the East Java Province [11]. In determining the right mitigation strategy for
handling Covid-19, it is necessary to know the severity of infection in each region to
determine the priority of handling, one of which is is by clustering [12]. There are various
types of clustering methods that can be used, but in this study, K-Means Clustering will be
used. Based on several previous studies, the main variables that are often used to be
processed with K-Means Clustering are three, these variables are used as a benchmark for
the severity of a case, and the variables are the number of infected people, recovered
patients, and patients who died from Covid-19 [13], [14].

The severity of outbreak cases from an area can be determine based on the number of
infected cases, from the number of infected cases and then compared with the number of
instances recovered and died in a city [15]. The number of infected cases who recovered if
the ratio were more significant than the number of infected cases who died, then grouping
with K-Means would produce a group with low severity. There are several clustering
methods available, but when compared to other clustering methods, K-Means Clustering is
a clustering method with a higher accuracy level with a standard deviation of 2.2219, when
compared to the standard deviation obtained from clustering with FCM of 2.7592. , it can
be said that K-Means gives better results [16], [17]. K-Means Clustering is generally often
used to group an area affected by a pandemic or group something with a disease topic [18].

This method is also quite effective and efficient in classifying Covid-19 cases, in a
study conducted by Zubair et al, an analysis was carried out on how efficient this method
was, and it was proven to provide good results and a high level of accuracy [19]. In addition,
K-Means Clustering can also be used to determine the source of the spread of where this
virus came from, so using this method will provide more accurate results and can also
provide a more complete analysis. There have been several previous studies that have been
conducted discussing the grouping of provinces affected by the Covid-19 pandemic, one of
which was research conducted by Dahlan A., et al. In this study, provinces across Indonesia
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were divided into three categories of outbreak severity. The method used to classify each
province in this study using K-Means Clustering, DKI. Jakarta as the nation's capital has
exceptions which will automatically be included in the area with the highest severity level,
in addition, it was found that there are five other provinces classified in category one with
the highest level of severity [20]. with high severity, then the other 28 provinces were
classified in category two with moderate severity, while category three only contained DKI.
Jakarta province [21].

Then there is a study conducted by Diah NS and Irma Y. In this study discusses the
division based on the severity of Covid-19 in all provinces throughout Indonesia, the
method used to classify is K-Means Clustering with the division of three categories, namely
provinces with high levels of low severity, moderate severity, and high severity. The results
obtained are 27 provinces fall into the category of areas with low severity, for the category
with areas with moderate severity there are five provinces, while for the category with areas
with high severity there are two provinces, where the two provinces are DKI Jakarta and
East Java. Next, the researcher re-categorizes DKI. Jakarta and East Java Provinces into
two, DKI. Jakarta Province is categorized as the area with the worst impact of Covid-19,
followed by East Java Province [22].

Next is the research conducted by Fitria V., and Yasmin E. F., which in this study
discusses the division based on the severity of Covid-19 in each province throughout
Indonesia into seven categories. The category with the lowest severity starts from category
seven and continues up to category one with the highest severity. The method used for
grouping provinces in this study uses K-Means Clustering. From this study, it was found
that 10 provinces were included in category seven, 11 provinces were included in category
six, five provinces were included in category five, five provinces were included in category
four, two provinces were included in category three, one province was included in category
two, and one province fall into category one. The province for category one is DKI. Jakarta,
the province for category two is East Java, and the two provinces for category three are
Central Java and West Java, this makes the island of Java the region with the severity of
Covid-19 infection in Indonesia [23].

And for the last literature is research conducted by Ali M., which in this study
discusses the distribution based on the level of spread of Covid-19 cases in all districts or
cities in Central Java province. The grouping is divided into three categories, the method
used for grouping in this study is K-Means Clustering. From this study, the results obtained
are 33 districts or cities which are included in category one, one city is included in category
two, and one district is included in category three. This study does not classify the severity
of each region, but only analyzes how good the clustering results are based on the similarity
of characteristics, the distance between clusters, and the centroid [24].

From the four previous studies that have been carried out, in this study the K-Means
Clustering method will be used to group each district or city in the province of East Java.
The ease and accuracy of K-Means Clustering is very suitable for use in this study. The
categories will be divided into three categories, the determination of the number of 3
clusters is based on the level of accuracy obtained from several previous studies that have
been described previously, where better cluster results are obtained when grouped into 3
clusters. Namely for category one to be an area with a high severity level, category two to
be an area with a moderate severity level, and category three to be an area with a low
severity level. It is hoped that this research will provide a map of the distribution of the
spread of Covid-19 so that it can provide the right mitigation to be able to suppress the high
number of cases.

56



F. Akbar, E. L. Dekapriyo, A. M. Moefad, and A. M. Harris
Grouping of The Second Wave of Covid-19 Infection Area in East Java Province Using K-Means Clustering

2. Methods

In this research, of course, requires a method to run it in a structured, sequential, and
correct manner. The methods used, if briefly described, are presented in a flowchart in
Figure 3 below. The following is an overview of this research:

AT Covid-19 dat Initialization of K-Means
START ~p—— “OVI Cala Input data determining the "
/ collection o X Clustering
~_ number of cluster

Result Coloring the Showing
END ) R -
y Analysis map clustering results

Figure 3. Research Flowchart

2.1 Data Source
The data used in this study is secondary data. Data usage in July 2021 which can be
accessed via http://infocovid19.jatimprov.go.id/index.php/data.

Table 1. Sample Data on the Distribution of Covid-19 in East Java Province

No  District / City Active Patient Recovery Patient Patient Died
1 Dist. Nganjuk 1538 7242 512
2 Dist. Trenggalek 697 4587 633
3 Batu City 390 1821 180
38  Dist. Banyuwangi 839 8406 1144

2.2 K-Means Clustering

Clustering is the process of grouping objects based on data according to certain desired
characteristics or partitioning data sets into subsets [25]. The cluster method is divided into
two, namely hierarchical and non-hierarchical methods. The hierarchical method is done
by grouping data that have the closest similarity, while non-hierarchical is used for large
data and must determine the number of clusters to be formed [14]. Many stages are used
for cluster analysis, including the K-Means method. K-Means aims to partition data into
two or more groups. The following are the steps in classifying data using the K-Means
method [26]:

a) Determine the number of k as the number of groups formed.
b) Calculate the centre point using the formula :
Yis1 X

n

€Y)
Where :
xi . Data—i
n: There are many observations in the group
c) Calculating the distance of each observation to each centroid of each group, namely
the Euclidian Distance.

n

d(x,y) = |lx = yl| =\/Z O(Xi—J/i)z (2)
1=

Where :

xi : Data x on i observation n : Many observations

yi : Data y on i observation
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d)
e)

Group each data based on the closest distance to the centroid.
Determine the position of the new centre point by calculating the average of the data
in the same centre.

The application of the K-Means clustering method, each object is calculated at close

range based on the characteristics it has with a predetermined cluster centre. If the smallest
distance between objects and each cluster is a member of the closest cluster. Data
processing is carried out using R software. The following research steps are carried out,
among others:

a)
b)
c)
d)

3.

Covid-19 data collection in East Java Province based on district/city.

Perform the calculation of the K-Means method as previous explanation.

Grouping the area from the calculation of the distance between objects that have the
same characteristics.

Coloring the area based on the highest to lowest clustering results.

Results and Discussion

Based on the Covid-19 data that has been obtained, the next step is to group each

region using k-means clustering, the following results are obtained as shown in Figure 4
below:

Cluster plot

8 4 2 0
Dim1 (85.4%)
Figure 4. Plot of K-Means Clustering Results

Based on the results of the k-means clustering before, we can conclude in the form of

a table as below:
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Table 2. Results of Grouping With Clustering

No. District / City Cluster  Status  No. District / City Cluster  Status
1 Dist. Nganjuk 2 Medium 20 Malang City 2 Medium
2 Dist. Trenggalek 3 Low 21  Dist. Sampang 3 Low
3  BatuCity 3 Low 22 Surabaya City 1 High
4 Dist. Kediri 2 Low 23 Mojokerto City 3 Low
5 Dist. Blitar 3 Low 24 Dist. Madiun 3 Low
6 Blitar City 3 Low 25 Dist. Magetan 3 Low
7 Madiun City 3 Low 26  Dist. Gresik 2 Medium
8 Dist. Jember 2 Medium 27 Dist. Bangkalan 3 Low
9 Dist. Lumajang 3 Low 28 Dist. Probolinggo 3 Low
10  Dist. Situbondo 3 Low 29 Dist. Tuban 3 Low
11  Dist. Pasuruan 3 Low 30 Dist. Lamongan 3 Low
12 Dist. Sumenep 3 Low 31 Probolinggo City 3 Low
13  Dist. Mojokerto 3 Low 32 Dist. Bojonegoro 3 Low
14 Dist. Pacitan 3 Low 33 Dist. Bondowoso 3 Low
15  Pasuruan City 3 Low 34  Dist. Jombang 2 Sedang
16  Dist. Ponorogo 3 Low 35  Kediri City 3 Low
17  Dist. Sidoarjo 2 Medium 36 Dist. Malang 3 Low
18  Dist. Tulungagung 3 Low 37 Dist. Ngawi 3 Low
19  Dist. Pamekasan 3 Low 38 Dist. Banyuwangi 2 Medium

Based on the results of the clustering of regions with clustering above, it appears that
the city of Surabaya enters cluster 1, where the status of the severity of the Surabaya is high
and has resulted in the Surabaya being the city with the highest cases in the province of
East Java. Then there are eight areas that are included in cluster 2 where in this group are
areas with moderate severity due to Covid-19, these areas are: Dist. Nganjuk, Dist. Kediri,
Dist. Jember, Dist. Sidoarjo, Malang City, Dist. Gresik, Dist. Jombang, and Dist.
Banyuwangi. As for the areas that are included in cluster 3 where in this group are areas
with low severity due to Covid-19 totalling 29, these areas are: Dist. Trenggalek, Batu City,
Kabu. Blitar, Blitar City, Madiun City, Dist. Lumajang, Dist. Situbondo, Dist. Pasuruan,
Dist. Sumenep, Dist. Mojokerto, Dist. Pacitan, Pasuruan City, Dist. Ponorogo, Dist.
Tulungagung, Dist. Pamekasan, Dist. Sampang, Mojokerto City, Dist. Madiun, Dist.
Magetan, Dist. Bangkalan, Dist. Probolinggo, Dist. Tuban, Dist. Lamongan, Probolinggo
City, Dist. Bojonegoro, Dist. Bondowoso, Kediri City, Dist. Malang, and Dist. Ngawi. In
this case, Surabaya should be prioritized in taking mitigation measures to prevent the spread
of Covid-19 infection in East Java Province. Given the small size of the Surabayara area
with a high population density, it is appropriate that Surabaya deserves to be included in
cluster 1 with a high severity level, to be prioritized in carrying out appropriate treatment.

4. Conclusion

Based on the results obtained from the grouping of districts/cities based on the severity
of the impact of the spread and transmission of Covid-19, there is one high-affected area,
eight moderately-affected areas, and 29 low-affected areas. When depicted on a map, the
map of districts/cities impacting the second wave of the Covid-19 pandemic attack is as
follows:
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Figure 5. Map of the Distribution of Areas Affected by Covid-19 East Java

From the map shown above, the areas marked in red must be implemented to prevent
transmission and control activities that are not strictly necessary and strictly enforced.
Because if it is not handled quickly, the area around the red zone will also increase and
cause the yellow and green zones to increase as well. Then for the area with yellow colour,
it is an area with an alert condition, this condition is not too high in severity but still has to
follow the health protocols that have been recommended by the government and medical
personnel, if the health protocol is not implemented, it will result in this yellow zone
becoming a red zone, very dangerous for the wider community. the region. Meanwhile, the
green zone does not need to be too strict in handling cases in that area, but it must be
handled seriously and until there are no active cases in the area.

Suggestions for future research may be adding variables that influence other than
active patients, recovered patients, and patients who died. Then it is possible that the
number of affected area groupings can be increased and the results can also be compared
if using three groups with groups >3. In addition, it is also possible to use other cluster
methods such as Fuzzi C-Means Clustering (FCM), Hierarchical Clustering, or Gath-Geva
Clustering to obtain more diverse regional grouping results. In addition, it is also possible
to use other cluster methods such as Fuzzy C-Means Clustering (FCM), Hierarchical
Clustering, or Gath-Geva Clustering to obtain more diverse regional grouping results. This
is because in research related to clustering areas with case studies of the severity of Covid-
19 infection, it is still rare to compare the results of clustering with the methods described.
Comparing the results of clustering with several methods simultaneously, can provide more
information on decisions taken in the future which clustering method to use, or it can also
be developed by combining two methods at once to get more optimal results.
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