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Abstract

Pneumonia is an infection of the respiratory tract caused by bacteria, viruses, or fungi.
The number of pneumonia cases in West Java is relatively high, therefore, it is necessary to
identify some group of regencies/cities in which have a common characteristic, to make it easier
to handle. The data used is data on the number of pneumonia cases in 27 regencies/cities in
West Java in 2020. In this study, chi-squared test was applied to determine the characteristics
of pneumonia spread in West Java. Then, a regression-based analysis by using the Irregular
Graph Fused LASSO method was used to provide the cluster of regencies/cities, by consider-
ing the adjacent locations of regencies/cities as a penalty matrix. The results obtained that
the cases spread unevenly. The number of cases for every 1000 people in each regency/city
was relatively high in the eastern part of West Java. There were 6 clusters obtained from 27
regencies/cities, with Pangandaran regency as the location with the highest cases occurred.
Depok City and Bekasi City were locations with the lowest number of cases even though they
have relatively high population numbers.
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1. Introduction

Pneumonia is a type of disease related to breathing. Bacteria, viruses, or fungi are the common
factors that causes pneumonia by contributing infection of the respiratory tract [1]. The response
of this disease affected individuals varies widely, ranging from mild to severe. The spread of this
disease directly often occurs through splashes of saliva that are released from the mouth into the
air like sneezing. While, for indirect spread, it is common occurred by hand contact with saliva
adhering to an object such as tissue, unsterilized ventilators and so on.

West Java Province is the area with the highest number of pneumonia cases in Indonesia
from 2013 to 2017 [2]. Even though the pneumonia cases have decreased starting in 2019, the
pneumonia prevention by government might see inefficient because the decrease in the number of
cases from year to year is relatively small. This is because the spread of this disease does not
spread evenly in all districts and cities in the province of West Java. Therefore, this study will
analyze the distribution of pneumonia cases in regency/city based on 2020 data using chi-squared
test analysis.
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Then, in this study, we applied Irregular Graph Fused LASSO [3] to identify the cluster of
regency/city based on the number of pneumonia cases for every 1000 people in each regency/city.
The Irregular Graph Fused LASSO is a method with a penalty (shrinkage) which is a linear
function of the regression parameters based on regency/city adjacencies. In this case, the penalty
is defined as the difference between the response values that are close to each other in adjacent
regencies/cities. This method is considered very effective in clustering adjacent or neighboring
objects as mentioned in [4], as in the application of clustering on burglaries per household between
2005 and 2009 in Chicago, IL.

2. Methods

The data used is data on the number of pneumonia cases in 27 regencies/cities in West Java in
2020 [5]. We also used number of populations for each regency/city, to obtain the target variable
(Y) as the number of pneumonia cases for every 1000 people in each regency/city. The steps of
analysis used are as follows:

a) Data description
This step is used to find out whether pneumonia cases spread evenly in all regencies/cities
in West Java province, with the hypothesis:

b) Calculation of the Chi-squared Goodness of fit test
This step is used to find out whether pneumonia cases spread evenly in all regencies/cities
in West Java province, with the hypothesis:
H0: pneumonia cases spread uniformly (evenly) for each district/city
H1: pneumonia cases do not spread uniformly (evenly) for each district/city

c) Defining target definition variables
In this case, the target variable is obtained according to the formula below.

Yi =
Ci

Pi
× 1000 (1)

where Ci is number of pneumonia cases in i-th regency/city, Pi is number of populations in i-
th regency/city, and Yi is number of pneumonia cases per 1000 residents in i-th regency/city,
for i = 1, 2, ..., 27.

d) Clustering regency/city using the Irregular Graph Fused LASSO
One application of cluster analysis is for mapping objects which have similar characteristics
[6]. We applied the Irregular Graph Fused LASSO to the target variable (Y), after the data
is relatively symmetrical. The results of this method are in the form of 2-dimensional images
that can be interpreted descriptively in terms of the distribution of cases spread. In general,
this method can be described as a form of multiple linear regression model as follows:

Y = Xβ + ε (2)

where Y is n × 1 target variable vector, X is n × p predictors matrix, β is p × 1 coefficient
parameter vector, and ε is n× 1 random vector.

Then, the LASSO is defined by adding the l1 penalty term on the coefficient parameter of
formula (2) as stated in [7]. The coefficient estimator of LASSO can be written as:

β̃ = argmin{|Y - Xβ|2
2
+ λ|β|1} (3)

where |a|2 =
√∑

a2i , |a|1 =
∑

|ai| , for arbitrary vector a, and λ > 0 is a tuning parameter.
Moreover, the Irregular Graph Fused LASSO considers the coefficient adjacencies which no-
tated in the m×n penalty matrix D in the penalty terms [8]. Each row of penalty matrix D
contains 1 and -1 for adjacent districts/cities. Consider n locations in the data and let the
i-th and j-th locations be adjacent. Therefore, the row of penalty matrix D can be stated as:
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The coefficient estimator of Irregular Graph Fused LASSO can be written as:

β̃ = argmin
{
|Y −Xβ|22 + λ|Dβ|1} (4)

When D = I, then formula (4) is equivalent to formula (3). Practically, to apply the Irregular
Graph Fused LASSO for spatial clustering, we define the predictor matrix X is identical, so
that X = I. Therefore, the formula (5) can be simplified as:

β̃ = argmin
{
|Y − β|22 + λ|Dβ|1} (5)

In this case, to determine the optimal tuning parameter λ, we used the ALOCV approach
[9], [10]. The application of ALOCV in the Irregular Graph Fused LASSO has small error
and good performance for spatial clustering [11].

3. Result and Discussion

The distribution of number of pneumonia cases in 27 regencies/cities in West Java 2020 can be
seen in Figure 1. We can see that the histogram is skewed to the right with an outlier which has
large number of pneumonia cases. It is indicated that majority of regencies/cities in West Java
occurred relatively small number of pneumonia cases, while, in several regencies/cities the number
of pneumonia cases relatively higher compared others.

Figure 1. Description of the spread of pneumonia in West Java in 2020

Then, the chi-squared test was applied to see the characteristics of the spread of pneumonia
cases in West Java, in which the results is summarizes in Table 1. Based on these results, it can be
concluded that reject H0, or in other words, the spread of pneumonia has an uneven distribution
point in each location. There are some groups of locations have a different pneumonia spread cases
compared to other locations. Therefore, it is reasonable to identify regency/city cluster based on
the spread of pneumonia cases in West Java 2020.
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Table 1. Summary of chi-squared test for pneumonia cases spread

Chi-squared test statistics Degree of Freedom p-Value
43445 26 < 2.2× 10−16

The next step is to define the target variable (Y) for regencies/cities clustering as the number of
pneumonia cases per 1000 residents (equation (1)). The distribution of Y is presented as histogram
in Figure 2. The distribution is also relatively skewed to the right a not symmetrical.

Figure 2. The number of cases for each region

Since the Irregular Graph Fused LASSO assumes that the distribution of the target variable
should be symmetrical [8], we transformed the target variable (Y) by using the natural logarithm
transformation. Therefore, a more symmetrical distribution is obtained, as shown in histogram in
Figure 3.

Figure 3. Histogram of the natural logarithm of number of pneumonia cases per 1000 residents
(ln(Y))

The next step is performing cluster analysis by using the Irregular Graph Fused LASSO based
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on ln(Y). Figure 4 presented the spatial distribution of ln(Y) to see the actual distribution before
the clustering processing with the green color indicates the lower value, yellow color indicates the
medium value, and red color indicates the higher value. There are several locations with a relatively
low number of cases: Bandung City, Bandung Regency, Bekasi City, and Tasikmalaya City. While
the location with the highest cases occurred in Pangandaran Regency. Purwakarta Regency also
has a high number of cases, while the surrounding locations are relatively low

Figure 4. Spatial plot of ln Y

Then, the Irregular Graph Fused LASSO was applied to identify the clusters of regencies/cities
based on ln(Y). In this case, we have n = 27 regencies/cities with m = 53 adjacent locations.
Therefore, the dimension of the penalty matrix D is 53 × 27. We applied the formula (6) and
ALOCV [9] to obtain the optimal tuning parameter λ. As a result, the optimal tuning parameter
λ was 0.3019 with the mean squared errors (MSE) was 0.2441. The spatial plot of the clustering
results is presented in Figure 5.

Figure 5. Spatial plot of regencies/cities clusters of ln(Y) based on the Irregular Graph Fused
LASSO method
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As seen in Figure 5, there were six clusters constructed in which indicated by the common
color in each regency/city. The regencies/cities cluster with the lowest cases occurred in Depok
City and Bekasi City. Meanwhile, Depok City and Bekasi City are locations with relatively high
population numbers, but the number of cases is relatively low. The clusters with the higher cases
were constructed in the eastern part of West Java. The further east, the more constructed clusters
have the higher the number of cases. Pangandaran Regency is the cluster with the highest number
of cases, in which followed by the cluster of Cirebon City, and cluster of Cirebon Regency and
Kuningan Regency. It can be suggested to the government that to handle the pneumonia cases
which occurs in West Java, the priority regencies/cities located in the eastern part of West Java,
especially in Pangandaran Regency, Cirebon City, Cirebon Regency and Kuningan Regency.

4. Conclusion

In this study it can be concluded that the incidence of pneumonia cases is not spread evenly for
each regency/city in West Java. Statistically, it can be stated that the number of pneumonia cases
that occur has different probabilities for each regency/city. Based on the Irregular Graph Fused
LASSO method, it can be seen the clusters of the number of pneumonia cases per 1000 people.
The clusters results obtained that the further east, there were the clusters with higher the number
of pneumonia cases. This means that the eastern region of West Java should be the priority to
handle the spread of pneumonia cases by the government.
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