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Abstract

Customer segmentation is a crucial process in understanding consumer behavior patterns to support
strategic decision making in marketing. The main challenge faced by companies is to accurately group
customers based on transaction data. The purpose of this study is to find out and segment customers using
the algorithm K-Means clustering based on RFM model (Recency, Frequency, Monetary) on Bottled Water
sales transaction data at PT XYZ. The research method involves analysis of 111 customer data processed
using software Orange Data Mining, with validation of results using Silhouette Score which is useful in
determining the amount cluster ideal. This research produced four cluster customers, with Cluster 4 reflects
customers with the highest level of loyalty, marked by a value Frequency And Monetary the dominant one,
while Cluster 3 describes customers with low loyalty potential. The results of this study provide a scientific
basis for the development of more focused and efficient data-based marketing strategies.
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Abstrak

Segmentasi pelanggan adalah proses krusial dalam memahami pola perilaku konsumen untuk mendukung
pengambilan keputusan strategis dalam pemasaran. Tantangan utama yang dihadapi perusahaan adalah
mengelompokkan pelanggan secara akurat berdasarkan data transaksi. Penelitian ini bertujuan untuk
melakukan segmentasi pelanggan menggunakan algoritma K-Means clustering berbasis model RFM
(Recency, Frequency, Monetary) pada data transaksi penjualan AMDK di PT XYZ. Metode penelitian
melibatkan analisis terhadap 111 data pelanggan yang diolah menggunakan software Orange Data Mining,
dengan validasi hasil menggunakan Silhouette Score untuk menentukan jumlah cluster optimal. Penelitian
ini menghasilkan empat cluster pelanggan, dengan Cluster 4 mencerminkan pelanggan dengan tingkat
loyalitas tertinggi, ditandai oleh nilai Frequency dan Monetary yang dominan, sementara Cluster 3
menggambarkan pelanggan dengan potensi loyalitas rendah. Hasil penelitian ini memberikan landasan
ilmiah untuk pengembangan strategi pemasaran berbasis data yang lebih terfokus dan efisien.

Kata Kunci: data mining, k-means clustering, rfm, segmentasi pelanggan, strategi pemasaran

1. Introduction

In the era of digitalization and increasingly fierce competition, understanding consumer behavior in
depth is something that companies need to pay attention to in order to remain relevant, maintain, and expand
market share. Consumer behavior refers to the actions and decisions of individuals in the process of
purchasing or using products or services. This process is not only limited to purchasing activities, but also
includes various decisions and factors that influence these decisions [1]. Market segmentation is the process
of grouping the market into smaller parts, while consumer segmentation is an effort to divide the target
market based on certain characteristics to design more relevant business strategies [2]. This segmentation
aims to group consumers into unique, meaningful, and homogeneous subcategories based on their attributes
and characteristics. Thus, companies can understand their customers more deeply and develop effective
strategies to establish relationships according to the needs and characteristics of each group [3].

This study takes PT XYZ as the object of study. PT XYZ has various types of customers, ranging
from household individuals to companies and institutions, with diverse backgrounds and consumption
patterns. Despite having a broad customer base, the company has never implemented formal data-based
customer segmentation. The marketing strategies used are still general and do not consider specific
customer characteristics or preferences. This increases the risk of losing customers, especially if
competitors offer something more attractive or more suited to their needs [4]. In an increasingly competitive
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situation, the inability to manage customer segments properly can hinder companies from maintaining
market share and facing pressure from competitors. Therefore, PT XY Z needs to implement a more focused
approach to identifying customer needs and designing a marketing strategy that is able to adjust offers and
promotions to the specific needs of each customer segment [5].

To overcome this problem, PT XYZ needs to implement customer segmentation using the RFM
model (Recency, Frequency, Monetary) based on the last date the customer made a transaction, the
frequency of the customer making transactions and the number of transactions in a certain period [6].
Method data mining which is applied to customer segmentation is clustering, with the algorithm K-Means
as the main approach. The data to be analyzed using the RFM model is product sales transaction data, after
which a segmentation process will be carried out based on the algorithm K-Means [7]. The number of
cluster the ideal is determined by the index Silhouette Score. Combination of RFM model and method K-
Means facilitate grouping customers into the right categories and identifying their loyalty levels [8].
Through this approach, PT XY Z can identify customers with high risk churn higher, develop more effective
retention strategies, and develop more optimal marketing strategies and adapt them to each customer
segment. In a study conducted by Wahyuni, they successfully combined the RFM model with the method
K-Means for customer segmentation in the printing sector. The results show that the combination of the
two methods can produce more accurate and applicable segmentation. However, the study only used
customer transaction data over a three month period, so it did not cover seasonal fluctuation patterns or
long term promotional influences that could affect customer behavior [9]. This limitation is a gap that
underlies the importance of further research with longer and more comprehensive data coverage.

This research is motivated by the need for PT XYZ to understand customer behavior in more deeply
based on sales data for the last 10 months, namely from January to October 2024. The selection of this time
period can include stable purchasing patterns as well as fluctuations that may occur throughout the year,
including certain promotional periods or seasons. With the data from the last 10 months, PT XYZ can gain
a more relevant and up to date understanding of customer behavior, so that the resulting segmentation can
reflect actual and dynamic market conditions. Therefore, the purpose of this study is to analyze customer
segmentation by integrating the RFM model and the method K-Means based on the latest sales data at PT
XYZ. The resulting data based segmentation will allow PT XYZ to identify customer segments with high
long term value, as well as understand the unique needs of each customer group. With these more specific
analysis results, PT XYZ is expected to be able to increase customer loyalty through personalized strategies,
while preventing the potential loss of high-value customers. Furthermore, understanding this segmentation
can also strengthen the company's competitiveness in facing increasingly fierce competition in the business
industry, as well as encourage increased profitability and smooth running of the company in the future [10].

2. Material and Methods
Location and Time of Research

This research was conducted in November at PT XYZ, which is located in the East Java area. PT
XYZ is engaged in bottled water. The data used comes from sales of bottled water for the last ten months,
from January to October 2024.

Data Type and Resource

Quantitative data is data used in this study, which is data that can be calculated and in nominal form.
Bottled Water sales transaction data is included in the quantitative data category, because it is in the form
of numbers that can be further processed for analysis. The data sources used in this study are primary and
secondary data. Primary data were collected directly from research sources, namely customer transactions
recorded in the sales system [11]. The data were collected to be used as a dataset that will be analyzed using
data mining methods.

Data Collection Methods

To get pertinent data about client segmentation, this study employed a number of data gathering
techniques. First, in order to obtain a thorough understanding of the customer transaction process, direct
interviews with relevant parties particularly the sales unit were undertaken. Additionally, direct observation
at the research site was utilized to gather data, particularly on the business operations occurring in the sales
department [12]. Documentation is also used to gather notes or records from observations and interviews
that will be utilized for additional analysis. Lastly, a review of the literature was done to find relevant
references, such as earlier studies that dealt with the subject of consumer segmentation utilizing data mining
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and the K-Means clustering technique. Together, these techniques offer a thorough understanding of
consumer behavior and facilitate more precise analysis in this study.

Data Mining Life Cycle

a. Data Cleaning, the collected data is processed to eliminate irrelevant or missing data so that analysis
can be carried out with clean and accurate data [13].

b. Data Integration, data that has been collected from various sources from various sources is combined
into data set to ensure that all necessary information is collected [14].

C. Data Selection, the process of selecting and sorting relevant data for analysis, in this study namely
transaction data related to variables Recency, Frequency, and Monetary [15].

d. Transformation, the data is converted into a format that is appropriate for the analysis procedure to
be performed using an algorithm K-Means clustering.

e. Data Mining, the algorithm K-Means clustering applied to segment customers into several groups
based on their level of similarity. In this study, software Orange Data Mining is used to perform
analysis clustering.

f. Pattern Evaluation, results clustering evaluated using the method Silhouette Score to determine the
quality of the resulting groupings and ensure that the number of cluster what is created is optimal.

Algorithm Process K-Means

To perform the clustering process, the first step is to determine the desired number of groups (K).
After that, initialize the cluster centers randomly. Next, calculate the distance of each data from the cluster
center using the Euclidean Distance formula. The data is then classified into clusters based on the closest
distance to the cluster center. After classification, the position of the cluster center is updated by calculating
the average of the data in the cluster. This process is repeated from the step of calculating the distance to
updating the cluster center position until the center position does not change anymore, indicating that the
clustering process has reached convergence [16].

Flow Chart

Figure 1 Flow Chart is a visual representation of steps or processes in the form of a diagram
consisting of certain symbols. In this context, flow chart aims to illustrate the stages of research completion
from start to finish. The research began with a literature review and field observation, then continued with
formulating the problem and identifying operational variables. Furthermore, customer data was collected
which included information on name, last transaction, purchase frequency, and total purchase value. The
collected data was analyzed using Orange Data Mining software with an approach K-Means Cluster and
Silhouette Score to evaluate the validity of the results. If the results are valid, the next step is discussion
and preparation of conclusions and suggestions. The research process ends after all steps are completed.
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Fig. 1: Flow Chart
Source: Researcher (2025)

3. Results and Discussion
Customer Segmentation

Segmentation is the activity of dividing customers into several groups based on the level of customer
loyalty to design an effective marketing strategy. This is the first step in developing a business model [8].
Customer segmentation aims to divide customers into groups with similar needs and behaviors. Marketing
activities, such as communication, product or service offerings, and designed programs, become more
effective because they are tailored to the similarities in the needs and behavior of each segment [17].

Data Collection and Cleaning

Transactions in a certain period are collected for analysis. By utilizing transaction summary data
online from website companies in the period from January to October 2024 obtained from the Bottled Water
sales division. This process is carried out so that unavailable data or attributes can be eliminated [18]. It
can be seen in Figure 2. Bottled Water Transaction Data at PT XYZ A total of 2,845 transaction recaps
were successfully collected during this period.

A a

1 Nama Toko Satuan

2 Pembefian 1 20 267.287,20
I Pembelian 2 120 153.189,60
t Pernbefian 2 283.763,71
> Pembedan_ 1 25 33783775
2G42 Pembelian_2841 15 23648655
2645 Pemnbellan_2642 20 31531540
2644 Pembelian_2843 25 350.360,25
2845 Pernbellan_2644 23 33153143

Fig. 2: Bottled Water Transaction at PT XYZ
Source: Analysis Results (2025)

Data Integration

At this stage, merging transaction data from the same customer and customers who make transactions
more than once is a stage of the data integration process [19]. Before merging, the author first recorded
important information, such as the date of the last transaction made by each customer, the total number of
transactions issued by each customer, and the total shopping value collected during the analysis period,
namely from January to October 2024. This step aims to ensure that the merged data accurately reflects
customer transaction activity, which can be seen in Figure 3. Transactions from the Same Customer.

Satuan : Harga
10 fo 157,657, 0
1S Ra 136.486,55
15 R 202.702,55%
Oustomer_1 5 & 29129
5 Castames 3 17 JAS.044.97
) 3 Customer 1 ) 1?7 #o 145.0a4.87
Fig. 3: Transactions from the Same Customer
Source: Analysis Results (2025)
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Data Selection

Researchers select data that is considered relevant and can be used as variables for analysis [20]. In
Figure 4, transaction Data Recap Selection, it can be seen that the attributes that will be used in this study
are taken from the customer name and transaction amount attributes.

’A\ F.
f
4 Customer 1 Rp 157.657,70
5 Customer 1 Rp 236.486,55
6 Customer 1 Rp 202.702,65
7 Customer_1 Rp 222.972,90
& Customer_1 Rp 245.044,97
9 |customer_1 Rp 245.044,97

Fig. 4: Transaction Data Recap Selection
Source: Analysis Results (2025)

Data Transformation

At this stage, the data is converted into a format that is ready for further processing in data mining.
The author adds three new attributes, namely Recency(day), Frequency (number of transactions) and
Monetary (total spending), which is used to build the RFM model [21].

a. Recency, calculated by measuring the time difference between the customer's last transaction date
and the research date, which describes the time elapsed since the last transaction.

b. Frequency, describes how many times a customer made a transaction during the analysis period.

C. Monetary refers to the total customer expenditure throughout the analyzed period, calculated by

adding up all payments made by the customer [22].

14 ™~ J
Cundornme L 1 1 7.491.008,10
Cuontomner 2 4 3] 1110’2

| Cinbomer ) ] 1 2.1%4

Cantomer_4 2
105 Cestomer_tO4 4 45 138
110 Cstemer 108 i3 x 1387 -\5/' al
111 Cantorner _110 ! 0 9.035.81.56

Cintoemer 111 13} 19 B2220%840

Fig. 5: Attrlbute Creation Recency, Frequency and Monetary
Source: Analysis Results (2025)

After that, transaction data is merged to reduce redundancy. It can be seen in Figure 5. Attribute
Creation Recency, Frequency and Monetary, the data that originally amounted to 2.845 transactions, where
some customers were recorded more than once, after being combined into 111 transactions representing
111 unique customers. This merging process aims to avoid double recording and ensure that each
transaction data used represents a different customer, so that the analysis clustering which is done can
produce more accurate and optimal modeling.

Data Mining

In this study, the technique data mining applied using algorithms K-Means clustering, with the model
implemented through Orange Data Mining software. Figure 6, process Import Data is the first stage that
must be carried out, namely the researcher adds File Widget into the worksheet and import files data that
will be used for in depth research software Orange Data Mining.
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Fig. 6: Process Import Data
Source: Analysis Results (2025)

The next steps can be seen in Figure 7. Process Preview Data, at this stage the researcher added Data
Table Widget to check the preview of the data to be processed and ensure that no data is lost.
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Fig. 7: Process Preview Data
Source: Analysis Results (2025)

After verifying that the data is complete, the researcher proceeds to add K-Means widget which is
connected with Data Table Widget to carry out the clustering process using the algorithm K-Means. The
attributes used in this clustering include Recency, Frequency and Monetary. At this stage, the researcher
chooses the setting K-Means+ and enable the option maximum iterations with a maximum iteration limit
of 300 which can be seen in Figure 8. Settings K-Means Widget.

Fig. 8: Settings K-Means Widget
Source: Analysis Results (2025)

After the clustering process in Figure 8. Settings K-Means Widget above with data grouping into 4
categories cluster, obtained group results (cluster) 1 contains 57 data, group (cluster) 2 contains 46 data,
group (cluster) 3 contains 5 data, and group (cluster) 4 contains 3 data. Complete information regarding the
membership of each cluster can be seen in Table 1. Membership Table of Each Cluster which shows the
respective memberships cluster. Then the clustering results are presented using 3 methods, namely Scatter
Plot Figure 9, Silhouette Plot in Figure 10, and Box Plotin Figures 11, 12, and 13.
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Table 1. Membership Table of Each Cluster

Customer Cluster Member Cluster
1,4,5,6,7, 10, 13, 14, 15, 16, 17, 20, 21, 24, 28, 29, 30, 31, 32, 33, 35, 38, 39, 41, 42, 43,
Cluster 1 44, 45, 48, 49, 52, 56, 57, 58, 60, 61, 62, 63, 67, 70, 73, 74, 75, 77, 82, 85, 86, 87, 92, 94,

97, 101, 103, 104, 106, 109, 111. (57)
2,8,9,11,12, 18, 19, 22, 23, 25, 26, 27, 34, 36, 37, 40, 46, 47, 50, 51, 53, 54, 55, 64, 65,

Cluster 2 66, 68, 68, 71, 76, 77, 79, 80, 81, 84, 88, 89, 90, 91, 95, 96, 99, 100, 102, 108, 110. (46)
Cluster 3 3, 83, 93, 105, 107. (5)
Cluster 4 59, 72, 98. (3)

Fig. 9: Scatter Plot Results Cluster
Source: Analysis Results (2025)

Based on the visualization results scatter plot clustering using the RFM model in Figure 9. Scatter
Plot Results Cluster, customer data is grouped into several cluster which represents the characteristics of
customer behavior. On the X-axis (Frequency), the data reflects how often customers make purchases,
while the Y-axis (Recency) shows the time since the last transaction. The analysis results show that each
cluster has a unique pattern. Cluster the first cluster (C1) which is dominated by the blue circle is in the low
to medium frequency area and recency low. This shows that customers in this cluster have been actively
transacting recently but with a purchase intensity that is not too frequent. The second cluster (C2)
represented by the red cross symbol indicates customers with low frequency but have variation recency
higher. This indicates that customers in cluster this makes infrequent purchases with a more widely spread
transaction time pattern. Meanwhile, the third cluster (C3) represented by the green triangle is seen to be in
the high frequency area and recency high. Customers in cluster it has a significant purchasing pattern but
has not made any recent transactions for quite some time. This cluster is of particular concern for customer
reactivation strategies.

In addition, cluster others such as C4 (symbol "+") show unique distributions and may reflect
segments with certain characteristics, such as high loyalty or significant contribution to revenue. The
existence of outliers some cluster, such as points that are far from the center cluster, also indicates that there
are customers with very different purchasing behavior compared to other customers. This could be an
opportunity to develop a special personalization strategy. Overall, the results clustering helps PT XYZ
understand customer behavior based on the RFM model and identify key segments. More targeted
marketing strategies, such as loyalty programs for cluster with high frequency or reactivation campaigns to
cluster with recency high, can be applied to improve sales performance.

L]

Fig. 10: Silhouette Plot Results Cluster
Source: Analysis Results (2025)
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The results of the analysis using silhouette plot in Figure 10. Silhouette Plot Results Clustering above
shows the quality of separation between cluster in customer segmentation based on RFM model and
methods K-Means. Plot this illustrates the value silhouette for each data on each cluster, which reflects the
level of internal cohesion cluster and separation between cluster. Clusterl (C1), which is marked with a
blue bar, has a value of silhouette positive which is quite high and consistent. This shows that the members
in cluster these are well grouped, with spacing intra-cluster small and distance inter-cluster which is
significant to cluster other. This cluster can be interpreted as a group of customers with homogeneous
characteristics. Cluster 2 (C2), which is represented by the red bar, also has a value silhouette positive
which is quite good. However, there is a greater variation in values compared to C1, indicating that some
members cluster has a closer distance to other cluster.

This indicates the possibility of customers in C2 having similar characteristics to customers from
other cluster. Meanwhile, cluster smaller ones like C3 (yellow) and C4 (green) have shorter stems and
higher values silhouette which varies. This cluster appears to contain customer groups with less data and
more unique characteristics. Although they have positive silhouette, it should be noted that the internal
cohesion of these clusters may not be as strong as other cluster. Overall, most of the silhouette values are
positive indicating that the clustering method has produced a fairly good separation among the customer
segments. However, some cluster members with silhouette values close to zero or negative need to be
further analyzed as they indicate possible overlap between clusters. This provides an opportunity to re-
evaluate the optimal number of clusters or clustering parameters to improve customer segmentation
accuracy. These results provide strategic insights for PT XYZ to develop a more targeted approach to
customers based on their segments, focusing on improving customer experience and more personalized
marketing strategies.

Fig. 11: Box Plot of Recency Attribute Results
Source: Analysis Results (2025)

Fig. 12: Box Plot of Frequency Attribute Results
Source: Analysis Results (2025)

L

a

Figt 13: Box Plot of Monetary Attribute Results
Source: Analysis Results (2025)
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Table 2. Centroid Value of Each Cluster

Cluster Recency Frequency Monetary Rank
C1 6,86 19,07 Rp. 8.556.480 3
Cc2 6,00 33,20 Rp. 14.255.000 2
C3 31,40 18,60 Rp. 6.829.230 4
C4 6,67 45,67 Rp. 28.121.300 1

Based on the results listed in Table 3, Cluster 4 is the highest ranked customer group, with an average
recency value of 6,67; a frequency of 45,67 and a monetary value of Rp. 28.121.300. Cluster 2, which is
ranked second, has an average recency variable value of 6,00; a frequency of 33,20 and a monetary value
of Rp. 14.255.000. Meanwhile, Cluster 1 which is ranked third, has an average frequency value of 6,86; an
average frequency of 19,07 and a monetary value of Rp. 8.556.480. Finally Cluster 3, which is ranked
fourth, has an average frequency value of 31,40; an average frequency of 18,60 and a monetary value of
Rp. 6.829.230. Clustering with the RFM model results in customer segmentation in each cluster of the 111
Bottled Water sales transaction data analyzed. From the RFM model, customers who fall into the very loyal
category are in Cluster 4, with 3 customers. This is due to the fact that they have the highest frequency
value (number of transactions) and the largest amount of spending (total). Cluster 1 which consists of 57
customers, is considered a less potential customer as it has a lower RFM value than the customers in Cluster
4, and Cluster 2 which consists of 46 customers, is considered a loyal customer as it has a comparable RFM
value to the customers in Cluster 4.

Pattern Evaluation

The final stage is evaluation (pattern evaluation), which is the process of evaluating data that has
been visualized or modeled to assess the resulting patterns, ensure that the patterns are in accordance with
the analysis objectives, and identify the extent to which the patterns provide insight relevant, accurate, and
applicable in supporting effective decision making or strategy formulation [23]. In this study, the evaluation
of the clustering results was carried out using the method Silhouette Score. The purpose of this examination
is to find out whether the number of selected clusters provides the best segmentation results or not. The
main principle of the method Silhouette Scores that the higher score value indicates better clustering quality,
as it shows that the data in one cluster are more similar to each other and further away from each other.

o
Fig. 14: Evaluation Silhouette Score
Source: Analysis Results (2025)

Researchers conducted analysis on various types of cluster, ranging from two to five. The results of
the analysis showed that the group with 4 cluster have value Silhouette Score highest at 0.438, compared
to other groups. The results of this evaluation show that the division of data into four cluster resulting in
more discrete customer segmentation and higher uniformity within each cluster. Based on these results, the
most ideal configuration for the analyzed data is the division cluster into four groups. Figure 14 above
shows the details of the evaluation results using the method Silhouette Score.

4. Conclusion

To separate customers based on RFM features, K-Means clustering algorithm was successfully used.
Out of 111 data, dividing the data into 4 clusters with the Sillhouette Score method gave the best results.
Cluster 4 consists of highly loyal customers with high Monetary and Frequency scores, while Cluster 3
contains customers with lower Monetary and Frequency scores. Cluster 2 includes loyal customers with
characteristics similar to Cluster 4, and Cluster 1 consists of customers with lower potential. These
clustering results help management design marketing and business development strategies. This research
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has several limitations, such as the use of data that only covers the period January to October 2024 and the
dependence of K-Means on the selection of the number of clusters. For future research, it can be considered
to use other clustering algorithms and extend the data period, including external factors such as promotions
or seasons, to enrich the customer segmentation analysis.
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