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Abstract

The research aims to have clusters of accredited statuses of early childhood
education (ECE) and non-formal education (NFE) institutions in Yogyakarta
Special Province in Indonesia, which are created by unsupervised possibilistic
fuzzy c-means (UPFC) and to organize the institutions into the clusters created.
The Board of National Accreditation for ECE and NFE determined four
accredited statuses of A, B, C, and TT. The research employs a method of
machine learning, especially UPFC. The dataset is a data of accreditation 2022
from the Board of National Accreditation for ECE and NFE of Yogyakarta
Special Province. The data consists of 760 institutions composed of 749
(98.55%) ECE institutions and 11 (1.45%) NFE institutions. The analysis of
UPFC created two clusters of accredited statuses of the institutions, thar are
Accredited A that consists 437 (57.5%) institutions and Accredited B consisting
of 323 (42.5%) institutions. The names of the clusters have political impact.
Keywords: UPFC, accredited status, early childhood education, non-formal
education

Introduction

There are four accredited statuses of early childhood education (ECE)
and non-formal education (NFE) in Indonesia. They are A (>850), B (700—
850), C (551—700) and unaccredited (TT, <550) (Table 1) that are decided by
the Board of National Accreditation for ECE and NFE (BAN PAUD dan PNF
2019). These are manually clustered before empirical data are collected, not by
machine after collecting data.

Researches on accreditation of ECE focus on three topics and do not
discuss clustering ECE accredited statuses. Three topics are (1) evaluation of
Ece accreditation and quality assurance (Tout 2013), (Karoly 2014), (Cannon
dkk. 2017), (2) validation of accreditation (Elicker dan Ruprecht 2019), and (3)

experimentation of alternative accreditation systems (Elicker dan Ruprecht
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2019). In Indonesia, there is no research on clustering ECE accredited statuses
by machine learning (Fithri dan Anggraini 2018; Liana dan Sjamsir 2023;
Nugroho dkk. 2024; Oktaria dkk. 2019:2023, 2019; Prihantoro 2025;
Prihantoro dan Setiawati 2023; Rukhiyah 2020; Sari 2019).

Table 1

Scores and Accredited Statuses of ECE and NFE in Indonesia
Accredited statuses | A B C TT
Score >850 | 701—850 | 551—700 | <551

Based on the scores and accredited statuses, ECE and NFE institusions
in 34 provinces in Indonesia including Yogyakarta Special Province are
accredited and clustered into 4 statuses. In Yogyakarta Special Province in 2022
there are 760 institutions of ECE and NFE accredited and clustered into A, B,
C,and TT (Table 2) (BAN PAUD dan PNF Provinsi DIY 2022). Twu hundred
and seventy one (35.66%) institutions are accredited A, 224 (29.47%) B, 262
(34.47%) C, and 3 (0.40%) TT. Then two institutions accredited TT went to
appeal and their appeal was agreed by the Board of National Accreditation for
ECE and NFE and their statuses became C. But the research employed the
earlier data before the two institutions went to appeal because the researchers
do not get the scores after appealing.

Table 2
Accredited Statuses of ECE and NFE Institutions in Yogyakarta Special
Province, Indonesia in 2022

Accredited Statuses A B C TT Total
Number of Institutions 271 224 262 3 760
Percentage 35.66% | 29.47% | 34.47% | 0.40% | 100%

The manually clustering of the 760 ECE and NFE institutions in
Yogyakarta Special Province in 2022 into 4 accredited statuses is going to be
tested by machine learning, that is unsupervised possibilistic fuzzy C-means
(UPFC). Therefore, two research questions are (1) How many clusters of
accredited statuses of ECE and NFE institutions in Yogyakarta Special
Province in 2022 are created by UPFC? and (2) How many ECE and NFE
institutions of 760 ones in Yogyakarta Special Province in 2022 are organized

into the clusters created?

Methods

The research employs a method of machine learning, especially UPFC.
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Machine learning is employed to analyze data in descriptive and predictive
ways (Yagcir 2022). The characteristics of machine learning are proper to
achieve the objectives of the research, that are to have clusters which are created
by UPFC and to organize ECE and NFE institutions of 760 ones in Yogyakarta
Special Province in 2022 into the clusters created.

The dataset 1s a data of accreditation 2022 from the Board of National
Accreditation for ECE and NFE of Yogyakarta Special Province. The data
consists of 760 institutions composed of 749 (98.55%) ECE institutions and 11
(1.45%) NFE institutions in Yogyakarta Special Province.

The data have four measures or indicators, that are (1) document
assessment, (2) & (3) individual field assessments by two assessors, and (4)
group field assessment. Document assessment (DA) is done by an assessor to
score document requirement of ECE and NFE institutions to be assessed in
their empirical condition. Minimum score of document assessment to be able
to be assessed in ECE and NFE empirical condition is 600. The second and
third measures are individual field assessments by two assessors. The two
assessors visit an ECE/NFE institution to analyze and then score individually
its empirical condition (Visit A/VA and Visit B/VB). After scoring it
individually, they score it in group by discussing (Visit in G/VG). These are
four measures of the data to analyze with UPFC.

UPFC is one of clustering techniques to arrange data. UPFC is to arrange
a dataset into ¢ subsets based on similarities among the individual data items
(MCA dan Baruah 2013). Initiallyy, UPFC minimizes distance between

prototype c¢ (v;) and feature vector n (x;) in feature space RP (Formula 1).
Juprc(X; U, V) = Xioy Doy (auff + bt )d? (x, v;) + nzL\/E f1 Xz (th logty), — t1)
(6]

In Formula (1), u;; and t;, are fuzzy membership value and possibility of
feature vector k" (x,) against cluster i*" consecutively. Objective function of
UPFC has rules in Formula (2).

Yiciu =1L,Vk0<up <La>0b>0m>1n>1
(2)

In PCA, parameter m is fuzziness exponent while parameter 7 is typicality
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exponent. Both exponents are usually two things. But in objective function in
Formula (1), parameters a and b are weight coefficients to determine
relativeness of fuzziness and typicality. Both coefficients are generally one
thing. To minimize Jyppc, Unique representativeness degree and membership

degree u;;, are recalculated in each iteration step with Formula (3) and Formula

4.

2/(m-1)\ "
_ c d(xk,vi) .
ulk - < j=1 (d(xk,v]-)) > Vli k

(3)
tix = exp (—bm/gg(xk’vi)> Vi
4)

As seen in Formula (4), typicality degree is a possibilistic degree
indicating membership degree of a data point to its cluster. Value g is a distance

variance Formula (5).
1 R 1
B =2y d2 (0, D)% =~ hey X
®)
Formula (6) is used to renew cluster center in each iteration. UPFC

algorithm stops when it accomplishes a determined convergence point.

Zfﬂ(au{ﬁ+bt?k)xk .
V=S Vi
Yi=q(au+bty,)

(6)
UPFC in the research is analyzed with R package “ppclust” (Cebeci

2020). First, it initializes to construct matrix of earlier cluster prototype and
matrix of fuzzy membership degree. The initialization is done by determining
number of cluster (centers) in integer. Value of the centers is determined based
on optimal number of cluster with 5 multiple starts to find the best solution.
The best solution is made sure by calculating index of cluster internal validity.
There are four indices of cluster internal validity, namely fuzzy silhouette (SI),
partitiony entropy (PE), partition coefficient (PC), modified partition coefficient
(MPC) and Xie-Beni (XB) (Cebeci 2020).

352 Jurnal Nuansa Akademik: Jurnal Pembangunan Masyarakat Vol. 10 No. 2, December 2025



(lustering ECE and NFE Aceredited Statuses with
Unsupervised Possibilistic Fuzzy (-Means

Result And Discussion

At first, the data was analyzed in descriptive statistic way and then was
correlated among the 4 indicators. The result of the analysis is showed in Table
3 indicating that values of skewness and kurtosis of all indicators range between
-2 to + 2 and this is accepted (Demir 2022). It means that the data is normally
distributed. Meanwhile Table 4 shows that correlation coefficients of three
indicators (VA and DA, VB and DA, VG and DA) are <0.5 and their other
threes (VB and VA, VG and VA, VG and VB) are >0.5. There is
multicollinearity, but the problem is solved by UPFC (Bezdek, Ehrlich, dan
Full 1984) (Wu dkk. 2010).

Table 3
Descriptive statistic of accreditation of ECE and NFE institutions in
Yogyakarta Special Province, Indonesia in 2022

Variabel M SD Min Max Skewness | Kurtosis

DA 748.65 67.89 605 938 0.00 -0.66

VA 730.91 77.86 529 929 -0.02 -0.25

VB 727.20 78.55 541 970 0.02 -0.30

VG 732.76 77.16 538 953 0.00 -0.29
Table 4

Correlation among indicators of accreditation of ECE and NFE institutions in
Yogyakarta Special Province, Indonesia in 2022

Variabel DA VA VB VG
DA 1.00

VA 0.29 1.00

VB 0.28 0.96 1.00

VG 0.30 0.98 0.97 1.00

Afterward, it analyzed the data to create optimally clusters of accredited
statuses of ECE and NFE institutions in Yogyakarta Special Province in 2022.
To do so 1s made sure by calculating index of cluster internal validity. There are
four indices of cluster internal validity, namely fuzzy silhouette (SI), partitiony
entropy (PE), partition coefficient (PC), modified partition coefficient (MPC)
and Xie-Beni (XB). Table 5 shows that the highest SI index, the lowest PE
index, and the highest PC index are in the 3 clusters and that the highest MPC
index and the highest XB index are in 5 clusters. Therefore, the optimum
number of cluster is 2 clusters.

Later, it analyzed the data in 5 multiple starts to decide final number of

cluster. The analysis shows that the first cluster (Profile-1) is categorized in low

Jurnal Nuansa Akademik: Jurnal Pembangunan Masyarakat Vol. 10 No. 2, December 2025 393



A. Prihantoro; Kartianom; BG Atymlaevna

cluster (accredited statuses < average = 0) and that the second cluster (Profile-
2) is categorized in high cluster (accredited statuses > average = 0) (Figure 1).
These two clusters explain 98.38% data (Figure 2). Profile-1 is named with
Accredited B and Profile-2 is Accredited A.

Table 5
Result of cluster internal validity

Fuzzy Partitiony Partition Modified Kie-

n . . Partition Beni
Cluster Silhouette Entropy Coefficient Coefficient (XB)

Index (SI) (PE) (PO (MPC)

2 0.68 0.00 0.48 0.05 0.11

3 0.60 0.44 0.45 0.32 0.19

4 0.58 0.92 0.44 0.43 0.33

5 0.56 1.34 0.43 0.48 0.34

Figure 1.

Final clusters based on the best solution

Analysis of profile membership of ECE and NFE institutions in
Yogyakarta Special Province in 2022 indicates that the 437 (57.5%) institutions
are members of Profile-2 or Accredited A and the 323 (42.5%) institutions are
members of Profile-1 or Accredited B. Figure 3 presents the profile membership
of the institutions.

The result of UPFC analysis tell us that the optimum number of clusters
1s two clusters of accredited statuses. The result is different from what the Board
of National Accreditation for ECE and NFE manually decided accredited
statuses into four. UPFC offers the optimum number of clusters of accredited

statuses as an alternative to decide the institutions’ accredited statuses.
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The names of the clusters have political impact in Indonesia. The names
are Accredited A and Accredited B, not Accredited and Unaccredited, because
of Minister of Education, Culture, Research and Technology Regulation
Number 38 of 2023. The regulation (Article 14) recommends District of
Province Offices of Education to close or merge ECE and NFE institutions,
whose second accredited status is Unaccredited. The regulation (Article 8) says
the ECE and NFE institutions having been built in minimum two years are
obliged to be accredited. If the institutions get Unaccredited status, they have
two years to be accredited again. If their second accredited status is still
Unaccredited, they are recommended to be merged or closed. Therefore, the
names of the two clusters are not Accredited and Unaccredited, but Accredited
A and Accredited B.

If the names of the clusters are Accredited and Unaccredited, according
to the Regulation Number 38 of 2023, there will be many ECE and NFE
institutions that should be closed or merged. Closing or merging many ECE
and NFE institutions has problems. Finally, the names of the clusters are
Accredited A and Accredited B, not Accredited and Unaccredited, because the
names have political impact.

Figure 2.
Explanation of the data diversity

UPFC Plot

Component 2
0

Component 1
These two components explan 98 38 % of he port vanabty
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The political impact of result of UPFC is not discussed by other
researchers of machine learning primarily UPFC. They discus comparison of
machine learning techniques (Hogo 2010) and detail of machine learning
techniques (Goel dan Tushir 2020) (Cebeci 2020) (Demir 2022). They do not

talk about the political impact that is the novelty of the research.

Conclusion

UPFC created two clusters of accredited statuses of ECE and NFE
institutions in Yogyakarta Special Province in 2022. The clusters of accredited
statuses are Accredited A that consists 437 (57.5%) institutions and Accredited
B consisting of 323 (42.5%) institutions. The number of clusters (2) is different
from the number (4) decided by the Board of National Accreditation for ECE
and NFE. The names of two clusters have political impact in Indonesia context
because Minister of Education, Culture, Research and Technology Regulation
Number 38 of 2023 (Article 14) recommends District of Province Offices of
Education to close or merge ECE and NFE institutions, whose second
accredited status is Unaccredited. If the names are Accredited and
Unaccredited, 323 ECE and NFE institutions in Yogyakarta Special Province
may be merged or closed.

The limitation of the research is incomplete data analyzed. The data has
four indicators but does not have variables of accreditation of ECE and NFE
institutions. If the data is complete, UPFC will give more information of

clustering ECE and NFE institutions.
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