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A. INTRODUCTION

Micro, Small, and Medium Enterprises (MSMEs) play a central role in Indonesia’s economic development. In addition to being
the backbone of national economic growth, MSME also contributes greatly to job creation and play a role in achieving sustainable de-
velopment goals (SDGs) (Putra & Hartomo, 2021; Suci, 2017). The Indonesian government has paid serious attention to empowering
this sector as a strategic step to improve people’s welfare (Kaswinata et al., 2023).

The rapid development of information technology opens up new opportunities in analyzing and managing MSME data more
efficiently and accurately (Prabowo et al., 2023). One technology that has great potential in this regard is data mining. This tech-
nology allows the extraction of useful information from large amounts of data, which can ultimately be used as a basis for strategic
decision-making (Suntoro, 2019). In the context of MSMEs, data mining can be applied to solve various business problems, such as
determining marketing strategies and allocating business capital assistance (Astuti et al., 2019).
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Of the various techniques in data mining, the clustering method, or data grouping, is very relevant (Suntoro, 2019). One effective
algorithm for this purpose is Agglomerative Hierarchical Clustering (AHC). AHC is a grouping method that combines data based on
similar characteristics to form a cluster hierarchy (Pratikto & Damastuti, 2021; Roux, 2015; Salsabila & Hendrawan, 2021). This
approach can be used to identify MSME segmentation based on important attributes such as business capital, sales results, number of
workers, profits, and marketing strategies (Utari & Dewi, 2014).

The implementation of this method is very important, especially for local governments such as Kediri City, which has recorded a
significant increase in the number of MSMEs. By the end of 2023, there were around 5,400 MSME:s fostered by the city government
spread across various sectors, including culinary, agribusiness, fashion, and crafts (Karem et al., 2024). Even so, there are significant
challenges related to grouping and assessing the effectiveness of capital assistance (Huriah & Dienwati Nuris, 2023). The assistance
that has been provided evenly does not take into account the specific characteristics of each MSME, so it is feared that it will be less
than optimal in supporting business development (Jelita et al., 2023; Wanto et al., 2020). However, previous studies have primarily
focused on clustering techniques without integrating dimensionality reduction methods such as Principal Component Analysis (PCA),
and have rarely linked clustering results to the evaluation of government assistance effectiveness.

This study focuses on two main things, namely how the general condition of MSME in Kediri City is seen from aspects such
as business capital, sales results, human resources, profits, and marketing, and how the right classification of MSME can be used
to formulate a strategy for distributing business capital assistance from the government more effectively and in accordance with the
needs of each business actor. Therefore, this study aims to group MSMEs based on key attributes to formulate a more targeted capital
assistance distribution strategy. With this approach, the government aims to allocate resources more effectively and efficiently, thereby
encouraging the growth and sustainability of the MSME sector. This aligns with the vision of equitable and sustainable economic
development.

B. RESEARCH METHOD

This study uses primary data obtained directly from MSME actors fostered by the Cooperatives and MSME Service of Kediri
City. Data collection was conducted by distributing questionnaires via Google Forms. The instrument comprised structured questions
with categorical response options, allowing respondents to select predefined answer categories. The collected data primarily consisted
of categorical variables, along with respondents’ demographic and business identity information to support descriptive and inferential
analysis. This was done to reach MSME actors across various locations in Kediri City more efficiently, as the MSME population in
Kediri City is around 9,000 units. A simple random sampling technique is used to ensure that each element of the population has an
equal chance of being selected into the sample. To determine the number of representative samples, the Issac and Michael formula is
used with a 10% error rate. The formula used can be seen in Equation (1).
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n denotes the number of samples or respondents. The term A2 represents the Chi-Square table value (with degrees of freedom equal
to 1 and an error rate of 10%). Furthermore, N refers to the total population size. The parameter P indicates the true probability,
set at 0.5, while () represents the false probability, also set at 0.5. Lastly, d denotes the difference between the sample mean and the
population mean, with a value of 0.05.

Based on the formula, the minimum sample size required is 266. In its implementation, the data collected from 274 respondents
were used in the analysis of this study. This study uses eight main variables to classify MSMEs, namely: business capital, sales results,
profits, number of human resources (HR), marketing strategy, capital assistance status, type of business, and place of business. Each
variable is categorized, such as capital and income in a certain nominal range, number of workers, marketing methods (offline, online,
or mixed), status of receiving assistance (already or not), type of business (production or sales), and ownership of the place of business
(privately owned or rented) (Zahrotun et al., 2023).

This study uses a quantitative approach with structured data analysis stages to produce an accurate classification of MSMEs.
The initial stage begins with the preparation of a research instrument in the form of a questionnaire, which is compiled based on
predetermined variables and tested through literature studies. Before being distributed to the respondents, the questionnaire was
tested for validity and reliability. Validity testing was conducted to ensure that each item accurately measured the intended con-
struct. Item validity was examined using correlation analysis between item scores and total construct scores. Items with correlation
coefficients exceeding the acceptable threshold were considered valid. Furthermore, reliability testing was conducted to assess the in-
strument’s internal consistency using Cronbach’s alpha. A construct was considered reliable if the Cronbach’s Alpha value exceeded
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the minimum acceptable level of 0.70.

Furthermore, a descriptive statistical analysis is conducted to provide a general overview of MSME characteristics in Kediri
City. For the research variables measured as categorical data, descriptive statistics included the mean, minimum, and maximum.
The mean indicated the central tendency of respondents’ responses, while the standard deviation reflected the data’s variability
or dispersion. After that, a Pearson correlation test is carried out to determine the relationship between variables, and if there
is a significant correlation, it is continued with Principal Component Analysis (PCA) to reduce the number of variables without
eliminating important information (Dewi & Ahadiyah, 2022; Mariana, 2013; Saragli et al., 2013). Principal Component Analysis
(PCA) was employed in this study to reduce the dataset’s dimensionality and identify the underlying structure among the observed
variables. PCA is a multivariate statistical technique that transforms a set of correlated variables into a smaller number of uncorrelated
components called principal components. These components are linear combinations of the original variables, extracted so that the
first component explains the maximum possible variance, followed by subsequent components. The next stage is calculating the
distance between objects using the Euclidean formula to determine the level of data similarity between MSMEs. Equation (2) is the
Euclidean distance formula used in this study (Maulidia & Wulandari, 2022).

d(z,y) = (i — yji)” ()

p

=
—

d (x,y) represents the Euclidean distance between observation ¢ and observation j. The term x;;; denotes the value of the k-th variable
for observation 4, while y;;, indicates the value of the k-th variable for observation j. Furthermore, p refers to the total number of
variables or dimensions.

Agglomerative Hierarchical Clustering (AHC) is a hierarchical clustering technique that groups observations based on their
similarity. The method follows a bottom-up approach, where each observation initially forms its own cluster. At each step, the two
closest clusters are merged using a defined distance measure, such as the Euclidean distance, until all observations are combined into
a single cluster. The clustering process is typically illustrated using a dendrogram, which visually represents the hierarchy of cluster
formation and helps determine the optimal number of clusters. In this study, AHC was applied to identify homogeneous groups of
respondents based on the selected variables, thereby enabling a clearer understanding of patterns within the dataset. Data grouping
was done using the Agglomerative Hierarchical Clustering (AHC) method, with linkage approaches such as single, complete, average,
and ward linkage (Mu’afa & Ulinnuha, 2019; Murtagh & Contreras, 2012). In this research, a complete linkage was used. The best
approach was selected based on the highest cophenetic coefficient value. The formula for calculating the cophenetic correlation
coefficient is displayed in Equation (3) (Saragli et al., 2013).
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rcoph denotes the cophenetic correlation coefficient. The term d;, represents the Euclidean distance between objects 4 and k, while d

indicates the average of d;;,. Furthermore, d,., refers to the cophenetic distance between objects 7 and k, and dc denotes the average

Cik
of dc;g.

To determine the optimal number of clusters, the Silhouette Coefficient value is used so that the resulting grouping structure is
more representative (Mustika et al., 2021; Ningsih et al., 2016). The Silhouette Coefficient evaluates clustering quality by measuring
how well each observation fits within its assigned cluster relative to other clusters. The coefficient ranges from -1 to 1, where values
close to 1 indicate that observations are well matched to their own cluster and poorly matched to neighboring clusters. Values around
0 suggest overlapping clusters, while negative values indicate potential misclassification. Finally, an interpretation of the grouping
results is provided, offering relevant strategic recommendations to the government on capital assistance and promotional strategies

tailored to the characteristics of each MSME group.

C. RESULT AND DISCUSSION
1. Descriptive Analysis
The results of the descriptive analysis show that MSME:s fostered by the Kediri City Cooperative and MSME Service are
generally micro-scale businesses with relatively limited initial capital, ranging from 5 to 10 million rupiah. However, these
businesses can generate an average monthly turnover of 2 to 3 million rupiah. The majority of these MSMEs are managed by
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less than two people, so they are very personal. Interestingly, even though the capital and scale of the business are limited, the
profits are quite encouraging, around 2 to 3 million rupiah per month. This indicates that business actors are highly adaptable and
innovative in managing their businesses. In terms of marketing, MSMEs in Kediri City have begun to utilize digital technology.
However, most business actors have not received government capital assistance. Government support in the form of wider access
to capital is still very much needed to encourage more significant business growth. This finding is in line with previous studies,
which state that MSMEs often face limitations in access to capital and rely on internal capabilities to sustain their business (Utari
& Dewi, 2014; Wanto et al., 2020).

2. Agglomerative Hierarchical Clustering (AHC)

a. Correlation Test

A correlation test is one of the statistical tools used to measure the strength and direction of the relationship between
two numeric variables (Bouguettaya et al., 2015). In other words, this test helps us understand how closely two variables are
related. The initial step before conducting cluster analysis is to run a multicollinearity test, as the variables used in this study
are quite numerous. The test for multicollinearity between variables involves examining the correlations among all research
variables. The results of the correlation test are shown in the Pearson correlation value. The results of the Matrix Correlation
Test can be seen in Table 1.

Table 1. Results of the Matrix Correlation Test of Research Variables

Variable Turnover HR Profit Marketing Capital Assistance  Business  Place
Capital 0.000  0.000  0.000 0.059 0.466 0.026  0.000
Turnover 0.000  0.000 0.450 0.416 0.876  0.000
HR 0.000 0.000 0911 0.726  0.001
Profit 0.399 0.313 0.847  0.000
Marketing 0.291 0.043  0.665
Capital Assistance 0.000 0.018
Business 0.716

b. Principal Component Analysis
The Kaiser-Meyer-Olkin (KMO) Test and the Bartlett Test are two very important statistical tests in conducting principal
component analysis (PCA). Both of these tests are used to determine whether the data we have is suitable for factor analysis or
principal components analysis. Before conducting Principal Component Analysis, a test needs to be conducted to determine
the adequacy of the data, namely the Kaiser Meyer Olkin (KMO) value, which aims to determine whether all the data taken is
sufficient to be factored, and the Bartlett’s sphericity assumption test is carried out to determine whether there is a relationship
between variables.

Table 2. Kaiser-Mayer Olkin (KMO) Test

Test Value
Kaiser—-Meyer—Olkin Measure of Sampling Adequacy 0.688
Bartlett’s Test of Sphericity — Approx. Chi-Square 412.537
Bartlett’s Test of Sphericity — df 28
Bartlett’s Test of Sphericity — Sig. .000

Based on Table 2, the KMO value is 0.688. If KMO> 0.5, then it can be said that the analyzed data has met the
assumption of data sufficiency (Hill, 2012). The next test is Bartlett’s test, which tests the null hypothesis that the population
correlation matrix is the identity matrix, i.e., there is no correlation between variables. The following is the Bartlett test on
MSME data.

Table 3. Bartlett Spherecity Test

Chi-Square  p-value
Bartlett Spherecity ~ 514.89 22x 10716

Based on Table 3, the Chi-Square value of 514.89 with a significance level of 5% yields a p-value of 2.2 x 10~ 1C. If the
p-value is less than 5%, then it can be concluded that there is a correlation between variables in the data of MSMEs fostered
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by the Cooperatives and MSME Service in Kediri City. After examining the assumptions of principal component analysis, a
factor analysis is performed to determine the new factors. The following is a reference used to construct a factor analysis for
the table below.

Table 4. Eigen Value

Value Component
1 2 3 4 . 8
Eigen Value 1.631  1.137 1.072 0937 0.447
% of Variances  0.332  0.161 0.144  0.109 0.025
Comulative % 0332 0494 0.640 0.747 1

Based on Table 4, it can be seen that when the eigenvalue is greater than 1, the component has many factors that will
later form. namely the 3rd component. This means that in this study. from the ten variables used. It will be simplified into 3
factors. with a total variance of 64%. The new factors formed are free from correlation and will then be subjected to cluster
analysis (Santoso, 2018). The results of the principal component analysis are principal component scores, calculated using
the principal component equation. and will then be used as input to replace the original variables. The following are the
results of the correlation after the Principal component analysis is shown in the table below.

Table 5. Principal Component Score Correlation Test

Variable Turnover HR Profit Marketing Capital Assistance  Business  Place
Capital 0.390 0.090 0.451 0.335 0.560 0.574  0.629
Turnover 0.642 00913 0.971 0.954 0.763  0.760
HR 0.920 0.579 0.972 0.730  0.692
Profit 0.924 0.930 0.844  0.970
Marketing 0.626 0.186  0.778
Capital Assistance 0.969  0.601
Business 0.774

Based on Table 5, it can be seen that with the principal component analysis. The data will be transformed so that the variables
that initially show high correlation become less correlated. This is in accordance with the assumption in cluster analysis. that
the variables are mutually independent.

c. Cluster Analysis

Cluster analysis in this study is used to group MSME actors fostered by the Cooperatives and MSME Service of Kediri
City based on indicators derived from factor analysis. Grouping is based on Euclidean distance, with cluster formation using
the Single Linkage algorithm, which produces the highest chopenetic correlation. Complete Linkage. Average Linkage,
Ward Linkage, Centroid Linkage, Median Linkage (Asiska et al., 2019). The results of several cluster algorithms that have
been mentioned can be seen in Table 6.

Table 6. Chopenetic Correlation Coefficient Value

Method Chopenetic Correlation
Single Linkage 0.260
Complete Linkage 0.733
Average Linkage 0.623
Ward Linkage 0.509
Centroid Linkage 0.454
Median Linkage 0.381

Based on Table 6, the highest chopenetic correlation value is 0.733 for the Complete Linkage algorithm, so it is used in
this study. This result is consistent with previous studies that show complete linkage often produces better cluster structures
in hierarchical clustering (Asiska et al., 2019). After the optimal algorithm in cluster analysis is known. The next step
is to determine the optimal number of clusters based on internal validation. The following is the result of internal cluster
validation, as measured by the silhouette coefficient.
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Table 7. Silhouette Coefficient Value

Number of Cluster
3 4 5 6
Silhouette  0.2845  0.2489  0.2198  0.1989

Value

The silhouette coefficient value ranges from -1 to 1. A value close to 1 indicates that the object is very well-suited to
its cluster and very dissimilar to other clusters. This means that the grouping is very good. In Table 7, it can be seen that
the grouping is of 3 to 6 clusters. The largest silhouette value that approaches 1 is in 3 clusters. So that in the grouping of
MSMEs fostered by the Cooperatives and MSME Service of Kediri City, based on several indicators. They are grouped into

F

Figure 1. Dendogram Analysis of Complete Linkage Agglomerative Clustering

3 clusters.

Height

Based on Figure 1, the grouping of MSMEs fostered by the Cooperatives and MSME Service of Kediri City consists of
3 clusters. In the dendogam formed. The members of each cluster can also be seen. where the cluster marked in red has 29
members. The cluster marked in blue has 106 members, and the cluster marked in yellow has 139 members. The following
is a profile table of the members in each cluster, as shown in the table below.

Table 8. Profile of Each Cluster

Variable Red Cluster Blue Cluster Yellow Cluster
Capital 5-10 million 5-10 million < 5 million
Turnover > 3 million > 3 million 2-3 million
HR > 2 million > 2 million 1-2 million
Profit > 5 people 2-5 people < 2 people
Marketing Digital Mixed Mixed
Capital Assistance  Already Received  Already Received Not Yet Received
Business Production Sales Production
Place Rent Private Ownership ~ Private Ownership

Based on Table 8, the results of the grouping of MSMEs fostered by the Kediri City Cooperative and MSME Service
show some information. Among them are in the first cluster with a red line, with a total of 29 MSME actors with an average
capital of 5-10 million rupiah. a monthly turnover of more than 3 million rupiah. a monthly profit of more than 2 million
rupiah. A number of employees exceeding 5, with a digital marketing method, have received capital assistance from the
government. type of production business. and a place of business rented.

In the second cluster, in blue, are 106 MSME actors with an average capital of 5-10 million rupiah. a monthly turnover
of more than 3 million rupiah. a monthly profit of more than 2 million rupiah. a number of employees ranging from 2 to
5. With a mixed marketing approach, they have received government capital assistance. type of production business. and a
privately owned place of business.
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In the cluster with the most members. namely, the yellow cluster, comprising 139 MSME actors with an average capital
of less than 5 million rupiah. a monthly turnover of 2-3 million rupiah. a profit of 1-2 million rupiah. The number of
employees is less than 2. The marketing approach is a mix of traditional and digital. has never received government capital
assistance for a production business with privately owned business premises. This finding is consistent with previous studies,
which indicate that MSMEs with lower economic capacity tend to have limited access to external funding and government
support (Astuti et al., 2019; Wanto et al., 2020).

D. CONCLUSION AND SUGGESTION

In the grouping of MSME:s fostered by the Kediri City Cooperative and MSME Service, based on several indicators measured
from business capital. turnover. profit. HR. marketing methods. government capital assistance. type of business. and place of
business using the Agglomerative Hierarchical Clustering method. It was found that the optimal algorithm used was the complete
linkage algorithm. with a cophenetic correlation value obtained of 0.733. Based on cluster validation. Both internal through silhouette
values based on the characteristics of MSME actors. The number of representative clusters is 3. In each group, the number of members
differs. The first cluster consists of 29 MSME actors. The second cluster of 106 MSME actors. and the third cluster, 139 MSME
actors.

The analysis shows a significant gap between the third cluster and the other two clusters. With a total of 139 members of
micro-scale MSME actors. This cluster has an average capital. turnover. and profit that is much lower than the other two clusters.
An interesting finding is that the third cluster has not yet received access to government assistance programs. Based on the results of
this study. It can be concluded that government capital assistance has not been fully distributed and has not been optimal in achieving
the goal of increasing MSME competitiveness. It could be that one of the main causes of this problem is the lack of an effective
mechanism for identifying and targeting MSMEs that really need assistance.
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