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Abstract

Population density is a critical indicator in regional development planning
because it is closely associated with public service distribution, transportation
systems, healthcare provision, and environmental management. The rapid
growth of digital technology has increased the volume and complexity of
demographic data, requiring more effective analytical methods for population
density analysis. This study aims to analyze the application of data mining in
population density mapping based on studies published between 2021 and
2025. A systematic literature review approach was employed by examining 30
scientific articles obtained from Google Scholar, Semantic Scholar, and
Crossref. The review process included article identification, literature
screening, data collection, and analysis of findings based on the algorithms,
research fields, data sources, and analytical methods used in the selected
studies. The findings indicate that the most frequently applied algorithms were
K-Means Clustering, DBSCAN, and Density Peaks Clustering. Data Mining
and Machine Learning emerged as the dominant research field, representing
50% of the analyzed articles. The primary data sources used in the reviewed
studies included public datasets, government data, and spatial imagery. The
results also show that clustering was the most commonly applied analytical
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method in population density analysis. These findings demonstrate that
clustering techniques are effective for supporting population density mapping
and identifying spatial data distribution patterns relevant to regional decision-
making. The study contributes to demographic and regional development
research by synthesizing recent evidence on the role of data mining in
population density mapping and providing a reference for future studies on
spatial demographic analysis.

Keywords: Clustering; Data Mining; DBSCAN; K-Means; Population Density
Mapping

INTRODUCTION

Population density is an essential indicator in regional development planning
because it is closely related to resource distribution, public service delivery, and community
welfare. A high concentration of population within a particular area significantly affects
transportation systems, healthcare services, education, environmental management, and
social infrastructure. Accurate population distribution data enables governments and
policymakers to formulate more effective and evidence-based development strategies.
However, the dynamic and heterogeneous nature of population distribution creates
significant challenges in producing precise spatial mapping and demographic analysis

(Zhang & Li, 2022).

The rapid advancement of digital technology has led to a substantial increase in
demographic data generated through population censuses, administrative registration
systems, digital governance platforms, and community-based information systems. These
demographic datasets exhibit big data characteristics, including high volume, data variety,
and rapid data growth. Consequently, conventional analytical approaches are often
insufficient for processing and interpreting such complex datasets efficiently. Therefore,
the implementation of data mining and machine learning techniques has become
increasingly important in supporting demographic clustering and population density
analysis (“A Novel Oversampling Method for Imbalanced Datasets Based on Density
Peaks Clustering,” 2021).

In recent years, clustering algorithms have experienced significant development

across various scientific disciplines. Clustering methods are widely utilized to group data
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based on similar characteristics, enabling more systematic and efficient decision-making
processes. The application of clustering is no longer limited to information technology but
has expanded into healthcare, agriculture, environmental studies, governance systems,
population analysis, and energy management. Through clustering techniques, researchers
are able to identify hidden patterns from large-scale and complex datasets, thereby
generating meaningful insights for analytical and policy-related purposes (Wang et al.,
2023).

The growing implementation of data mining demonstrates that analytical
technologies have become a critical component in scientific development and data-driven
decision-making. Studies published between 2021 and 2025 indicate that research involving
machine learning and data mining has become increasingly dominant across multiple
academic fields. These studies utilize highly diverse datasets, including public datasets,
government records, spatial imagery, simulation-based data, and experimental datasets.
This trend reflects the expanding role of data analytics in addressing complex societal and

developmental challenges (Wang et al., 2023).

Population density is also strongly associated with social and environmental risks in
modern society. Highly populated regions are generally more vulnerable to disease
transmission, traffic congestion, limited green spaces, environmental pollution, and unequal
access to public services. Such issues become more severe in rapidly urbanizing areas where
population growth exceeds the capacity of spatial planning and infrastructure development.
Consequently, population density mapping has become increasingly important for

achieving sustainable regional development (Du et al., 2024).

Urbanization is another major factor contributing to changes in population
distribution across regions. The migration of people from rural to urban areas places
significant pressure on urban infrastructure, transportation systems, housing availability,
and social services. This phenomenon not only affects economic conditions but also
influences environmental quality and social welfare. In this context, demographic data
analysis plays a crucial role in helping policymakers understand population distribution

patterns and establish development priorities more accurately (Chen et al., 2022).

The implementation of data mining in population density analysis provides
opportunities for producing more accurate and efficient regional mapping systems. Data

mining refers to the process of extracting valuable information and hidden patterns from
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large datasets to support analytical interpretation and decision-making. One of the most
widely used methods in data mining is clustering analysis, which groups data based on
similarities among objects or variables. Through clustering techniques, regions with similar
population density characteristics can be categorized systematically, thereby simplifying

spatial analysis and regional planning processes (Han et al., 2021).

Various clustering algorithms have been developed, each possessing distinct
characteristics and analytical advantages. Algorithms such as K-Means, DBSCAN,
Hierarchical Clustering, and Density Peaks Clustering are frequently employed in spatial
and demographic studies. K-Means remains one of the most popular clustering algorithms
due to its computational simplicity and efficiency in handling large datasets. Nevertheless,
the algorithm is highly sensitive to outliers and requires a predefined number of clusters,

which may reduce clustering accuracy in complex datasets (Jain & Kumar, 2021).

In contrast, DBSCAN identifies clusters based on data density and is more
effective in recognizing irregular distribution patterns. This algorithm is also capable of
detecting noise and outlier data that commonly appear in demographic datasets. However,
DBSCAN requires careful parameter selection, particularly regarding epsilon values and

minimum points, to achieve optimal clustering performance (Liu et al., 2022).

Recent studies further demonstrate the increasing adoption of density-based
clustering approaches due to their flexibility in handling complex datasets. Density Peaks
Clustering, for example, identifies cluster centers based on local density and relative
distance among data points. This method is considered effective in overcoming the
limitations of conventional clustering algorithms, particularly when analyzing non-linear
distributions and datasets with varying density characteristics (“A Novel Oversampling

Method for Imbalanced Datasets Based on Density Peaks Clustering,” 2021).

Despite the growing number of clustering-related studies, most previous research
has primarily focused on technical algorithmic performance without comprehensively
examining its application in population density analysis and regional development planning,.
Several studies relied on limited datasets and narrow geographical scopes, making their
findings less representative of broader demographic conditions. Furthermore, earlier
research often emphasized algorithmic accuracy comparisons without evaluating the
practical relevance of clustering results for public policy and regional planning purposes

(Rahman et al., 2022).
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Based on these conditions, a significant research gap can be identified in the limited
integration of clustering analysis with population density studies within the context of
regional development. Previous studies have predominantly concentrated on algorithmic
model development rather than investigating the practical utilization of clustering
techniques as decision-support tools. Moreover, only a limited number of studies have
systematically examined recent trends in data mining research, particularly regarding
methodological developments, data sources, and interdisciplinary applications (Kim &

Park, 2023).

This study attempts to address these gaps by conducting a literature-based
investigation of clustering and data mining research published between 2021 and 2025. The
study not only identifies the most frequently used algorithms but also analyzes research
distribution, data sources, methodological approaches, and technological trends in data
mining applications across multiple disciplines. Therefore, this research provides a more
systematic understanding of the development of analytical technologies during the selected

period.

The novelty of this study lies in its comprehensive approach that combines trend
analysis in data mining research with the examination of clustering applications in
population density analysis and regional development. Unlike previous studies that
primarily focused on technical algorithmic evaluations, this research also investigates the
relevance of clustering applications in supporting evidence-based policymaking in the
public sector. Furthermore, the study employs a systematic literature review approach to

identify research patterns in a more structured and objective manner (Snyder, 2019).

Theoretically, this study is grounded in the concepts of data mining, machine
learning, and clustering analysis as the primary analytical framework. Data mining is utilized
to extract information from large datasets, while clustering analysis is employed to classify
data based on similarities in characteristics and patterns. These approaches facilitate the
identification of distribution patterns and support systematic interpretation processes for

data-driven decision-making (Han et al., 2021).

Additionally, this study incorporates concepts related to regional development and
population density to understand the relationship between demographic distribution and
public service requirements. Population density is considered a crucial indicator for

evaluating spatial quality, infrastructure distribution, and the effectiveness of public
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services. Consequently, the utilization of analytical technologies in population mapping is
highly relevant for promoting adaptive and sustainable regional development strategies (Du

et al., 2024).

This research focuses on analyzing the development of clustering and data mining
studies related to population density and regional decision-making processes during the
2021-2025 period. The study emphasizes the identification of commonly used algorithms,
research fields, data sources, and methodological approaches employed in scientific
publications. Through this analysis, the research aims to provide a comprehensive overview
of technological developments in data analytics for demographic management and regional

planning.

The objectives of this study are to identify trends in the use of clustering algorithms
in data mining research, analyze the distribution of research fields and data sources, and
evaluate methodological developments during the 2021-2025 period. In addition, the study
seeks to provide recommendations regarding future research opportunities in demographic

analysis and regional development based on data mining technologies.

The findings of this study are expected to contribute both theoretically and
practically. From a theoretical perspective, this research enriches the academic discussion
regarding the development of clustering and data mining within demographic studies.
Practically, the findings may serve as a reference for researchers, academics, and
policymakers in developing analytical systems that support evidence-based regional
planning. Ultimately, this study is expected to contribute to scientific advancement and the

implementation of analytical technologies for more effective population management.

METHODS

This study employed a qualitative approach using the Systematic Literature Review
(SLR) method. The qualitative approach was selected because the research focused on
identifying, interpreting, and analyzing scientific findings related to the application of
clustering algorithms and data mining techniques in population density analysis. The study
was descriptive in nature, aiming to systematically describe the development of data
analysis research published between 2021 and 2025. A literature review approach was
considered appropriate because it enabled the researcher to synthesize findings from

previous studies and generate a comprehensive understanding of algorithm trends,
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dominant research fields, analytical methods, and the development of data mining

applications across multiple sectors.

The research was conducted from January to May 2025 and required approximately
five months to complete. The research stages included topic identification, scientific article
retrieval, literature selection, data collection, data analysis, and report preparation. During
the research process, the researcher identified scientific publications related to clustering,

machine learning, data mining, and population density mapping.

The research design was systematically developed based on the stages of a
systematic literature review, including literature identification, article screening, eligibility
assessment, data extraction, and synthesis of findings. These stages were implemented to
ensure that the selected articles were highly relevant to the research objectives and
possessed adequate scientific quality. Through this design, the study aimed to obtain a
comprehensive understanding of the development of clustering methods and data analysis

techniques within the 2021-2025 publication period.

Research indicators were established as the primary basis for data collection and
analysis. These indicators were developed based on theories of data mining, machine
learning, and clustering analysis that served as the conceptual foundation of the study. The
first indicator concerned the types of clustering algorithms utilized in the selected studies,
including K-Means, DBSCAN, Hierarchical Clustering, and Density Peaks Clustering. This
indicator was intended to identify the most dominant algorithms used in data analysis
research. The second indicator focused on research fields applying clustering and data
mining techniques, such as healthcare, environmental studies, information systems,
population analysis, agriculture, and energy. The third indicator involved the analytical
methods applied in the studies, including clustering, hybrid machine learning, statistical
analysis, experimentation, and simulation modeling. The fourth indicator examined the
types of data sources used in the articles, including public datasets, government data, spatial

imagery, simulation data, and experimental datasets.

The formulation of these indicators was intended to address the previously
established research questions. The first research question focused on identifying the most
frequently used algorithms in data analysis research during the 2021-2025 period. The

second research question examined the dominant research fields applying clustering and
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data analysis methods. The third research question aimed to identify the most commonly

used analytical methods in scientific publications.

The participants in this study were not individuals or respondents but scientific
articles used as research data sources. The articles were obtained from national and
international journals published between 2021 and 2025. A total of 30 scientific articles
meeting the inclusion criteria were selected for analysis. These articles were retrieved from

several scientific databases, namely Google Scholar, Semantic Scholar, and Crossref.

The sampling technique employed in this study was purposive sampling. This
technique was selected because the articles were intentionally chosen based on specific
characteristics relevant to the research objectives. The selected articles were closely related
to data mining, clustering techniques, and population density analysis. The use of purposive
sampling enabled the researcher to obtain highly relevant data sources and conduct more

in-depth analysis.

Several inclusion criteria were established to ensure the quality and relevance of the
selected literature. The articles had to be scientific publications written in either Indonesian
or English, published between 2021 and 2025, and discuss population density mapping or
the implementation of data mining techniques in demographic analysis. In addition, the
articles were required to contain information regarding algorithms, analytical methods, data

sources, and research findings to support the literature review process.

The article retrieval process was conducted using the keywords “Data Mining on
Population Density” and “Mapping Clustering for Population Density.” These keywords
were used to identify publications relevant to the research topic. The initial search
produced a large number of articles from various scientific databases. Subsequently, a
preliminary screening process was carried out based on titles and abstracts to determine
article relevance. Articles that passed the initial screening stage were then evaluated through

tull-text review to ensure consistency with the research focus.

The research instruments consisted of documentation sheets and data extraction
tables. Documentation sheets were used to record article identity, author names,
publication year, research methods, algorithms, data sources, research fields, and findings.
Meanwhile, the data extraction table facilitated the organization and classification of
information obtained from each article, thereby simplifying the analysis and interpretation

processes.
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Data validity in this literature review study was maintained through source
triangulation and article eligibility evaluation. The researcher compared findings from
multiple studies to ensure data consistency and minimize potential bias. Furthermore, the
selected articles were evaluated based on publication quality, topic relevance, and
completeness of information. This evaluation process was conducted systematically to

ensure that the selected literature adequately supported the research objectives.

Data collection techniques involved documentation and systematic literature
exploration. The first stage consisted of identifying literature sources through scientific
databases. The second stage involved article screening based on titles and abstracts. The
third stage focused on full-text evaluation to ensure article relevance to the research
objectives. The fourth stage involved data extraction by recording important information
from the selected articles. All collected data were subsequently organized into tables to

facilitate classification and analytical interpretation.

The data analysis technique used in this study was descriptive qualitative analysis.
The analysis was conducted by classifying data according to the predefined research
indicators. The analytical stages included data reduction, data presentation, interpretation,
and conclusion drawing. During the data reduction stage, the researcher filtered
information relevant to the research focus. Subsequently, the collected data were presented

in tables and narrative descriptions to simplify interpretation.

In the interpretation stage, the researcher analyzed clustering algorithm trends,
research field distribution, data sources, and dominant analytical methods used in studies
published between 2021 and 2025. Comparative analysis among the selected articles
enabled the researcher to identify patterns in the development of data mining and
clustering applications across multiple disciplines. The final stage involved drawing

conclusions based on the systematic synthesis of research findings.

Through this research methodology, the study is expected to provide a
comprehensive overview of the development of clustering algorithms and data mining
applications in population density research and related scientific fields. Furthermore, the
systematic literature review approach employed in this study enables the production of a
more objective, structured, and scientifically relevant synthesis regarding recent

developments in data analysis research.
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RESULTS

The findings were obtained through a systematic review of 30 scientific journals
published between 2021 and 2025 regarding the application of data mining in population
density mapping. The analyzed articles were collected from Google Scholar, Semantic
Scholar, and Crossref, focusing on clustering algorithms, analytical methods, data sources,

and dominant research domains.
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Figure 1. Algorithm Usage

Figure 1. algorithm usage results show that clustering methods were the most
frequently applied approaches in population density studies. The dominant algorithms
identified were K-Means Clustering, DBSCAN, and Density Peaks Clustering. The
prevalence of these methods demonstrates that clustering techniques remain the primary

approach for analyzing spatial population distribution patterns.

K-Means Clustering emerged as the most widely used algorithm because of its
simplicity, computational efficiency, and ability to classify regions into low-, medium-, and
high-density categories. Meanwhile, DBSCAN was extensively implemented because it can
detect irregular spatial distribution patterns without requiring a predefined number of
clusters. Density Peaks Clustering was applied to improve the accuracy of density center

identification and reduce noise influence during the clustering process.

In addition to clustering methods, several studies also utilized Kernel Density
Estimation (KDE), Random Forest, Linear Regression, Fuzzy C-Means, and Cellular

Automata. Kernel Density Estimation was mainly used to visualize spatial and temporal
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changes in population density, whereas Random Forest and Linear Regression were

employed to predict population growth trends based on socio-economic indicators.

Table 1. Distribution of Research Fields

‘ Research Field

HNumber of Journals‘

‘Data Mining / Machine Learning

15

‘Information Systems / Computer Technolong

‘Agriculture / Biology

‘Demography

‘Healthcare / Medical

‘Energy and Environment

‘Astronorny / Astrophysics

‘Ecology / Zoology

‘Herbal Industry / Intellectual Property

= = = N QI O] W

Source: Compiled by the researcher (2026)

Table 1 shows that the field of Data Mining and Machine Learning dominated the

reviewed studies, accounting for 15 journals or 50% of the total publications analyzed. This

finding indicates that data analysis technologies are increasingly applied across multiple

disciplines, particularly in spatial and demographic studies. In addition, the results

demonstrate that clustering and machine learning approaches have become the primary

methods for analyzing population distribution patterns and supporting data-driven

decision-making processes.

Dataset Publik / UCI

Data Pemerintah

Citra & GPS Spasial

Figure 2. Distribution of Algorithm Usage

Simulasi / Model

Eksperimen Pertanian

Data Kesehatan

Figure 2. shows the distribution of data sources used in the reviewed studies. The

results reveal considerable variation in the types of datasets utilized, including public

datasets, government databases, satellite imagery, GIS platforms, and GPS-based spatial
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data. This finding indicates that population density research increasingly integrates
geospatial technologies and diverse data sources to support more accurate spatial analysis

and mapping processes.

Table 2. Research Methods Used
‘ Research Method HTotaly
‘Clustering ‘ ‘ 18 ’
‘Hybrid Machine LearningH 4 ’
‘Statistical Analysis ‘ ‘ 3 ’
‘Experimental Methods ‘ ‘ 3 ’
m ‘Sirnulation /Modeling ‘ ‘ 2 ’

Source: Compiled by the researcher (2026)
Table 2 indicates that clustering methods dominated the reviewed studies with a

total of 18 journals. This demonstrates that clustering techniques remain highly relevant in
data-driven research because they effectively identify distribution patterns and relationships
among variables. In addition, the findings reveal that clustering approaches are widely
utilized in population density mapping due to their ability to classify spatial data into

meaningful groups and support more accurate regional analysis.

DISCUSSION

The findings demonstrate that data mining techniques make significant
contributions to population density mapping. The dominance of clustering algorithms such
as K-Means, DBSCAN, and Density Peaks Clustering indicates that data grouping
approaches remain highly effective in identifying spatial population distribution patterns.
This finding supports Wang et al. (2022), who emphasized that clustering methods are

highly effective for detecting spatial hotspots and grid-based distribution patterns.

K-Means Clustering emerged as the most dominant algorithm due to its simple
computational process and efficiency in handling large-scale datasets. The algorithm
effectively classifies regions into low-, medium-, and high-density categories, thereby
facilitating spatial data interpretation. This result aligns with Delia et al. (2025a), who
demonstrated that K-Means is effective for population density classification within

administrative regions.

However, K-Means has limitations in handling complex and irregular spatial
distributions. Consequently, several studies have shifted toward density-based clustering

approaches such as DBSCAN and Density Peaks Clustering. DBSCAN offers greater
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flexibility because it can identify high-density regions without requiring a predefined
number of clusters. Furthermore, the method can detect low-density areas as noise, which
are often overlooked by K-Means. This finding is consistent with Lv and Liu (2023), who
argued that DBSCAN performs better in handling non-linear spatial distributions.

The implementation of Density Peaks Clustering also reflects recent advancements
in population density studies. This method determines cluster centers based on density
levels, resulting in higher clustering accuracy. The approach supports the findings of Xu et
al. (2023), who reported that density-distance indices improve automatic cluster center

identification.

Beyond clustering methods, the study also demonstrates that Kernel Density
Estimation, Random Forest, and Cellular Automata play important roles in population
density analysis. Kernel Density Estimation is effective for visualizing temporal changes in
population density, thereby supporting urbanization and urban growth analysis. Meanwhile,
Random Forest and Linear Regression are primarily utilized to predict population growth

trends based on socio-economic variables.

The implications of this study indicate that data mining applications can support
governments and regional planners in evidence-based decision-making. Information
regarding population density patterns can assist in infrastructure planning, healthcare
service allocation, educational development, and urbanization control. Furthermore,
clustering approaches can also be utilized to identify areas vulnerable to crime, traffic

congestion, and disease transmission.

From a theoretical perspective, this study reinforces the concept that clustering
techniques are effective approaches in spatial data mining analysis. The findings also
indicate that density-based clustering methods are increasingly adopted because they

overcome several limitations of conventional clustering techniques.

Nevertheless, this study has several limitations. First, the review analyzed only 30
journals, which limits the overall literature coverage. Second, the study focused exclusively
on articles published between 2021 and 2025, meaning that longer-term developments in
data mining methodologies were not fully explored. Third, the literature review approach
makes the findings highly dependent on the quality and completeness of the analyzed

articles.
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CONCLUSION

Based on the systematic literature review of 30 scientific journals published
between 2021 and 2025, this study demonstrates that data mining techniques provide
significant contributions to population density analysis and mapping. The applied methods
are not only capable of classifying regions according to population density levels, but also
effective in predicting, visualizing, and modeling spatial and temporal population
distribution changes. The findings reveal that clustering approaches remain the most
dominant methods in population density studies, particularly K-Means Clustering,

DBSCAN, and Density Peaks Clustering.

K-Means Clustering emerged as the most widely used algorithm because it is
considered simple, efficient, and capable of categorizing regions into low-, medium-, and
high-density groups. Meanwhile, DBSCAN demonstrated superior capability in identifying
irregular spatial distribution patterns and detecting noise within low-density areas. Density
Peaks Clustering was applied to improve the accuracy of cluster center identification based
on density levels. In addition, Kernel Density Estimation played an important role in
visualizing population density changes, whereas Random Forest and Linear Regression
were frequently utilized to predict population growth trends based on socio-economic
factors. Cellular Automata and Fuzzy C-Means also provided more adaptive approaches

for understanding population density dynamics.

This study successfully addressed the research objectives regarding the most
dominant algorithms, the research fields that most frequently apply data mining techniques,
and the analytical approaches commonly used in population density mapping. The findings
indicate that Data Mining and Machine Learning constituted the most dominant research
field, accounting for 50% of the analyzed journals. This result demonstrates that data
analysis technologies are increasingly implemented across multiple disciplines, particularly

in spatial and demographic studies.

The contribution of this study lies in providing a comprehensive literature synthesis
concerning the development of data mining methods for population density mapping
during the 2021-2025 period. The study also presents an overview of algorithm trends,
data sources, and analytical approaches utilized in spatial-based research. Practically, the

findings may serve as a reference for researchers, governments, and regional planners in
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selecting appropriate analytical methods to support evidence-based decision-making

processes.

Nevertheless, this study has several limitations because it only analyzed 30 journals
and focused exclusively on publications from 2021 to 2025. Therefore, future studies are
recommended to include broader literature coverage, extend the research period, and
develop more in-depth comparative analyses of algorithm performance in order to obtain a
more comprehensive understanding of the effectiveness of data mining methods in

population density mapping.
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