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Abstract 
Poverty is a serious problem facing Indonesia, especially in developing regions such as Aceh, and can hinder national 
progress. Poverty involves various aspects, such as economic conditions, housing, and individual social capabilities. 
The variability of poverty data between regions is influenced by various factors, including social assistance, income, 
and other social factors. Therefore, solutions are needed to better manage and understand poverty data in Aceh. 
Two approaches that can be taken to overcome this challenge are the k-means clustering method and geographic 
information systems (GIS). The k-means clustering method is a statistical tool that allows researchers to group regions 
based on poverty levels, helping to identify relevant patterns. Meanwhile, GIS is used to analyse and visualise 
poverty data in the form of maps, facilitating understanding of poverty distribution patterns in Aceh. The 
development of a web-based geographic information system can also facilitate public and government access to 
poverty data in Aceh, increasing transparency and participation in addressing poverty issues. The results of this 
system will produce three groups of regions, namely non-poor, poor and very poor. Furthermore, this system has an 
accuracy of 93% similarity with the results conducted by BPS Lhokseumawe and Alu O Village. 
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1. Introduction  

Poverty is a very serious problem, especially in developing countries such as Indonesia. Poverty in a region 
can have a negative impact on national development, hindering economic progress and the overall welfare of 
society [1].  Poverty has many aspects that need to be considered. Economically, poverty is often identified as a 
lack of resources necessary to meet basic needs and improve quality of life. Housing is also a determining factor, 
with temporary or substandard housing often being an indicator of poverty. An individual's social and economic 
ability to obtain employment and meet their basic needs is also an important factor in measuring poverty [1]. 

Poverty data in each village or region can vary significantly. This is influenced by various factors, including 
the level of social assistance received, economic income, and other factors. Therefore, poverty alleviation in each 
region must be tailored to its unique conditions. In this context, grouping these regions based on established poverty 
characteristics is an important step. The 2020 poverty data for Aceh Province released by the Aceh Provincial 
Statistics Agency ( ) of the Central Statistics Agency (BPS) is used as a reference for this grouping [1]. 

One of the most striking problems in Aceh today is the lack of a system capable of organising poverty data 
properly and presenting it in various relevant groupings. So far, there has been no effective system for managing 
poverty data and presenting it to the public and government in a transparent and accessible manner. Therefore, 
a solution is needed to overcome this challenge and provide a better understanding of the poverty problem in 
Aceh [1]. 
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To address this challenge, two approaches can be used: the K-means clustering method and geographic 

information systems (GIS). The K-means clustering method is a statistical tool that allows researchers to group 
regions based on their similar characteristics. With this method, regions can be grouped based on their poverty 
levels, helping to identify relevant patterns [1]. On the other hand, geographic information systems (GIS) can be 
used to analyse poverty levels in the region and visualise this information in the form of maps. Thus, GIS can assist 
the government and the community in understanding the patterns of poverty distribution in Aceh and taking 
appropriate measures to address this issue. By developing a web-based geographic information system that maps 
the distribution of poverty in Aceh, access to this information by the community and government can be improved, 
increasing transparency and participation in poverty alleviation efforts. This information can be accessed online 
via the internet [1]. 

By combining the K-means clustering method and geographic information systems, we can improve our 
understanding of poverty issues in Aceh and help the government and community take more effective measures to 
address this problem. In this journal, we will discuss the implementation of these two approaches to address poverty 
issues in Aceh in greater depth. 

 

2. Method 
2.1. System Overview 

The system to be developed is a web-based Geographic Information System (GIS) that aims to map the 
distribution of poverty in Aceh. This system will use the K-means Clustering algorithm to group poverty data into 
relevant categories. Users will be able to view interactive maps that visualise the results of poverty data grouping 
based on various criteria, such as poverty levels, type of residence, or other social characteristics. The main objective 
of this system is to provide easy access to users from various levels of society and government to understand and 
take appropriate action in addressing poverty issues in the Aceh region. 

2.2. Poverty 
Poverty is the inability to meet basic needs, which can be caused by a scarcity of the means to meet those 

needs or difficulties in accessing education and employment. In East Aceh, the poverty rate reaches 14.08%, which 
is quite high for the entire Aceh region, especially in rural areas. Many villages in remote areas face poverty 
involving economic aspects, inadequate housing, and difficulty in finding employment [1]. 

2.3. Geographic Information System (GIS) 
A Geographic Information System (GIS) is a system designed to collect, store, process, analyse, organise, and 

display various types of geographic data. The basic principles of GIS involve geographic information about 
locations on the earth's surface, the use of geographic information technology such as GPS, remote sensing, and 
specialised software, as well as various applications in different fields. Geographic Information Science is the basis 
for the development of GIS technology [2]. 

GIS is a computer system that can manage geographic data, including data collection, storage, retrieval, 
manipulation, analysis, and final results in the form of visualisation. GIS technology integrates database-based 
data processing operations with geographic analysis, providing advantages in data retrieval based on needs and 
unique geographic data visualisation [3]. 

GIS is a field of study and technology that continues to evolve, is used in various disciplines, and is 
experiencing rapid development. In general, GIS can be defined as an information system used to manage, 
analyse, and generate geographic data that supports decision-making in planning and management [3]. 

2.4. K-Means Clustering 
The K-Means algorithm is a common and frequently used algorithm in industry. This algorithm begins by 

determining the number of clusters to be formed and selecting the initial centre point for each cluster. Then, the 
algorithm repeatedly performs the following steps until it reaches stability: first, determining the coordinates of the 
centre point of each cluster; second, measuring the distance of each object to the centre point coordinates; and 
third, grouping objects based on the closest distance. The results of this clustering process can be visualised as shown 
in Figure 1. 
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Figure 1. Illustration of Clustering Results 

Figure 1 shows the clustering results using the K-Means method, where different colours represent different 
clusters. The main advantages of this method are its simplicity and speed, making it suitable for large datasets. 
However, this method has disadvantages, including uncertainty in the final results because it depends on random 
starting points and does not always produce the global minimum variant. In addition, this method requires a 
definable concept of average, which is not always fulfilled [9]. 

The clustering process using the K-Means Clustering method in this study involves several stages, as shown 
in Figure 2. The first stage is to determine the number of clusters (k), then generate random initial centroids. Next, 
distance calculations using the Euclidean formula are performed for each input data point relative to the centroid. 
The data is then grouped based on the closest distance, and the centroid value is updated based on the average 
of the cluster concerned. This process is repeated until there are no more changes in cluster members. The final 
result is the cluster centre value in the last iteration used as a parameter for data classification [8]. 

 
Figure 2 Steps of Clustering with K-Means 

 
2.5. BlackBox Testing 

Black Box Testing is a software testing method that focuses on testing based on requirement specifications 
without the need to examine or explore the source code. In this test, testers treat the software as a black box where 
they only have knowledge of the inputs and the expected outputs. This approach is carried out from the perspective 
of the customer or end user, so that the overall functionality of the system is evaluated. The main advantage of 
Black Box Testing is its ability to validate whether the software meets customer requirements, as well as detect any 
requirements that may be incomplete or unpredictable. In addition, this method allows for the testing of valid and 
invalid inputs to observe how the system handles various situations [10]. 

2.6.  Data and data collection 
The sample data used in this study was obtained from secondary data sources, namely the 2022 Poverty 
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Data in Aceh obtained from the Aceh Central Statistics Agency (BPS Aceh). Table 1 shows the details of the poverty 
level data used in this study. 

Table 1 Sample poverty Data 

 

2.7. UML  
Unified Modelling Language (UML) is a visual language used in software engineering to design, document, 

and model software systems. UML is used to graphically describe various aspects of a software system, including 
system structure, interactions between components, system behaviour, and relationships between the entities 
involved. 

1. Use Case Diagram 

 

Figure 3. Use Case Diagram 

Figure 3 illustrates the Use Case Diagram showing the interaction between "officials" and "users" in the system. 
There are ten Use Cases covering login, poverty data management by officials, viewing data and mapping results 
by officials and users, as well as other functions such as clustering and exporting clustered data. The Use Case 
Diagram provides a visual overview of the system's features and functions. 

2. Activity Diagram 
a. Activity Diagram for GIS implementation : The process begins when the user selects the "Maps" 

option, whereupon the system responds by displaying a map page. After that, the user can select 
a specific area to view. Next, the system retrieves the relevant data from the database and 
displays the area selected by the user on the screen. 
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Figure 4 Activity Diagram of GIS Implementation 

 
b. Poverty Data Export Diagram :  This is an activity diagram for "Exporting poverty data clustering results." The 

process begins when the user selects the "Poverty Data" option from the menu. Next, the system will display 
poverty data on the screen. After that, both officers and users have the option to select the "Download" menu. 
Once the "Download" menu is selected, the system will initiate the process of generating data in PDF format 
and displaying the PDF to the user or officer. 
 

 
Figure 5 Activity Diagram for Poverty Data Export 

 
c. Activity diagram for adding poverty data : The process begins when an officer or user selects the "Add Poverty 

Data" option from the menu. Next, the system will display the add poverty data page. The officer or user will 
enter the new data into the form provided. Once the data has been entered, the system will save the data to 
the database and display a success message to the user or officer to confirm that the data has been successfully 
saved. 
 

 
Figure 6 Activity diagram for adding poverty data 
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3. Results and Discussion 
3.1. System Design Implementation 

a. Implementation of the home page 

The home page is the first screen that appears when users or officers access the system. In the image below, you can see 
the home page designed to provide users or officers with easy and intuitive access to various system features and functions 

	
Figure 7. Implementation of the home page 

b. Implementation of the poverty data page 

In Figure 8, we can see the Poverty Data page, which is an important component of the system. On this page, 
poverty data has undergone a clustering process by the system to provide a deeper understanding of the patterns 
and groups of data. An interesting feature is the poverty data report that has been generated in PDF format. This 
report allows users to easily save, print, or share poverty data relevant to related parties. This, in turn, will assist 
in better decision-making and more effective strategic planning in addressing poverty issues. All these aspects 
create an informative and useful page display for poverty data management. 

 
Figure 8 Application of the poverty data page 

c. Implementasi GIS 

 
Figure 9. GIS 

In Figure 4.2, we can see the Maps page displaying the province of Aceh along with 23 districts/cities, 290 
sub-districts, and poverty data that has undergone a clustering process. For each sub-district, poverty data is 
displayed along with information about poverty category classifications, such as "poor", "very poor" and "not poor". 
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This provides a comprehensive view of the distribution of poverty in the region, allowing users to quickly identify 
and understand poverty patterns and levels in various locations. 

3.2. Application of K-Means 

The following are the steps for K-Means clustering in the web-based Poverty Mapping application: 
1. The first step is to enter poverty data and relevant parameters, including Population Income, Food 

Availability, Employment Rate, and Education. This data will be used in the clustering process. 
2. Next, we initialise or determine the number of clusters to be created. In this case, we start with three 

clusters. The number of clusters is determined based on analysis using the Elbow method and Silhouette 
score. 

3. After that, we select data from two sub-districts as the starting point or initial centroid for each cluster. The 
parameters used to determine this centroid are Education, Income, Employment, and Food Availability. An 
example of a cluster centroid can be stated as follows: (example of centroid values) 

4. The iteration process begins and continues until there are no changes in the placement of districts into 
clusters. The iteration involves the following steps: 
a. Calculating the Euclidean distance between each sub-district and the cluster centroid using the 

Euclidean distance formula. 
b. Calculating the distance between each sub-district and the two initial centroids. 
c. Determine which cluster has the closest Euclidean distance for each subdistrict. 
d. Update the centroid for each cluster based on the sub-district data included in the cluster's . 
e. If there are no changes in the placement of subdistricts into clusters in the next iteration, the 

convergence process has been achieved. 
5. The final result of the clustering process is the grouping of districts into clusters based on poverty levels, 

namely Poor, Very Poor, and Non-Poor clusters. 
 

3.3. Black Box Testing 

Based on the black box testing in Appendix 1, the poverty mapping application produces the following data: 
1. Total number of test cases: 12 
2. All test cases passed and none failed. 

To calculate the pass rate in black box testing, we can use the following formula: 
 
Pk (%) = (Passing testing /Total Testing) x 100% (1) 

By substituting the appropriate values into the formula, the pass rate for black box testing can be calculated 
as follows: 

Pk (%) = (12 / 12) 𝑥 100% = 100% (2) 

Thus, the black box test results for the mapping application have a pass rate of approximately 100%, and 
there are no failed test cases. 

4. Conclusion 
In this study, a web-based Geographic Information System (GIS) was successfully developed using the K-Means 

Clustering method to analyse the distribution of poverty in Aceh. The results show that GIS is effective in identifying 
patterns of poverty distribution. The web-based approach improves the accessibility of information for the 
government and the community, supporting decision-making related to poverty reduction. This study provides in- 
depth insights into the distribution of poverty in Aceh and has the potential to contribute to more efficient poverty 
eradication policies. Obstacles in managing geographic data must be overcome, and GIS technology and cluster 
analysis can be further utilised to understand the causes of poverty and develop more effective solutions. 
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