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Abstract

Social assistance distribution requires accurate data management to ensure that assistance reaches eligible beneficiaries. The Binjai City
Social Agency manages the National Socio-Economic Single Data (DTSEN), which contains socio-economic information but is primarily
used for administrative purposes. This study aims to apply the K-Means clustering algorithm to identify patterns among social assistance
recipients based on the National Decile, Family Hope Program (PKH) recipient status, and Basic Food Assistance recipient status. The
research employed the Knowledge Discovery in Databases (KDD) methodology, consisting of Data Selection, Data Preprocessing,
Transformation, Data Mining, and Evaluation. A total of 847 DTSEN records were analyzed using MATLAB, while the optimal number
of clusters was determined using the Elbow Method. The results indicated that the optimal number of clusters was three, representing
recipient groups with different socio-economic characteristics based on National Decile and social assistance status. The clustering results
provide useful information for understanding recipient characteristics and can support the Binjai City Social Agency in managing social
assistance data more effectively.
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1. Introduction

Social assistance is a government program aimed at helping low-income communities meet their basic needs. In Indonesia, the National
Socio-Economic Single Data (DTSEN) serves as the primary database for implementing social assistance programs. However, the data are
mainly used for administrative purposes, while their potential to identify patterns among social assistance recipients has not been fully
utilized. Data mining techniques, particularly clustering, can be applied to discover hidden patterns within large datasets. The K-Means
algorithm is widely used because of its simplicity and effectiveness in grouping data with similar characteristics. Previous studies have
shown that K-Means performs well in clustering socio-economic and social assistance data. However, the application of K-Means using
DTSEN data with the variables of National Decile, Family Hope Program (PKH) recipient status, and Basic Food Assistance recipient
status remains limited. Therefore, this study applies the K-Means algorithm to cluster social assistance recipients using DTSEN data from
the Binjai City Social Agency. The clustering process follows the Knowledge Discovery in Databases (KDD) methodology, while the
Elbow Method is used to determine the optimal number of clusters. The results are expected to provide useful information for understanding
recipient characteristics and to support more effective social assistance data management.

2. Research Methods

This study employs the Knowledge Discovery in Databases (KDD) methodology to analyze social assistance recipient data from the Binjai
City Social Agency. The KDD process consists of five stages: Data Selection, Data Preprocessing, Transformation, Data Mining, and
Evaluation.
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2.1. Systems Analysis

The Binjai City Social Agency manages the National Socio-Economic Single Data (DTSEN), which contains socio-economic information
used for social assistance administration. However, the data have not been optimally utilized to identify patterns among social assistance
recipients. Therefore, this study applies the K-Means clustering algorithm to group recipients based on the National Decile, Family Hope
Program (PKH) recipient status, and Basic Food Assistance recipient status. The clustering results are expected to support more effective
social assistance data management and decision-making.

2.2. Social Assistance
Social assistance is a government program aimed at helping low-income households meet their basic needs and improve their welfare. In
this study, two social assistance programs are used as clustering variables, namely the Family Hope Program (PKH) and Basic Food

Assistance. These variables, together with the National Decile, represent the socio-economic conditions of households and are used to
identify recipient groups with similar characteristics.

2.3. Problem Solving Methods

The research problem is addressed using the K-Means clustering algorithm based on the Knowledge Discovery in Databases (KDD)
methodology. The KDD process consists of Data Selection, Data Preprocessing, Transformation, Data Mining, and Evaluation, which
systematically transform raw data into meaningful information.

2.3.1 Data Mining

Data mining is the process of extracting meaningful information from large datasets. In this study, data mining is applied to identify patterns
among social assistance recipients using the K-Means clustering algorithm.

2.3.2 Clustering

Clustering is a data mining technique that groups data with similar characteristics into the same cluster. This study employs the K-Means algorithm because
of its simplicity, computational efficiency, and effectiveness in clustering numerical data based on the minimum distance to cluster centroids.

2.3.3 MATLAB

MATLAB was used to normalize the data, determine the optimal number of clusters using the Elbow Method, perform K-Means clustering,
and visualize the clustering results. The software also facilitated the analysis of cluster centroids and member distribution.

2.3.4 Research Supporting Data for 2025

The dataset used in this study was obtained from the National Socio-Economic Single Data (DTSEN) managed by the Binjai City Social
Agency in 2025. A total of 847 records were analyzed using three variables: National Decile, Family Hope Program (PKH) recipient status,
and Basic Food Assistance recipient status. These variables were selected because they represent the socio-economic characteristics of
social assistance recipients. Table 1 presents a sample of the dataset used in this study.
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Table 1. Sample Data For 2025

- . . PKH Social Assistance Sembako Social Assistance
No District National Decile Name Recipient Status Recipient Status
s Administrator (PKH Jul - Sep Administrator (Basic Food Aid Jul -
1 West Binjai 2 A 2025) Sep 2025)
2 West Binjai 3 B No Family (Baswzlz)(;c;()i Aid Jul - Sep
- Administrator (Basic Food Aid Jul -
3 West Binjai 3 C No Sep 2025)
4 East Binjai 2 D Family (PKH Jul - Sep 2025) T amily (BHS‘CZ%‘;‘;‘; Aid Jul - Sep
5 Binjai City 3 E Family (PKH Jul - Sep 2025)  Family (Bas‘c;z)‘;‘;c)‘ Aid Jul - Sep
s Administrator (PKH Jul - Sep Administrator (Basic Food Aid Jul -
6 Binjai City 4 F 2025) Sep 2025)
L Administrator (Basic Food Aid Jul -
7 North Binjai 2 G No Sep 2025)
- Administrator (PKH Jul - Sep Administrator (Basic Food Aid Jul -
8 West Binjai 1 H 2025) Sep 2025)
9 West Binjai 4 I Family (PKH Jul - Sep 2025) T amily (BaS‘CZFO‘;‘;‘; Aid Jul - Sep
R Administrator (PKH Jul - Sep Administrator (Basic Food Aid Jul -
10 West Binjai 2 J 2025) Sep 2025)

3. Result and Discussion

3.1. Algoritma K-Means

K-Means is a non-hierarchical clustering algorithm used to partition data into several clusters based on the similarity of characteristics.
The algorithm groups data objects by calculating the distance between each data point and the cluster centroid using the Euclidean distance.
In this study, the K-Means algorithm is applied to group social assistance recipients based on three variables: National Decile, Family Hope
Program (PKH) recipient status, and Basic Food Assistance recipient status. The distance calculation between data points and centroids is
performed using the Euclidean distance equation:

D; =\[(x1i — 1))+ (2 — x2))" e+ (2 — 27)°

The centroid value is updated by calculating the average value of all data points within each cluster. The process continues iteratively until
the centroid values no longer change significantly.

3.2. Interface Discussion

x1+x2+x3+...+xn

Cl) ="

The interface discussion presents the implementation results of the K-Means clustering process using MATLAB. The system displays the
Elbow Method graph to determine the optimal number of clusters. Based on the graph analysis, the optimal value was obtained at K = 3,
indicated by the formation of an elbow point and a significant decrease in SSE values before reaching the third cluster. The MATLAB
interface also displays the clustering results, centroid values, and visualization of the three clusters. These results are used to analyze the
characteristics of each social assistance recipient group based on the selected variables.
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Fig 2. Optimal Elbow Cluster Results



616 Journal of Artificial Intelligence and Engineering Applications

3.3. Program Analysis

Program analysis was conducted to evaluate the clustering process performed using MATLAB. The K-Means algorithm completed the
clustering process after three iterations, resulting in three optimal clusters. The clustering results consisted of 273 recipients in Cluster 1,
370 recipients in Cluster 2, and 204 recipients in Cluster 3. Each cluster represents different characteristics of social assistance recipients
based on the National Decile, PKH recipient status, and Basic Food Assistance recipient status. The cluster results were then analyzed to
determine the characteristics of each group. Cluster interpretation was performed based on centroid values, where clusters with lower
National Decile values and higher assistance recipient status indicate lower welfare characteristics, while higher National Decile values
represent higher welfare characteristics.
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Fig 3. 3 Cluster Test Results

3.4. Cluster Interpretation

Based on the centroid analysis, Cluster 3 represents recipients with lower welfare characteristics because it has lower National Decile
values and a higher proportion of PKH and Basic Food Assistance recipients. Cluster 1 represents recipients with medium welfare
characteristics, while Cluster 2 represents recipients with higher welfare characteristics due to higher National Decile values and lower
dependence on social assistance programs.

4. Results

1. Cluster 1 comprises 273 data points. The centroid values are 1.61 for National Decile (X), 0.39 for PKH Social Assistance
Recipient Status (Y), and 0.72 for Basic Food Assistance Recipient Status (Z). These values indicate that Cluster 1 is dominated
by individuals with a low national decile; a portion still receives PKH social assistance, while the majority receives basic food
assistance.

2. Cluster 2 comprises 370 data points. The centroid values are 3.48 for the National Decile (X), 0.33 for PKH social assistance
recipient status (Y), and 0.64 for *Sembako* social assistance recipient status (Z). These values indicate that members of Cluster
2 fall within the middle national decile; some receive PKH social assistance, while the majority receive *Sembako* social
assistance.

3. Cluster 3 comprises 204 data points. The centroid values are 5.00 for the National Decile (X), 0.31 for PKH social assistance
recipient status (Y), and 0.53 for *Sembako* social assistance recipient status (Z). These values indicate that Cluster 3 is
dominated by individuals with a higher national decile compared to other clusters; a small proportion receive PKH social
assistance, while approximately half of the cluster members receive *Sembako* social assistance.

5. Conclusion

This study successfully applied the K-Means algorithm to cluster social assistance recipients using DTSEN data from the Binjai City Social
Agency. Based on the Elbow Method, the optimal number of clusters was three. The resulting clusters represent different socio-economic
characteristics based on National Decile, PKH recipient status, and Basic Food Assistance recipient status. The clustering results provide
useful information to support social assistance data management and decision-making.
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