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Abstract. The aim of this study is to determine cluster analysis for panel data with multivariable data structures. Choosing a Ward
method Choosing a method in a cluster analysis hierarchical technique. Ward method is a method based on Sum Square Error (SSE) with a
measure of homogeneity between two objects based on the minimum number of error squares. The measure of similarity used is the
Euclidean distance squared. The Ward method is used to add variation between objects in one cluster and maximize variation with objects
in another cluster. The steps of the analysis are described in the discussion of this study. The method of implementation uses education
gross enrollment rate (GER) data in West Java Province in 2015-2018. The results of the study indicate that the grouping of education
GER data in West Java in 2015-2018 using the Ward method produces four clusters. The first cluster consists of five regions, GER for
Elementary school, junior and senior high school in the cluster are below the average APK in West Java. The second cluster consists of
two regions, in contrast to the first cluster GER for elementary schools in this cluster according to the average GER in West Java but for
junior and senior high school GER below the average GER in West Java. The third cluster consists of seven regions, the GER for
elementary, junior and senior high schools in this cluster is above the average GER in West Java while the fourth cluster consists of five

regions, the GER for elementary and junior high schools in this area is above the average GER in West Java.
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INTRODUCTION

Multivariate analysis in statistics is an analysis used for
data analysis with many variables. Some analyzes that
can be used for multivariate data include cluster analysis,
discriminant analysis, principal component analysis and
factor analysis.

This study discusses the development of cluster
analysis in multivariate analysis. Cluster analysis was
first used by Tyron in 1939. Cluster analysis aims to
allocate a group of objects to groups that are mutually
free so that the objects in one group are similar to each
other. In the grouping used a measure that can explain the
similarity or closeness between data, that is a measure of
distance or similarity. A measure of distance that is often
used is a measure of distance called the Euclidean
distance.

In cluster analysis the assumptions that must be
considered are data that is free from outliers and there is
no collinierity. In selecting objects into groups, cluster
analysis is sensitive to outliers. The clusters obtained do
not match the actual structure of the population if
outliers are involved in data processing. Whereas if there
is collinearity between variables before cluster analysis,
the initial data is transformed through the main
component technique into Z-Score.

The use of cluster analysis can be found in various
fields including marketing, insurance, urban planning,
education, psychology, language and others. In the field
of marketing cluster analysis can be used to form
marketing parties to determine specific clusters and

create special programs for this cluster. In the area of
urban planning, cluster analysis can be used to identify
houses by type, price and location. In analytical
education can be used to classify student data. For
example data in the form of students, parents, gender, or
GPA scores. So it can be grouped by students who have
high, medium and low GPA.

Education is considered very important in supporting
a country's economic growth. Several previous
researchers have proven the importance of education for
the community, including relating to poverty reduction,
improving health status, increasing social and political
participation, and so on. The participation rate in an
important  activity is known, by knowing the
participation rate it can be assessed whether the activity
is liked by the community or not. The greater the
participation rate of an educational program means that
the program, institution, region is of high quality,
conversely it is less and many participants stop in the
process of implementing the program meaning the
program, institution and region are not qualified. School
participation rates consist of 2 types of measurements,
namely the pure enrollment rate (NER) and the gross
enrollment rate (GER).

This research was conducted to group cities/
regencies in West Java into groups so that it is easy to
observe to determine which cities / regencies have high
and low GER. And also can see how far the difference in
GER in these groups. This research was conducted by
grouping objects against gross enrollment rate variables
of elementary, middle, and high school.



292 PROC. INTERNAT. CONF. SCI. ENGIN. 3: 291-296, April 2020

METHOD

Multivaribel Panel Cluster Data Analysis With Ward
Method

Cluster analysis is a multivariate statistical analysis that
aims to find out the data structure by placing the same
observational objects into one data group so that it can
be distinguished between groups of one with another
group or by separating cases / objects into several groups
that have different characteristics between groups one
with another. In this analysis each group is homogeneous
between members in the group or it can be said that the
variation of objects / individuals in one group is formed
as small as possible.

The main purpose of cluster analysis is to place a
group of objects into two or more groups based on the
similarities of objects on the basis of various
characteristics. The stages of analysis carried out in
research in solving cluster analysis cases are as follows:
a. Data standardization
Calculate similarity
Determine the cluster method
Determine the number of clusters
Cluster interpretation

®ao0oT

= Standarization of data

Outlier is a value from another set of data or different than
usual and does not describe the characteristics of the data.
In statistics, outliers are observation points far from
other observations. An outlier may be due to variability
in measurements or may indicate that the latest
experimental error is sometimes excluded from the data
set. Outliers can occur by chance in any distribution, but
they oftep indicate either measurement error or that the
population has a tail weight distribution. Standardization
of data detection data with standardization in principle
changes the value of data to form Z, by:

2.1)

Where x; is the i data, x is the average and s is the
standard deviation

= Calculating Euclidean Distance

The distance between sample r and sample k in
collectivity The distance between sample r and sample k
in collectivity can be marked as d,«, and dr. must meet
the following conditions: productivity can be marked as
drk, and d,, must meet the following conditions:

(1) drk >0 jika X; = Xi

(2) dirk = dkr v Xr, Xk

(3) drk < drj + dkj, \4 Xr, Xk,Xj

Then calculate the Euclidean distance

dre = {Zboa 204 [0y (O = X (2.2)

d- = distance between the r object and the k object
Xij = data from the k subject on the j variable

p = number ofcluster variables
t = time in the cluster variable
X;; = data from the r subject on the j variable

the results of the calculation of each distance that has
been calculated and then made a distance matrix

0
d21 0
d3; d3
[le dyz dyv-1 0]
d21 = distance between object 2 and object 1

ds» = distance between object 3 and object 2
dyv-; = distance between object N and object N-1

= Determine the Cluster Method
In this study the method used is the Ward method. The
steps of the Ward method are:

Step 1. Begin by looking at N clusters that have one
object per cluster (all objects are considered as clusters).
SSE will be zero for the first stage because each object
will form acluster.

Step 2. The first cluster is formed by selecting two of
the N clusters that have the smallest SSE value. This is
in line with its objective function, which is to minimize
heterogeneity. The SSE formula is:

Sy =Xt 25-;1 Yieio]Xij(®) — X_g(tj)]z (2.3)
X;j(t) = value for object i on cluster to j at time t
X~9(t;) = the average j index at t when all samples are

of type g
Step 3. cluster clusters then consider again to
determine two of these clusters that can minimize

heterogeneity. Then calculate the distance between
clusters by using

nytng nr

Dyt = ASpye = 78Sy + 705, — TS0 (24)
With

Srp = Dt=127-q Yier[Xij@® — X7 (tj)]z (2.5)
Srq = Xi=1 25-;1 Zieir[xij ®—xT (tj)]z (2.6)
Spq = Xle1 30y Sieur[Xy (©) = X2 (1)) (2.7)

Where
S, = SSE sample r and samplep
Srq = SSE sample r and sampleq
Spq = SSE sample p and sample g
ny, Ny, My = is the number of objects in the r, p and k

clusters.
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Step 4. Repeat steps 2 and 3, until one cluster or all
objects are joined together in one cluster.

= Total number of clusters

The main problem in cluster analysis is to determine

how many clusters. Actually there are no standard rules

to determine how many clusters, however there are
number of clues that can be used, namely:

a. Theoritical, conceptual, practical considerations,
might be suggested/suggested to determine how
many clusters actually exist. For example, if the
clustering objective is to identify/identify market
segments, management might want.

b. The relative size of the cluster should be useful

= Interpretation

The interpretation phase involves testing each cluster
formed to provide a name or description exactly as a
description of the nature of the cluster, explaining how
they are relevant in each dimension. When starting the
interpretation process the centroid of each cluster is used
on each variable. To interpret clusters involves a study of
centroids, namely the average value of objects contained
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Figure 1. Dendogram with Ward method

From Figure 1 it can be concluded that the members
of each cluster are

Table 1. Cluster Members.

No Cluster  Cluster Members
Cluster 1 Tasikmalaya district, Sukabumi district, Bandung
district, Cianjur district and Pangandaran district
Majalengka district, Sumedang district, indramayu
Cluster 2 d!str!ct, karawang dis‘_[ricf[, Bekasi district, Cigmi_s
district, Purwakarta district, Bandung barat district,
Cirebon district
Bandung city, Bogor city, Cirebon city, Sukabumi
Cluster 3 - . . P o
city, Tasikmalaya city, Ciamis city, Banjar city
Cluster 4 Bekasi city, Depok city, Subang city, kuningan

district, Bekasi district

Bogor
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in the cluster on each variable. The | centroid cluster is
calculated using the following formula:

Z?=1 Vi

V; "
Where V; is centroid on i cluster. y; is the i-object and n
is the number

RESULTS AND DISCUSSION

The data used in this study is the APK data of West Java
Province taken from the Indonesian Central Statistics
Agency in several publications on GER in West Java by
district / city. The data period used in this research is
2015-2018.

The results of grouping cities on GER data in West
Java in 2015-2018 are illustrated in the form of
dendograms. Dendograms are read from left to right
where vertical lines show clusters joined together
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After determining the number of clusters and their
members, the next step is cluster interpretation. To
interpret cluster profiles, it can be done by using the
average of each cluster on each variable (centroid). In
table 1 there is the first cluster consisting of Tasikmalaya
district, Sukabumi district, Bandung district, Cianjur
district and Pangandaran district. The centroid values for
each variable in the first cluster can be seen in table 2.



294

PROC. INTERNAT. CONF. SCI. ENGIN. 3: 291-296, April 2020

Table 2. Centroid Values for the First Cluster.

Kota SD SMP  SMA SD SMP SMA SD SMP SMA SD SMP SMA
Tasikmalaya 110,14 97,83 56,41 105,49 98,02 64,97 104,05 98,73 70,48 103,21 95,78 76,56
Sukabumi 109,92 96,07 54,59 106,27 96,10 64,24 10582 99,66 69,74 101,83 97,33 76,34
Bandung 107,08 9541 56,53 104,42 95,53 65,62 104,13 99,15 71,14 100,78 96,99 73,57
Cianjur 107,36 98,53 51,58 103,90 98,72 62,15 102,80 103,35 66,98 99,26 101,62 75,29
Pangandaran 101,10 99,37 51,71 97,94 99,37 62,61 9750 98,76 67,97 96,81 98,76 68,60
Total 535,60 487,21 270,82 518,02 487,74 319,59 514,30 499,65 346,31 501,89 490,48 370,36
Centroid 107,12 97,44 54,16 103,60 97,55 63,92 102,86 99,93 69,26 100,38 98,10 74,07

Based on the results of the centroid analysis above.
The first cluster consist of five regions GER for
Elementary school, junior and senior high school in the
cluster are below the average APK in West Java.

Next, recalculate the centroid value for the second
cluster in table 3 consisting of Majalengka district,

Table 3. Centroid Values for the Second Cluster.

Sumedang district, indramayu district, karawang district,
Bekasi district, Ciamis district, Purwakarta district,
Bandung barat district, Cirebon district. The centroid
values are as follows.

Kabupaten / 2015 2016 2017 2018
Kota SD SMP SMA SD SMP SMA SD SMP SMA SD SMP SMA
Majalengka 109,01 100,36 63,44 105,37 100,40 74,24 104,70 102,30 80,74 101,47 99,90 84,79
Sumedang 110,52 101,40 68,25 107,29 101,43 72,90 107,37 101,77 79,79 104,10 99,48 83,10
Indramayu 107,23 96,09 68,87 104,13 96,26 77,63 103,61 96,51 7850 101,48 94,33 78,25
Karawang 107,65 98,66 66,11 106,12 98,68 74,20 106,36 98,19 7758 103,51 96,60 76,28
Garut 109,48 95,78 61,19 105,81 96,03 69,37 104,50 96,86 7496 101,58 95,52 83,66
Ciamis 111,05 99,44 61,19 106,66 99,51 68,81 105,42 99,96 72,54 101,65 97,49 78,15
Purwakarta 107,44 101,39 59,96 104,65 101,50 70,60 104,94 102,64 72,13 102,12 102,07 77,71
Bandung Barat 101,98 98,81 57,72 99,49 98,89 69,88 99,71 101,11 76,83 96,59 99,58 81,82
Bogor 110,56 97,25 57,09 108,71 97,35 66,36 109,98 101,40 72,98 108,11 102,69 74,84
Cirebon 112,30 96,99 61,11 109,31 97,18 72,90 109,25 99,60 75,35 105,82 98,30 73,64
Total 1087,22 986,17 624,93 105754 987,23 716,89 1055,84 1000,34 761,40 1026,43 98596 792,24
Centroid 108,72 98,62 62,49 105,75 98,72 71,69 105,58 100,03 76,14 102,64 98,60 79,22

The second cluster consists of two regions, in contrast
to the first cluster GER for elementary schools in this
cluster according to the average GER in West Java but
for junior and senior high school GER below the average
GER in West Java.

Table 4. Centroid Values for the Third Cluster.

Next, recalculate the centroid value for the third
cluster in table 4 consisting of Bandung city, Bogor city,
Cirebon city, Sukabumi city, Tasikmalaya city, Ciamis
city, Banjar city. The centroid values are as follows.

2015 2016 2017 2018
Kabupaten/Kota =g gmp  SMA  SD SMP SMA  SD SMP SMA  SD SMP  SMA
Bandung city 10880 107,11 100,72 10681 10713 107,04 106,19 10480 109,66 10392 100,30 110,61
Bogor city 11210 10918 101,00 11003 109,28 10670 109,65 10548 110,89 10620 103,55 108,91
Sukabumi city 111,50 10832 100,94 11046 10834 117,84 109,87 10379 118,69 10509 102,32 109,92
Cirebon city 11039 10822 99,53 10754 10841 10507 106,82 10656 106,84 102,80 10525 106,06
Cimahi city 10691 101,19 91,79 10425 101,33 97,79 10556 9957 102,64 10254 9629 101,90
Tasikmalayacity ~ 10479 108,09 91,84 101,71 10809 10250 10158 108,75 111,40 9887 10581 110,48
Banjar city 10929 10159 8854 10669 101,64 9564 107,84 10333 10551 10462 102,15 10513
Total 76378 74370 67436 74749 74422 73258 74751 73228 76563 72404 71567 753,01
Centroid 10911 10624 9634 10678 106,32 10465 106,79 10461 109,38 10343 102,24 107,57
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The third cluster consists of seven regions, the GER
for elementary, junior and senior high schools in this
cluster is above the average GER in West Java.

Next, recalculate the centroid value for the third
cluster in table 5 consisting of Bekasi city, Depok city,

Table 5. Centroid Values for the Fourth Cluster.
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Subang city, kuningan district, Bekasi district. The
centroid values are as follows

Kabupaten / 2015 2016 2017 2018

Kota SD SMP  SMA SD SMP  SMA SD SMP  SMA SD SMP  SMA
Bekasicity ~ 110,61 109,92 8445 109,28 110,11 91,01 110,19 10454 92,57 10574 102,25 9149
Depok city 104,60 109,00 81,75 10466 109,12 93,01 10646 104,98 9490 10344 10089 96,35
Subang 109,32 109,87 74,47 106,05 110,19 86,66 10523 10501 92,17 101,63 103,78 97,43
Kuningan 10943 9950 79,31 10641 9955 8596 10598 101,57 9253 102,78 9886 92,25
Bekasi 108,44 9660 73,13 107,06 96,76 82,40 109,05 97,48 86,72 10679 9693 87,26
Total 542,40 524,89 393,11 53346 52573 439,04 53691 51358 458,89 520,38 502,71 464,78
Centroid 108,48 104,98 78,62 106,69 10515 87,81 107,38 102,72 91,78 104,08 100,54 92,96

The Fourth cluster consists of five regions, the GER
for elementary and junior high schools in this area is
above the average GER in West Java.

CONCLUSION

The case study results show that the grouping of
education GER data in West Java in 2015-2018 using the
Ward method produced four clusters. In cluster one
consists of Tasikmalaya district, Sukabumi district,
Bandung district, Cianjur district and Pangandaran
district. On cluster two consisting Majalengka district,
Sumedang district, indramayu district, karawang district,
Bekasi district, Ciamis district, Purwakarta district,
Bandung barat district, Cirebon district. Cluster three
consists of Bandung city, Bogor city, Cirebon city,
Sukabumi city, Tasikmalaya city, Ciamis city, Banjar
city. Cluster four of Bekasi city, Depok city, Subang
city, kuningan district, Bekasi district Of all the clusters
that have good gross participation rates is the third
cluster because this cluster consists has a gross
participation rate above the average GER in West Java.
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