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1. INTRODUCTION

Human health is a basic need that 1s multi-nature so it is important to always pay attention, because
health is the first and main asset in human survival. Health 1s also one part of welfare, because people who
are more successful in human development are those who have a high level of health.

To describe the health condition of the community in Langkat Regency, indicators of health status
were used including morbidity, birth attendants and life expectancy.

In the 2017 National Social Survey (SENSUS), residents of Langkat District who experienced health
complaints amounted to 15.65 percent, 46.24 percent for outpatient treatment to overcome these health
complaints, while 53.76 percent did not seek outpatient treatment. This is because, because they do not
have medical expenses (2.11 percent), do not have transportation costs (0.07 percent), they treat themselves
(79.25 percent), feel unnecessary (17.61 percent) and other reasons (0.96 percent) (BPS, 2018). The low
awareness, willingness and ability to live a healthy life in Langkat District has resulted in a decreased level
of health in Langkat District, this 1s evidenced by the large number of people experiencing health
complaints. Based on the description.
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2.

RESEARCH METHODE
Cluster Analysis

Cluster analysis 1s a multivariate analysis (many variables) that functions to group objects or several
variables based on their characteristics. In addition, cluster analysis also aims to maximize the similarity of
objects 1n the cluster while also maximizing differences between clusters (Hair, 2009).

The process of processing data so that data sets can be formed into clusters using cluster analysis 1s as
follows (Santoso, 2015).

Setting the Distance Between Data Sizes
The measure used in measuring the similarity between data in cluster analysis 1s Square euclidian
distance (squared euclidean distance).
P 2
d!»]. = Z(yﬂ( _}"_/l() i1, 7=12,...,n 2.1
k=1
The distance between objects can be written in the form of a matrix. The matrix is a collection of
numbers (elements or etr1 in the form of real or complex items) arranged in rows and columns to form a
rectangle that 1s mxn size enclosed mn square brackets (Husein, Rina, and Hari 2017), as in the equation

(2.2).
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Where 1s the distance between objects to 7 and toj foreach 1, j=1, 2, ..., n.

Conduct Data Standardization Process

In the process of standardizing data, the first thing to consider is whether the data unit has outliers or
different data on a large scale (outlier) among the research variables. Detection of outlier data can be done
by determining the boundary value that i1s used as part of outlier data, by changing the score from the initial
or raw data into standardized score (z-score), with the result of standard deviation of one and means
(average) zero.

Z = (2.3

Clustering Process
Clustering process is a process carried out by two methods, namely the hierarchical and non-hierarchical
methods.

a. Hierarchy Method

Hierarchical method is a method that 1s done in stages. In this method will form a certain stage
as 1n the tree structure and can be produced in the form of a dendogram. Dendogram 1s a visual
representation of the stages of the cluster analysis process that 1s formed which produces the value
of the distance coeflicient at each stage. The result in the form of a number to the right of the
dendogram 1s the object of research, because there is a line that connects these objects with other
objects to form a cluster (Simamora, 200)5).

Single Link Method (Single Linkage Method)
Single linkage method (the closest distance) or a single link can be done by grouping data based on the
shortest distance (Rencher, 2002).
D (A, B) = min {d (vi, y)), for yi in A and yj in B} (2.4)

Complete Link Method (Complete Linkage Method)
Complete linkage method (long distance) can be done by grouping data based on the longest distance
(Rencher, 2002).
D (A, B) = max {d (vi, yj) for yi in A and yj in B} (2.5)
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Average Link Method (Average Linkage Method)
Average linkage method 1s a method that is done by grouping data based on the average distance
between the whole data (Rencher, 2002).

ny ng

ZZO’ iy

1,411
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D(A,B)

‘Ward Method (Ward's Method)

Ward's method 1s clustering by maximizing the similarity in one cluster and using a complete calculation.
At each stage, the distance between the two clusters that can be formed is Sum of Square Error (SSE) in the
two smallest clusters combined (Rencher, 2002).

SSE = Z(V'—})(V'—V) 2.7)

If A, B and AB are clusters, then the sum of the squares of errors in the cluster are:

114

SSEy = (vi=74) (vi-74)
1=l

g

SSE = Z( v p) (v

~vy) (2.8)

SSE 3 = Z( ~an) (i =7 an)

The ward method can join two clusters and Whl(h can minimize the increase Sum of Square Error (SSE).

Defined as follows:
1,5 =SSE ;3 —(SSE , +SSEy) (2.9)

It can be seen that the increase in the 1 45 In equation (2.9) has the following equivalent form (Sukmawati,

2017):

Iy = SSE 1y —(SSE | + SSEy;)

Lyp=ny (‘_1 ~¥ 4B ) (71 ~ Vs ) Ty (‘_B ~ Vs ) (‘_H - ‘_m) (2.10)
- (55 ()|

Based on equation (2.10), it is the result of minimizing the increase in equivalent SSE. by minimizing
distances between objects. SSE, and SSE; will be zero if A only consists of yi and B consists of yj. In

equations (2.9) and equation (2.10) produce equations with formulas that will be used in calculating the
distance between objects using the ward method as follows:

1 ,
1y =888 = (vi=v,)(ri-v))

_ %(12 (v} @.11)
ya S
_ 1 (va—vu )Z

Central Method (Centroid Method)

Centroid method also called the center point method, where the distance between clusters in the
centroid method is the distance between centroids. If a new cluster formation occurs, there will be a
recalculation (Rencher, 2002).

D(AB)=d(y,.7p) ©.19)
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After two clusters and join, center of the cluster can be given as follows:

- n uy,o+ngy
A B-
yp=_atasVp 2.13)
11 4 + g

b. Non-Hierarchy Method

The non-mathematical method 1s also called the method k-means. This method 1s not the
same as the hierarchical method, because the non-hierarchical method starts by determining in
advance a numberthe cluster desired start, then the results of these observational objects merge
and form the cluster.

Data Sources and Research Variables
In this study, the data used are secondary data obtained from the Langkat District Health Office in
2018. This study uses three indicators of community health degrees with six variables.
Data analysis
1. Gather references regarding cluster analysis and health indicators
Collecting data on health indicators obtained from the District Health Office of Langkat
Describe health indicator data
Using data standardization
Determine a procedure in cluster analysis
In this study using a cluster analysis of the hierarchical method using the ward method
Conduct cluster analysis results
7. After obtaining the results of the cluster analysis, the next step is to interpret the results of the
cluster formed
8. Conclusions and recommendations.

ro

S @

3. RESULT AND ANALYSIS
Data Standardization
In the process of standardizing data, calculations are performed the z-score obtained by using equation
(2.3). Here is an example of calculating z-scores for variables X| (number of deliveries assisted by health
workers) in Bahorok sub-district.
X —x,
S~"1
839 -918.2609
382.2111
-79.2609
382.2111
=-0.207374612
This process continues until the entire data produces the same unit scale.

Z x, Bahorok =

Calculating Data Between Sizes
This process 1s done after standardizing the data, the method used to calculate the size between
objects is the square euclidian distance (squared euclidean distance) with the equation formula (2.1). The
following 1s a sample by calculating the size between Bahorok sub-district and Serapit sub-district (objects
1 and 2).
) 9

—~0.207874612-(-1.457992537) )" +(0.265885835 — (—1.448363355))
d(1 9y =| +(0.271846417 —(—1.078995346))2 +(~0.43908295 — (—0.697964858))2
+(0.495497392 — 1.075830657)” +(0.678783165 — 1435559369 )°

+0.572710222
=5.763588514

This process continues until knowing the overall size of the distance between objects.

(1.564()45197 +1.398253086 +1.824773467 + 0.067019842 + ().336786699]
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Based on the calculation of the size between 23 districts using square euclidian distance (squared
euclidean distance), it is known that the closest pair of objects 1s the Salapian district and the Sawit
Seberang district with the closest distance of 0.396188.

Cluster Analysis Process Using the Ward Method

The clustering process in the hierarchical method with the ward method is carried out using the two
closest objects (districts), where the distance is the closest between the distances of 23 objects (districts)
that exist. For example Bahorok sub-district and Serapit sub-district by using equation (2.11).

1;=58SE; = %(.V/ -v; )(‘1 —v; )’

. L
SSE(B;zlmml;,Sf-mpir) = ; d (-Vi ’ -V‘/' )

1 &

- EZ(“/ Yk )2

k=1
= %(5.763588514)

=2.881794

Based on the results of the whole calculation, it 1s known SSZ smallest 1s. SSE( Salapian, S Scberang) = 0.198

The above process is carried out to count between the two clusters formed, with each cluster
consisting of one object. Clustering method that starts from two or more closest objects into one cluster,
then 1s done by calculating the distance of a cluster with a new object, this process is carried out in stages.

The cluster analysis process using the ward method produces 3 clusters that are formed, including;
Cluster 1 shows A consisting of Bahorok, Kuala, Binjai, Wampu, Hinai, Padang Tualang, Batang
Serangan, Gebang, Pangkalan Susu and Besitang sub-districts. Cluster 2, for example B, consists of
Serapit, Salapian, Kutambaru, Palm Overseas, Sei Lepan, West Brandan and Pematang Jaya districts.
Cluster 3, for example C, consists of the districts of Se1 Bingai, Done, Stabat, Secanggang, Tanjung Pura
and Babalan.

Cluster Formation 1
For the SSE value the object in cluster 1 1s A (8SE ), then:

SSE =3 " (v =v ) (= 74)

— 2 — 2 -\ — 2 — 2 -\
(Yl _~VA) +(~V2 _.VA) +(«V3_«VA) +(J”4 _MVA) +(J”5 _}”A) +(J”6_J’A)

9
+...+ (_V(;() —Va )
0.032823944 + 0.057448908 + 0.088832153 + 0.170471656
[ 40.27216902 + 0.497002414 + ... + 1.103911392
=17.15217241
So, value for SSE ; of 17.15217241 shows that the 10 districts have similar characteristics of health
indicators.
The above process continues until the formation of cluster 2 and cluster 3 where the value of each
cluster formation is:
- For cluster 2is B (SSE ) obtained a value of 27.98825302 indicating that of the 7 districts have
similar characteristics of health indicators.
- For cluster 3 is C (SSL, ) obtained value of 41.53542429 shows that from 6 districts have similar
characteristics based on health indicators.
Based on the results of cluster analysis it is known that cluster A has similar characteristics based on health
indicators in Langkat District with the closest value among other clusters with a distance of 17.15217241.
Whilethe cluster C has the farthest distance between the other clusters 41.53542429.
The next step is to carry out the process of forming clusters A and B, A and C, B and C as shown in
the calculation below:
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Formation the cluster A and B
For SSE values the objects in clusters A and B are AB (SSE ), then:

. nAB — ! —
SSE 45 = z (J"/ -y Ab’) (J”/ -y 15)

=1
N N -\ N N
(J"l —Van ) + (.Vz -y Ab’) + (J”s —Van ) + (.V4 ~Van ) + (J".G —Van )

+(,V6 ~Vap )z tot (,‘/144 ~Vap )2

0.009068907 +0.001348328 +0.329994915 +0.018626115
- [+0.636968102 +0.963123559 +--- +0.038345018 j
= 56.27292492

So, value for SSE ;5 of 56.27292492 shows that from 17 sub-districts have similar characteristics based

on health indicators.
1,3 =SSE ;3 —(SSE  +SSEy)
= 56.27292492 — (17.15217241 + 27.98825302)
56.27292492 — 45.14042544
=11.13249948

So, total value [ 45 of 11.13249948 shows that from 17 districts have a maximum value.

The above process continues until the formation of clusters A and C and clusters B and C where the
value of each cluster formation is:

- For clusters A and C, values are obtained SSE ;- of 74,58749046 shows that from 16 districts have
similar characteristics based on health indicators. So, the total value for 1 4~ of 15.89989376 shows
that of 16 districts have a maximum value.

- For clusters B and C obtained values SSE g~ of 114.7749548 shows that from 13 districts have similar

characteristics based on health indicators. So, the total value for g~ of 45.25127749 shows that of 13

districts has a maximum value.
Based on the results of the analysis above, it is known that the total distance that experiences the farthest
value 1s in 13 districts with a value of 45.25127749 that has similar characteristics based on health
mdicators while the total distance that experiences the closest value with a distance of 11.13249948 occurs
in 17 districts.

Tabel 1. Profile of each Cluster

Centroid value X Xy Xy X, X; X

Cluster 1 -0,023 0.230 0.388 -0.375 -0.296 -0,081
Cluster 2 -1,033 -1.197 -1,217 -0,653 0.130 -0,215
Cluster 3 2,709 2012 2,274 2,378 0.585 0.662

Based on Table 1, it can be concluded that the amount the cluster generated by using the ward method
for grouping districts in Langkat Regency as many as 3 the cluster based on health status, i.e. the cluster with
a high degree of health, the cluster with moderate health status, and the cluster with a low degree of health.

Cluster with a high degree of health found at the cluster 2, this can be seen in variables X, Xy, X;
and X, with the lowest value though X and Xj is the second lowest level.

Cluster with a moderate degree of health at the cluster 1, this can be seen in variables X;, X, , X3 and
X, with the second lowest value as well X;; with the lowest value.

Cluster with a low degree of health found in the cluster 3, this can be seen in variables X}, Xy, and

X the tall ones as well are in the second level and X;, and X;; which is quite high.

CONCLUSION
From the results of the analysis the cluster it was found that there are 3 subdistrict clusters that have
similar characteristics based on health indicators with 6 variables.
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a. Clusterl consists of 10 districts, namely; Bahorok, Kuala, Binjai, Wampu, Hinai, Padang
Tualang, Batang Serangan, Gebang, Pangkalan Susu, and Besitang. Value Result SSE of
17.15217241.

b. Cluster2 consists of 7 districts, namely; Serapit, Salapian, Kutambaru, Sei Lepan, Seberang
Seberang, West Brandan, and Pematang Jaya. Value Result SSE of 27.98825302.
C. Cluster3 consists of 6 districts, namely; Sei Bingai, Done, Stabat, Secanggang, Tanjung Pura,

and Babalan. Value Result SSE of 41.53542429.

Cluster analysis results that have similar characteristics based on health indicators with values the closest
of the other clusters 1s in the first clustering by value SSE of 17.15217241. While the value that has similar
characteristics based on health indicators with the SSE value farthest among other clusters 1s found in the
third cluster with values SSE of 41.53542429.

Z.ero: Jurnal Sains, Matematika dan Terapan


http://issn.pdii.lipi.go.id/issn.cgi?daftar&1496817420&1&&

Zero: Jurnal Sains, Matematika dan Terapan d 35

REFERENCES

[1]  Alwi, Wahidah, Muh. Hasrul. 2018. Cluster Analysis for Regency / City Grouping in South Sulawesi Province
Based on Community Welfare Indicators. MSA Journal. Vol. 6, No. 1.

[2] Aprilia, Ni Wayan A, I Gusti M. S, Kartika S. 2016. Grouping Villages in the City of Denpasar According to
Educational Indicators. Mathematical I-Journal. Vol. 5, No. 2.

[3] Central Statistics Agency. 2018. Langkat District People's Welfare Indicator 2018. Taken
frombhttps://langkatkab.bps.go.id. North Sumatra: Central Statistics Agency of Langkat Regency.

[4] Gundono.2011. Multivariate Data Analysis. Ed. 1. Yogyakarta.

[5] Hair, Joseph F., Black, WC, Babin, BJ, et al. 2009. Multivariate Data Analysis (7th ed). Upper Saddle River:
Prentice-Hall International, Inc.

[6] Husein, Ismali. Rina Filia, Sumardi. 2017. Matrices and Linear Transformations. Medan: Pranada Media Group.

[7] Husein, Ismail H Mawengkang, S Suwilo "Modeling the Transmission of Infectious Disease in a Dynamic Network"
Journal of Physics: Conference Series 1255 (1), 012052, 2019.

[8] Husein, Ismail, Herman Mawengkang, Saib Suwilo, and Mardiningsih. "Modelling Infectious Disease in Dynamic
Networks Considering Vaccine." Systematic Reviews in Pharmacy 11.2, pp. 261-266, 2020.

[9] Mugdad Irhaeem Kadhim, Ismail Husein. "Pharmaceutical and Biological Application of New Synthetic
Compounds of Pyranone, Pyridine, Pyrmidine, Pyrazole and Isoxazole Incorporating on 2-Flouroquinoline
Moieties." Systematic Reviews in Pharmacy 11 (2020), 679-684. doi:10.5530/srp.2020.2.98.

[10] Hamidah Nasution, Herlina Jusuf, Evi Ramadhani, Ismail Husein. "Model of Spread of Infectious Diseases."
Systematic Reviews in Pharmacy 11 (2020), 685-689. doi:10.5530/srp.2020.2.99.

[11] Husein, Ismail, Dwi Noerjoedianto, Muhammad Sakti, Abeer Hamoodi Jabbar. "Modeling of Epidemic
Transmission and Predicting the Spread of Infectious Disease." Systematic Reviews in Pharmacy 11.6 (2020), 188-
195. Print. do1:10.31838/srp.2020.6.30

[12] Husein, Ismail, YD Prasetyo, S Suwilo "Upper generalized exponents of two-colored primitive extremal ministrong
digraphs"AIP Conference Proceedings 1635 (1), 430-439, 2014

[13] S Sitepu, H Mawengkang, I Husein “Optimization model for capacity management and bed scheduling for hospital”
IOP Conference Series: Materials Science and Engineering 300 (1), 01,2016.

[14] Syah Rahmad, M K M Nasution, Ismail Husein, Marischa Elveny, “Optimization Tree Based Inference to

Customer Behaviors in Dynamic Control System”, International Journal of Advanced Science and Technology,

pp. 1102 - 1109,2020.

Husein Ismail, Rahmad Syah, “Model of Increasing Experiences Mathematics Learning with Group Method

Project”, International Journal of Advanced Science and Technology, pp. 1133-1138, 2020.

[16] Husein, Ismail. 2017 Filsafat Sains. Medan: Perdana Publishing.

[17] T Husein, RF Sari, H Sumardi, M Furqan, 2017, Matriks dan transformasi linear, Jakarta: Prenada Media Group

[18] Syah Rahmad, Mahyuddin K.M Nasution, Ismail Husein, “Dynamic Control Financial Supervision (OJK) for

[15

Growth Customer Behavior using KYC System”, International Journal of Advanced Science and Technology, pp.
1110 - 1119, 2020.

[19] Rencher, Alvin C. 2002. Method of Multivariate Analysis Second Edition. Canada: John Wiley & Sons.

[20] Santoso, Singgih. 2015. Mastering Multivariate Statistics Basic Concepts and Applications with SPSS. Jakarta: PT
Elex Media Komputindo.

[21] Simamora, B. 2005. Multivariate Marketing Analysis. Ed. 1. Jakarta: PT Gramedia Reader.

[22] Sukmawati. 2017. Cluster Analysis with Hierarchy Method for Grouping Regencies / Cities in South Sulawesi
Province Based on Macroeconomic Indicators. Makassar: UIN Alauddin Makassar.

[23] Muqdad Irhaeem Kadhim, Ismail Husein, Lelya Hilda, Sajaratud Dur, Abeer Hamoodi jabbar. "The Effect for
Chloroquines and Hydroxychloroquines as Experimental therapy of Coronavirus-19." Journal of Critical Reviews
7 (2020), 305-309. doi:10.31838/jcr.07.17.43

[24] Hawraa A. Al-Ameer Humood, Ismail Husein, Lelya Hilda, Sajaratud Dur, Muqdad I.Kadhim. "Synthesis the
seven-ring compounds (oxazepine) from the principles of schiff bases and study the biological activity of them."
Journal of Critical Reviews 7 (2020), 292-304. doi:10.31838/jcr.07.17.42

Cluster Analysis Using the Hierarki Method for Grouping Sub-Districts In The District Steps Based On Health Indicators



