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ABSTRACT
Population data management at the village level plays an important role in
supporting administrative services, development planning, and data-driven
decision-making. However, in many village offices, including the Bandar Sono
Village Office, population data is still managed manually and stored in
fragmented formats, resulting in inefficiencies in data retrieval, duplication
risks, and difficulties in performing structured data backup. This condition
indicates the need for a more systematic approach to organizing and analyzing
population data. This study aims to analyze and implement the K-Means
clustering algorithm to group population data in order to improve the efficiency
of data centralization and backup processes. The research method used is
quantitative, involving data collection, preprocessing, and clustering analysis
using the K-Means algorithm based on attributes such as the number of male
residents, female residents, and total population. The results show that the K-
Means method successfully groups population data into three clusters, namely
small, medium, and large population categories. These clustering results provide

more structured and meaningful information, facilitating easier data analysis and
improving the effectiveness of data management. In conclusion, the
implementation of K-Means clustering contributes to enhancing the efficiency,
organization, and reliability of population data management systems, thereby
supporting better administrative services and decision-making at the village
level.

INTRODUCTION

With the rapid development of information technology, public data management has increasingly become a key
priority for government agencies at all levels, including at the village level (Sulistiani et al. 2025). Population data is a
vital asset that forms the basis for development planning, the provision of public services, and the allocation of social
assistance (Wibowo and Aryanti 2025). However, in many village offices, population data is still stored in a fragmented
manner for example, in different Excel files, manual records, or separate computer systems—making the processes of
searching, verifying, and backing up data inefficient and prone to data loss (Fazira, Fitri, and Risawandi 2025). This
situation results in slow administrative services for residents, difficulties in determining aid recipients, and the risk of
data loss due to equipment failure or human error (Iin 2025).

The issue of data centralization becomes increasingly critical as the population grows. The growth in data
volume means that traditional backup processes (manual backups to flash drives, external hard drives, or separate files)
take longer, are prone to duplication, and can potentially lead to inconsistencies between data sources (Fadhil, Fuadi,
and Maryana 2025). Without proper data grouping and normalization mechanisms, efforts to consolidate village
databases become difficult and require significant human resources (Rahmawati, Prihartono, and Cirebon 2025).
Therefore, a solution is needed that not only centralizes data but also simplifies the understanding of population group
characteristics, thereby facilitating backup strategies, service prioritization, and local policies (Homepage et al. 2025).

The Office of the Village Head of Bandar Sono, Nibung Hangus Subdistrict, Batu Bara Regency, is a government
agency that plays a vital role in providing various administrative services to the community. This office still manages
population data using hard copies and photocopies of Family Cards (KK). As the population grows, this situation results
in data that is not yet properly centralized, making data retrieval and backup processes difficult. Therefore, an analysis
of population data clustering based on data mining using the K-Means Clustering method is needed to support the
efficiency of population data centralization and backup.

However, in practice, data management at the village office still faces challenges due to the lack of a centralized
storage system. Population data remains scattered across various physical archives and separate digital files, often
leading to duplication, inconsistencies, and slowing down search and verification processes. Reliance on manual record-
keeping and a lack of integration among village departments make services less efficient, especially as the volume of
data continues to increase year after year.
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In addition to these issues, the growing population of Bandar Sono Village each year presents its own set of
challenges. As the volume of data to be managed increases, so does the risk of recording errors or data loss, especially
when data processing and storage are still done manually. The data backup process also becomes increasingly difficult
and time-consuming due to the lack of a structured and organized system. Reliance on manual storage methods makes
data vulnerable to corruption, loss, or incompleteness in the event of technical disruptions such as hardware failure or
input errors.

In the context of data analysis, clustering methods are extremely useful tools for grouping entities based on
common attributes such as age, occupation, economic status, possession of administrative documents, or address
(Alawiyah, Aghnia, and Abdalah 2025) (Rival et al 2024). One of the most widely used clustering algorithms, due to its
simplicity and efficiency, is K-Means (Hasim Azari, Dwi Hartanti, and Aprilisa Arum Sari 2024). K-Means works by
grouping data into k clusters based on proximity to the centroid; although it has limitations (e.g., sensitivity to
initialization and variable scale), recent practices and developments show that with proper data preprocessing
(normalization, outlier handling) and cluster metric evaluation, K-Means is capable of producing meaningful clusters
for local government needs (Bili, Abineno, and Aha Pekuwali 2024).

The application of K-Means to village-level population data offers several practical benefits (Usino 2024). First,
clustering can reveal profiles of resident groups (e.g., clusters of economically vulnerable residents, clusters of young
families, clusters of elderly residents), enabling village heads and staff to design more targeted policies. Second, by
clustering the data, the backup process can be optimized: for example, frequently changing or at-risk data (family
registration records) can be prioritized in periodic backup strategies, while static data can be archived separately,
making the backup process more efficient in terms of time and storage space. Third, the results of clustering can be used
to detect data inconsistencies or duplications before the centralization process, thereby improving the quality of the
centralized database (Susilo et al. 2024).

However, the application of data mining techniques in government data management also requires attention to
several aspects, namely the quality and completeness of data attributes, the protection of citizens’ privacy, and the
readiness of village human resources in terms of system operation. The pre-processing stage (cleaning, normalization,
encoding) is critical to the success of clustering (Febriyanti, Harahap, and Masrial 2024). Additionally, developing
backup policies that incorporate clustering results requires procedural design and training so that village officials can
operate and maintain the centralized system sustainably.

LITERATURE REVIEW

The development of data mining techniques has significantly contributed to improving data processing and
analysis across various domains, including government administration. One of the commonly used approaches is
clustering, which groups data based on similarities in specific attributes to produce more meaningful information for
decision-making (Hendrastuty 2024; (Susilo et al. 2024). Compared to classification methods, clustering does not
require predefined labels, making it suitable for exploratory analysis, particularly in population data management where
patterns are not yet clearly defined.

Among various clustering methods, K-Means is widely adopted due to its simplicity, computational efficiency,
and ability to handle large datasets (Hasim et al 2024; Wibowo and Aryanti 2025). Several studies have demonstrated
that K-Means is effective in identifying data patterns, such as grouping student performance, sales data, and regional
characteristics (Bili et al 2024: Rahmawati et al 2025). However, these studies also highlight certain limitations,
including sensitivity to the number of clusters (K) and dependence on initial centroid selection, which may affect
clustering accuracy (Fazira et al 2025 : Febriyanti et al 2024).

Furthermore, previous research tends to focus primarily on clustering as a data analysis technique, with limited
integration into real-world information systems that directly support operational processes (Fadhil et al 2025;
Rahmawati et al 2025). In contrast, the application of clustering in government data management requires not only
accurate grouping but also the ability to integrate results into systems that enhance data centralization, backup
efficiency, and service delivery.

Based on these studies, it can be identified that there is still a gap in the implementation of K-Means clustering
for population data, particularly in integrating clustering results into practical systems that support administrative
efficiency. Therefore, this study proposes the implementation of K-Means clustering within a web-based system to
improve population data centralization and backup processes, while also providing structured and actionable
information for decision-making.
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METHOD
This study employs a quantitative method with the following steps:

Problem Identification

:

Collecting Diata

'

Analysis System

L 4

Deesign System

!

Building System

l

Implementation System

Figure 1. Research Stage

Problem Identification

This phase aims to identify the main issues facing the Bandar Sono Village Office, particularly regarding the
management of population data, which continues to grow year after year. This problem identification serves as the basis
for the need to implement the K-Means algorithm to assist in clustering population data as a strategic step toward
improving the efficiency of centralization and backup processes at the Bandar Sono Village Office.

Collecting Data

Data collection was conducted to obtain accurate information as a basis for the analysis of population data
clustering using the K-Means algorithm. This stage is crucial to ensure that the clustering results accurately reflect the
actual data conditions and are relevant for supporting efforts to improve the efficiency of data centralization and backup
at the Bandar Sono Village Office.

Analysis System

A system analysis was conducted to understand user needs, the workflow for managing population data, and the
functions required for the clustering process using the K-Means algorithm. The purpose of this phase is to ensure that
the designed system or analytical model can support the data centralization and backup processes more efficiently at the
Bandar Sono Village Office.

Design System
The system design phase is conducted to create a blueprint or initial design before the system is built. Activities
include:
a. The user interface (UI) design used to create the login screen, admin dashboard, resident data management menu,
data centralization feature, and K-Means clustering results display.
b. Creating an ERD and database schema design for managing population data, clustering attributes, and backup
data.
c. Creating flowcharts to illustrate the data input process, clustering processing, data storage, and the backup
process.

This design ensures that the system developed meets the needs and is capable of improving the efficiency of
village administration.

Building System

This phase involves implementing the system design into a functional application. Activities include developing
the user interface, creating the database structure, and integrating the population data centralization module and the K-
Means algorithm.
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Implementation System

Implementation takes place after the system has been confirmed to be ready based on the results of initial testing.
At this stage, the web-based population data management system is installed on the designated server, and the database
is configured so that all tables, relationships, and population attributes can be processed properly.

RESULT
Analysis Data

At this stage, the population data was grouped based on the number of males, the number of females, and the
total population in each hamlet in Bandar Sono Village using the K-Means Clustering algorithm. The calculations were
performed manually using a spreadsheet to ensure the accuracy of the results before they were implemented into the
system. The purpose of this grouping was to identify hamlets with small, medium, and large populations, thereby
supporting data centralization and backup strategies. The processed data is presented in Table 1 below.

Table 1. Population Data

Label 1 Label 2 Label 3 Total Number of Number of
Population Men Woman

Dusun I Dusun I Perbatasan Dusun I Perbatasan 33 16 17

Dusun II Dusun II Sei Jawi-Jawi Dusun II Sei Jawi-Jawi 49 27 22

Dusun III'  Dusun III Bunga Tanjung  J1. Inpres Dusun III Bunga 46 24 22
Tanjung

Dusun IV~ Dusun IV Kubah Sono Dusun IV Kub Ah Sono 107 53 54

Dusun V Dusun V Kedai Ramai JI. H. Nongah Dusun V 100 53 47
Kedai Ramai

Dusun VI Dusun VI Sono Tengah JI. H. Bahrum Dusun VI 71 37 34
Sono Tengah

Dusun VII Dusun VII Sono Timur Dusun VII Sono Timur 51 27 24

Dusun Dusun VIII Alur Naga Dusun VIII Alur Naga 47 22 25

VIII

Dusun IX  Dusun IX Lubuk Rukam JI. Lubuk Rukam Dusun 62 35 27
X

Design System

The system design was developed using a use case diagram. The purpose of this design is to explain the
requirements in detail (Prasetya, Sintia, and Putri 2022). The use case diagram is shown in Figure 2.
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Figure 2. Design System

Figure 2 illustrates the use case diagram of the proposed system, which describes the interaction between users
and the system in managing population data. The primary actor in this system is the admin, who has full access to all
system functionalities. The admin can perform several main activities, including managing resident data, conducting the
clustering process using the K-Means algorithm, viewing clustering results, and generating reports.

In addition, the system provides features to support data centralization and backup processes, ensuring that
population data is stored in an organized and structured manner. The clustering feature allows the system to group
population data based on predefined attributes, thereby assisting users in identifying data patterns and supporting
decision-making. Overall, this diagram represents the functional requirements of the system and serves as a blueprint
for system development.

Implementation System

The interface implementation phase is carried out to bring the previously designed system interface to life so that
it can be used directly by users.

e Login Page

This is the first step before users can access the system. On this page, users are prompted to enter their registered
username and password. The system will perform a validation process to ensure that the entered data matches the
information stored in the database. If authentication is successful, users will be redirected to the main page based on
their access level.
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Sistem Analisis Data 9
alternatif Selamat Datang

Silakan masuk ke akun Anda

Implementasi Algoritma K-Means Clustering untuk

Username
pengelompokan data desa yang lebih akurat dan efisien
Masukkan username

Clustering Otomatis Password Lupa Password?
Pengelompokan otomatis berdasarkan kriteria atribut alternatif yang
fleksibel Masukkan password

Ingat Saya

Visudalisasi Data

Hasil analisis disajikan dalam bentuk matriks dan grafik yang mudah
dipahami MASUK KE SISTEM ->

2026 K-Means alternatif Pro. All rights

eserved.

Figure 3. Login Page

e  Main Page
Displays all menus accessible to the Admin, such as hamlet data management, the clustering process, reports, and
account settings. The dashboard interface is designed to present information in a clear and easy-to-understand manner.

DATA MINER Dashboard @

Selamat datang kembali, Administrator

Dashboard

Sistem Pengelompokan Data alternatif

Data alternatif

Gunakan algoritma K-Means untuk menganalisis efisiensi sentralisasi dan backup
data desa secara otomatis dan akurat.

Penilaian

‘= Atribut Dinamis

e_e Total alternatif v Atribut Kriteria Metode Analisis
Proses K-Means adn  -_—
- 9 = 3 «iiteria K-Means
k> Laporan
Ringkasan Kesiapan Data Informasi Sesi
Kelengkapan Matriks Penilaian 100%

@ Database MySQL Terhubung

@ saat ini terdapat 27 poin data terkumpul dari total ideal 27 poin data (alternatif x Kriteria). © Level Akses: m

© Waktu Server: 19:08 WIB

Figure 4. Main Page

e Population Data Page
This is a form used to view data and to select, edit, and delete resident data.

Search: Show 10 v entries
& DATA MINER
ToraL JUMLAHLAKI- JumLAH
LABEL1 LABEL2 ALTERNATIF JIWA LAKI PEREMPUAN STATUS AKSI
1 DUSUNI  DUSUN | PERBATASAN 33 16 17 D o
——— DUSUN | PERBATASAN
2 DUSUNIl  DUSUN Il SEI JAWI-JAWI 49 27 22 oD o
2 Data alternatif DUSUN Il SEI JAWI-JAWL
A 3 DUSUNIIl  DUSUN Il BUNGA a6 24 22 [ Longeap o
TANJUNG
JL INPRES DUSUN Il BUNG
Atribut Dinamis
4 DUSUNIV DUSUNIVKUBAHSONO 107 53 54 Plonacor o
. DUSUN 1V KUBAH SONO,
5 DUSUNV  DUSUNVKEDAIRAMAI 100 53 47 D o
L M. NONGAH BUSUN U KED.
E: Laporan 6 DUSUNVI  DUSUN VISONO TENGAH 71 37 34 [ Longior o
JL. H. BAHRUM DUSUN VI SO.
7 DUSUNVII DUSUN VIISONO TIMUR 51 27 24 [ongeor § u
DUSUN Vil SONO TIMUR..
8 DUSUN  DUSUN VIl ALURNAGA 47 22 25 [Longiar § u
Vi DUSUN VIll ALUR NAGA.
9 DUSUNIX DUSUN IX LUBUK RUKAM 62 35 27 D o
L LUBUK RUKAM DUSUN IX.

Figure 5. Resident Data Page
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e  Cluster Page
This is a form used to enter population data for each hamlet into the system.
= DATA MINER Dashboard @

Selamat datang kembali, Administrator

Dashboard Inisialisasi K-Means Cluster

® Data alternatif
Jumlah Cluster (K) Centroid Awal (ID alternatif) - pisankan 10 dengan koma

22 Penilaian =3 247, 252, 250 m

Atribut Dinamis

Proses K-Means

Laporan

Figure 6. Cluster page

e Calculation Page
This is a form used to process data mining calculations and print the clustering results..

DATA MINER

Cluster 1 Cluster 2 Cluster 2

EEiEEE EB 2. Matriks Jarak Euclidean & Penempatan
# Data alternatif Jarak (D) Cluster (C)
2 B label2 alternatif D1 D2 D3 ci c2 c3
DUSUN | PERBATASAN 0.289 0794 1.651 1
P P DUSUN Il SEI JAWI-JAWI ons 0.410 1277 1
Proses K-Means DUSUN Ill BUNGA TANJUNG 0024 0.484 1346 1
DUSUN IV KUBAH SONO 1247 0.56 0108 1
DUSUN V KEDAI RAMAI 1288 0784 0108 1
el DUSUN VI SONO TENGAH 0605 o6 0761 1
DUSUN VIl SONO TIMUR 0140 0.366 1229 1
DUSUN VIll ALUR NAGA 0.001 0.434 1327 1
DUSUN IX LUBUK RUKAM 0.414 o6 0.977 1

Figure 7. Calculation Page
e  Graphic Page
Displays graphical visualization of K-Means clustering results to help users identify population patterns and
support decision-making.

Jumiah Cluster (K) Centroid Awal (ID alternatif) * pisahkan dengan koms &

S DATA MINER —~

S 3 M 259, 265, 263 m & Cetak Laporan

Dashboard Konvergensi tercapai pada iterasi ke-2

Data alternatif

|= Distribusi Anggota i#it Sebaran Cluster (Scatter)
Penilaian
Jumlah alternatif per cluster. Posisi data berdasarkan 2 atribut pertama.
= Atribut Dinamis I C1 (Kinerja Tingg: ne
Proses K-Means
Laporan 5
s“

Total Jiwa -
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e Report Page

Displays clustering results in report form, enabling data documentation, analysis, and supporting decision-
making and backup processes.

Dashboard @ .

Selamat datang kembali, Administrator

S DATA MINER

#A' Dashboard

Filter Kriteria: Cari Nilai:

Masukan angka... — ‘

Show 10 ~ entries

3% Data alternatif = Pilih Atribut -- ~

& Penilaian

Search:

i= Atribut Dinamis
No * labell label2 Total Jiwa Jumiah Laki-laki Jumiah Perempuan Aksi
&P K-M
roses feMeans 1 DUSUNI  DUSUNIPERBATASAN = e o= o
DUSUN | PERBATASAN.
> levEn 2 DUSUN Il DUSUN Il SEI JAWI-JAWI D e =" o
DUSUN II SEI JAWI-JA...
3 DUSUN Il DUSUN lll BUNGA TANJUNG 3 o =" o
JL. INPRES DUSUN III..
4 DUSUNIV  DUSUN IV KUBAH SONO e = = o
DUSUN IV KUBAH SONO...
5 DUSUNV  DUSUN V KEDAIRAMAI ) 5 5 o

JL. H. NONGAH DUSUN .

Figure 9. Report Page

DISCUSSION

Before applying the K-Means method, the data used in this study consisted solely of a collection of ungrouped
raw data. The available information was still general in nature and could not provide a clear picture of specific patterns
or characteristics within the data. This made it difficult to conduct further analysis and make data-driven decisions, due
to the lack of grouping that could help identify relevant categories or segments.

After applying the K-Means method, the data was successfully grouped into several clusters based on the
similarity of characteristics among the data points. These clustering results provide more structured and easily
understandable information, making it easier to identify specific patterns that were previously not visible. Each cluster
represents a group of data with similar characteristics, and can thus serve as a basis for further analysis and decision-
making.

A comparison of the data before and after applying K-Means demonstrates an improvement in the quality of the
information produced. Before clustering, data analysis tended to be general and non-specific; however, after clustering,
the data can be analyzed in greater depth based on the formed groups. This allows users to better understand the data
distribution and identify groups with specific characteristics.

Thus, the application of the K-Means method not only serves as a data clustering technique but also provides
added value in the form of more structured information, thereby supporting more effective decision-making. The
resulting clusters can be used to group population data by variable, offering more practical benefits than manual data
processing.

CONCLUSION

Based on the research conducted, it can be concluded that the K-Means algorithm is capable of clustering
population data based on the variables of the number of males, the number of females, and the total population into
three categories: small, medium, and large. The calculation process involves determining centroids, calculating
distances using the Euclidean distance method, and iterating until convergence is achieved. The application, developed
using PHP and MySQL, can centrally store village data, automatically perform the clustering process, and display the
clustering results in the form of tables and graphs. This indicates that the system has met the functional requirements
formulated at the beginning of the study, and the information regarding population scale categories for each village
provides a more structured overview of data distribution. Consequently, village officials can plan administrative
management and data backup strategies in a more systematic and data-driven manner.
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