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Abstract—Understanding consumer behavior patterns is essential for organizations seeking to improve
marketing strategies, enhance customer satisfaction, and optimize decision-making processes. This study
explores the application of the K-Means clustering algorithm as an unsupervised machine learning method to
identify distinct consumer behavior patterns from transactional and demographic data. The research process
includes data preprocessing, feature selection, normalization, and the determination of the optimal number of
clusters using evaluation techniques such as the Elbow Method and Silhouette Score. The K-Means algorithm
is then employed to segment consumers based on similarities in purchasing behavior, including purchase
frequency, transaction value, and product preferences. The resulting clusters reveal meaningful consumer
groups with unique characteristics, enabling businesses to develop targeted marketing campaigns and
personalized service strategies. The findings demonstrate that K-Means clustering effectively uncovers hidden
structures within consumer datasets and provides valuable insights for customer segmentation and strategic
planning. This study highlights the potential of data-driven approaches in supporting business intelligence and
improving organizational competitiveness in increasingly dynamic markets.
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I. INTRODUCTION

The rapid development of information technology in the digital age has had a significant
impact on the business world, including the retail and trade sectors [1]. Competition among
businesses is becoming increasingly fierce, so companies must be able to understand the
needs and behavior of their consumers in order to survive and grow [2]. The use of data
has become a critical aspect of modern business decision-making [3]. Every transaction
that occurs in a retail store contains valuable information that can be analyzed to identify
consumer habits, preferences, and purchasing patterns [4]. Through data analysis,
companies can develop more effective strategies to increase sales and consumer loyalty
[5]- One of the challenges in the retail sector is the inability to optimally utilize transaction
data to understand consumer behavior patterns. Many small and medium retail businesses
still rely on manual analysis, resulting in less effective decision-making and suboptimal
marketing strategies.

In its day-to-day operations, Taqimart serves a wide range of customers with diverse
characteristics, including age, gender, income level, and purchase frequency. Every day,
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the store generates a significant volume of transaction data that has the potential to be
transformed into strategic insights. However, this data is often merely stored as sales
records without further analysis. In fact, if managed properly, this transaction data can help
understand consumer behavior and serve as the foundation for designing more targeted
marketing strategies.

The challenge faced by Taqimart is the lack of an analysis method or system to segment
customers based on similar shopping behavior patterns. Until now, business decisions such
as product promotions and the determination of marketing strategies have still been made
manually and based on subjective estimates. This has led to suboptimal inventory
management, a mismatch between the products offered and consumer needs, and
ineffective promotions. Taqimart lacks a strong analytical foundation to identify the most
promising consumer segments. As a result, opportunities to increase sales and consumer
loyalty have not been fully utilized.

One solution to address this issue is to apply data mining, specifically using the K-
Means Clustering method [6] [7]. This method groups data into several clusters based on
the similarity of certain characteristics [8]. In the context of consumer behavior, K-Means
can be used to identify consumer groups with similar shopping habits, such as purchase
frequency and total spending [9] [10]. By identifying these consumer groups, Tagimart can
more easily determine marketing strategies tailored to the needs of each segment, such as
offering special promotions to active consumers or introducing new products to specific
groups [11][12].

By applying the K-Means Clustering method, Taqgimart is expected to be able to identify
consumer behavior patterns in greater depth and with greater accuracy [13] [14]. This
analysis not only helps improve operational efficiency but also supports more effective
data-driven marketing strategies [15]. Thus, this research is important to help Taqimart
understand its consumers’ behavior, enhance its competitiveness in the market, and
strengthen long-term relationships with consumers through more targeted services and
strategies.

II. METHODOLOGY
This study used several stages, as shown in Figure 1 below.

Problem Identification

+
Literature Study
'
Collecting Data
+
Design System
'

System Testing

!

Implementation

Figure 1. Research Method

A. Problem Identification

Taqimart generates a large volume of transaction data every day, but this data has not yet
been analyzed to understand consumer behavior. Business decisions such as inventory
procurement, promotions, and marketing strategies are still made manually and based on
estimates. This leads to inaccuracies in inventory management and ineffective promotions.
Therefore, the K-Means Clustering method is needed to group consumers based on their
shopping patterns as a basis for more accurate decision-making.
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B. Literature Study

A literature review was conducted to identify existing theories and research on data mining,
consumer behavior, and the K-Means clustering method. This literature serves as the
foundation for understanding how clustering works and its application in consumer
segmentation within the retail sector.

C. Collecting Data

Data was collected using Taqimart transaction data, such as purchase frequency, total
spending, and product types. Supporting data was also obtained through interviews or
observations to understand the store’s operational conditions.

D. Design System

The system design uses the Unified Modeling Language (UML), visualized using
Microsoft Visio. The UML diagrams to be used include Use Case Diagrams, Activity
Diagrams, and Sequence Diagrams [16].

E. System Testing

A pilot phase was conducted to assess whether the designed system met user needs. Once
the design phase was complete, the system was developed using the PHP programming
language and a MySQL database [17]. Testing was performed using the Blackbox Testing
method to ensure that all system functions operated in accordance with the established
specifications. If any discrepancies were found, the system was evaluated and refined until
it functioned optimally in line with user expectations.

F. Implementation System

The resulting clusters were analyzed to identify the characteristics of each consumer group
[18]. The findings were used to recommend strategies such as inventory adjustments, more
targeted promotions, and the identification of potential consumer segments to improve
Taqimart’s performance [19].

Research Object

This research was conducted at Taqimart, a grocery retail store located in Kisaran,
Indonesia. Tagimart operates in the retail sector by providing various daily necessities and
household products.

The data used in this study consist of transaction data and consumer data collected from
Taqimart. The dataset includes attributes such as purchase frequency, total spending, and
product categories, which are used as variables in the clustering process. These data
represent consumer purchasing behavior and serve as the basis for applying the K-Means
Clustering method.

II1. RESULT AND DIISCUSSION

A. Analysis Data

Before presenting the transaction dataset, it is important to describe the characteristics
of the data used in this study. Consumer transaction records provide valuable information
for understanding purchasing behavior and identifying similarities among customers. The
dataset employed in this research comprises transactional information collected from 50
consumers and includes variables related to purchasing activities, such as purchase
frequency, total purchase amount, and the diversity of product categories purchased. These
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variables serve as the primary indicators for the K-Means clustering process to segment
consumers based on their behavioral patterns. The detailed description of the transaction
data used in this study is presented in Table 1.

Table 1. Transaction Data

No Consumen initial Buy Frequence Buy Amount Category Buy
1 AS 3 120000 4
2 RK 6 420000 5
3 FP 7 490000 5
4 SA 8 560000 6
5 DI 2 170000 4
6 NA 10 700000 7
7 RA 5 270000 5
8 WO 2 140000 8
9 BS 10 910000 8
10 MS 14 980000 9

50 NR 16 1260000 11

B. Design System

A Use Case Diagram is a visual representation of the activities performed by actors and the
system to achieve a specific goal [20]. The following is the design of a use case diagram
for the K-Means system that was created.

Sistem

Admin

Mengelola Data Konsumen
Mengelola Transaksi

C. Implementation System

1. Login Page

Figure 2. Use Case Diagram

The login page serves as the entry point for accessing the system. Users are required
to enter a valid username and password to log in to the system in accordance with

their access rights.
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TAQIMART

Figure 3. Login Page

2. Dashboard Page

To facilitate sales monitoring and support managerial decision-making, the
developed system provides an interactive dashboard that summarizes important
business information in a concise and user-friendly format. Through this dashboard,
administrators can quickly access key indicators related to business performance,
including monthly sales totals, monthly profit, products with low stock levels, and
daily sales information. The availability of these visual summaries enables users to
monitor operational conditions in real time, identify emerging trends, and respond
promptly to potential issues requiring immediate attention. The implementation of
the dashboard interface developed in this study is illustrated in Figure 4.

The dashboard page displays a summary of the system's key information.

TAQIMART

e Admin

Total Keuntungan Bulan ¢
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Figure 4. Dashboard Page

3. Category Page

The category page is used to manage product category data. Users can add, edit,
and delete categories as the basis for grouping products. Effective product
management requires accurate classification of products to ensure efficient
inventory control and facilitate transaction processing. Therefore, the system
provides a product category management feature that enables administrators to
organize products into predefined categories according to their characteristics.
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Through this interface, users can add new categories, edit existing category
information, and remove categories that are no longer needed. The availability of
this feature helps maintain data consistency, improves the accuracy of sales records,
and supports subsequent analytical processes, including consumer behavior
analysis using the K-Means clustering method. The implementation of the product
category management interface is presented in Figure 5.
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Figure 5. Category Page

4. Product Page

The product page is used to manage data on products for sale, including product
name, category, price, and inventory. This data is used in the sales transaction
process.

TAQIMART

Data Produk

B

Figure 6. Product Page

5. Consumer Page

The customer page displays data on customers registered in the system. The
information on this page serves as the basis for customer analysis and segmentation.
Consumer data constitute an essential component of the sales information system,
as they provide the foundation for understanding purchasing behavior and
conducting customer segmentation analysis. To support these activities, the system
includes a consumer management feature that allows administrators to record and
maintain customer information in an organized manner. The interface stores various
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consumer attributes, such as consumer codes, names, contact numbers, addresses,
purchase frequency, total purchase value, and the number of product categories
purchased. These data not only facilitate transaction management but also serve as
the primary input for the K-Means clustering process to identify consumer behavior
patterns and generate meaningful customer segments. The implementation of the
consumer data management interface is shown in Figure 7.

o | = o

Figure 7. Consumer Page

6. Transaction Page
The transaction page is used to record sales transactions. On this page, users can
select customers, products, and the quantity purchased. The transaction module is
a core component of the sales information system, as it facilitates the recording and
processing of consumer purchases in a structured and efficient manner. Through
this interface, administrators or cashiers can initiate transactions by selecting
registered consumers or processing purchases without predefined customer
information. The system automatically generates customer identification codes and
transaction invoice numbers, thereby reducing manual input errors and improving
data accuracy. In addition to supporting daily sales operations, the transaction data
collected through this module serve as valuable input for subsequent analytical
processes, particularly in identifying consumer behavior patterns using the K-
Means clustering method. The implementation of the transaction processing
interface is presented in Figure 8.

TAQIMART = e Aamin

Figure 8. Transaction Page
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7. Report Page

The report page is used to display a summary of transaction data and analysis
results, including sales reports and customer segmentation results using the K-
Means clustering method.
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Figure 9. Report Page

Before the implementation of the K-Means clustering method, Taqimart
generated a large volume of transaction data on a daily basis. However, this data
was not analyzed systematically to identify consumer behavior patterns. Business
decisions related to inventory procurement, promotional strategies, and marketing
activities were carried out manually based on intuition and estimation. As a result,
the company often faced issues such as inaccurate stock planning and ineffective
promotional targeting.

After applying the K-Means clustering method, transaction data can be
processed and grouped into several clusters based on customer purchasing patterns.
The clustering results reveal distinct groups of consumers, such as customers with
high purchase frequency, moderate purchasing behavior, and low engagement
levels. This classification enables the business to better understand customer
characteristics and preferences.

The comparison between the two conditions shows that the use of K-Means
clustering transforms unstructured transaction data into meaningful information
that supports data-driven decision-making. Inventory procurement can be adjusted
based on the dominant purchasing patterns in each cluster, thereby reducing the risk
of overstock or stock shortages. In addition, promotional strategies can be targeted
more effectively by focusing on specific customer groups, which increases the
potential success of marketing campaigns.

Thus, the implementation of the K-Means method not only improves data
analysis capabilities but also provides a practical solution to the problems of manual
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decision-making, inefficient promotions, and inaccurate inventory management.
This demonstrates that K-Means clustering plays a significant role in enhancing
business performance through better utilization of transaction data.

IV. CONCLUSION

Based on the research objectives and the results obtained, it can be concluded that the
transaction data at Taqimart has been successfully utilized to analyze consumer behavior
patterns, transforming previously unprocessed sales records into meaningful information.
The application of the K-Means Clustering method has proven effective in grouping
consumers based on similarities in purchasing behavior, including purchase frequency,
total spending, and product categories. The resulting clusters reveal distinct consumer
segments with different characteristics, which can be used as a basis for developing more
targeted marketing strategies. Furthermore, the implementation of the clustering-based
system supports more effective and data-driven decision-making, thereby improving
operational efficiency and enhancing Taqimart’s ability to compete in the retail market.
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