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Article Info ABSTRACT

Article history: There are various techniques to classify data, one of which is
clustering. What distinguishes clustering techniques from
classification techniques is that they do not rely on the labels in the
dataset. The main purpose of clustering is to divide data into several
clusters based on similar characteristics, while Classification
Technique is a technique of grouping data based on the similarity of
Keywords: the labels of the data under study. In this study, the dataset was
created using secondary data from Kaggle. The analysis process
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Data mining begins with data pre-processing to normalize the variables used,
K-Means - .
followed by the application of the K-Means Clustering method to
Elbow method . L :
. group customers into several clusters based on the similarity of their
clustering

purchasing patterns. This research demonstrates the potential of
using clustering analysis to improve understanding of customer
behaviour and develop more effective business strategies.
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1. Introduction

In the era of digital transformation, the global economy is shifting towards a data-driven
model, often referred to as the data-driven economy. In this model, data becomes one of the
most valuable assets for organizations and businesses. Data is used to support decision-
making, improve operational efficiency, and design more effective marketing strategies. One
important element in the data-driven economy is the ability to understand customer
behaviour through the analysis of data generated from their transactions.

In the world of data analysis, data mining plays a very important role. Data mining is an area
of intersection between computer science and statistics that is used to find patterns in
information. The main goal of the data mining process is to extract useful information from
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data files and shape it into an understandable structure for future use [1]. Some of the main
methods in data mining include predictive analysis, classification, regression, association, and
clustering. One of the most frequently used methods for customer segmentation purposes is
clustering, Clustering is one of the various techniques in data grouping. Clustering is a process
for grouping data into several clusters or groups so that data within a cluster has the
maximum level of similarity and data between clusters has minimum similarity [2]. With the
Clustering Technique, researchers are facilitated in the process of grouping datas that has
similarities. Clustering can also be interpreted as a data segmentation method that is
implemented in several fields, including marketing, financial analysis [3].

One of the most popular clustering algorithms is K-Means Clustering. This algorithm works by
dividing data into a number of clusters [4], based on the similarity of predefined features or
attributes. K-Means was chosen as the method in this study due to its simplicity, processing
speed, and ability to identify patterns in large datasets. With this algorithm, customers can
be grouped based on their purchasing behaviour, so that companies can identify customer
segments more clearly. This research uses a dataset that includes attributes such as
Customer_ID, Price_per_Unit, and Units Sold to analyse customer purchasing patterns.

2. Method

This research is divided into several stages which can be seen in Figure 1.
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Figure 1 Research flowchart

To make this research more systematic, the sections contain; data collection by searching
data from the Kaggle website. The second is data preprocessing which aims to normalize data
on Google Collab using MinMaxScaler included in preprocessing because it aims to prepare
data so that the K-Means algorithm can work optimally. The third is the data analysis stage in
Google Collab using the K-Means algorithm. And the last is the analysis of each cluster.
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Data Collection

The data taken is secondary data. Secondary data is data taken from data archives, usually
taken from the internet [5]. On this article I'm taking data from the Kaggle website named
“Houseware_Retail_Sales_Data_Updated.csv” which is household appliance sales data.

Data Preprocessing

Data preprocessing is an important stage in the data mining process. There are two objectives
in using data preprocessing, which are to solve problems in the data, and to learn more about
the nature of the data [6]. Data preprocessing involves data preparation, data cleansing,
normalization, and data transformation. The result is expected to be correct data and can be
used for data mining algorithms which in this research | use the K-Means algorithm [7].

Result Analysis

At this stage, the data from the existing clusters will be analysed. This stage will also identify
the characteristics of each cluster that can later be used to create a marketing strategy for
each market segmentation.

3. Results and Discussion

In this section, it is explained the results of research and at the same time is given the
comprehensive discussion.

3.1. Data Collection

The data obtained from Kaggle is secondary data. The data retrieved contains the attributes
Customer_ID, Product_ID, Transaction_Date, Price_per_Unit, Units_Sold with a total of
51425 data from home appliance sales.

3.2. Data Preprocessing

This research will use google Collab as a data processing tool to help researchers to clustering
the data. The first step we do is to see if there are missing values contained in the data we
want to process. We can see the process using google Collab as shown in Figure 2.
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rt pandas as pd
> P P

df = pd.read csv(

missing values count = df.isnull().sum()

missing values count

]
Customer_ID
Product_ID
Transaction_Date
Price_per_Unit

Units_Sold

ditype: int64

Figure 2. Identify missing value

In the data there are no missing values, so the next step is selecting data that is relevant to
the research which can be seen in Figure 3.

Custoser ID Product ID Transaction Date Price _per Unit Units Sold
g4 2020-01-01 43243
1.01 20812
G-01-01 70374
2020-01-01 60.02

2020-01.01 658.94

Figure 3. Import library and showing data

After inputting all the libraries, the next step we’re going to do is choosing the relevant data
for clustering as you can see in Figure 4.

Customer_ID Price_per_Unit Units Sola
384 43283 6
20312 10

70374

8002

65894

Figure 4. Selecting relevant data for clustering
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Next is to normalize using StandardScaler so that each data is on the same scale which can be
seen in Figure 5.

Figure 5. Data normalize

The data normalization process starts here. StandardScaler is used to normalize the data to
be on the same scale. StandardScaler expects your information to be normally adjusted within
each component and will scale it such that its current distribution hovers around 0, with a
standard deviation of 1 [8]. fit_transform() is used to learn and apply the transformation to
the same dataset in a one-time manner [9] so that the data has a mean of 0 and a standard
deviation of 1. After normalizing the data, we can continue clustering the data using K-Means
Algorithm, showed on Figure 6.

Customer ID Product ID Transaction Date Price _per Unit Units Sold

1286 02 43283

20012
708.74
20200101 6002

220010 65894

Figure 6. Clustering the data using K-Means

And the next step is to identify the silhouette score. silhouette score method, which is a
measure of the quality of a cluster, was used to find the mean silhouette co-efficient of all the
samples for different number of clusters.

23



n_clusters

n_clusters = 3,

n_clusters

n_clusters =

n clusters

Silhouette

Silhouette

, Salhouette

Silhouette

, Silhouette

, Silboustte
8, Silhouet

, Silhouette

Score

Score = ©

Score =

Score

0. 36484074856537474

Figure 7. Silhouette score

The highest silhouette score indicates the optimal number of clusters [10]. Silhouette score
values lie between -1 to +1. The value of +1 indicates correct clustering of objects while the
value of -1 show that objects are not properly clustered [11]. We can see on Figure 7, that 4
number of clusters is having the highest silhouette score than the other, so we can conclude
that 4 clusters is the most ideal cluster. To help validate the most optimal number of clusters,
we will use the elbow method. The elbow method is an approach to provides data for
determining the most optimal amount of clusters through observing the percentage of the
comparison between the number of clusters that would create an elbow at one location [12].
As you can see on Figure 8.
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As you can see in Figure 8, the number of clusters closest to the 90-degree angle is in the
number of clusters 4, therefore it can be stated that the number of clusters 4 is the most
optimal. The last step is to analyse each cluster as shown in Figure 9.

Price_per_Unit Units_Sold

mean std mean std
Cluster

252.599645 143.692208 7916032 1394818

736.778932 145619573 3.214849 1.499627

760911337 147868775 B.148540 1431873

255697015 144227757 2886916 1411894

Figure 9. Cluster analysis

Group by ('Cluster') groups the data by cluster. The agg function calculates descriptive
statistics for each cluster, such as the average product price and the number of units sold.

Table 1. Descriptive statistics of cluster analysis

Cluster Price_per_Unit (Mean) Price_per_Unit(Std) Units_Sold(Mean) Units_Sold (Std)
0 252.60 143.69 7.92 1.39
1 736.78 145.62 3.21 1.50
2 760.91 147.87 8.15 1.43
3 255.70 144.23 2.89 1.41

3.3. Result Analysing
The descriptive statistics for each cluster are summarized in Table 1.

1. Cluster 0: Customers who purchase products at lower prices and buy more units per
transaction. (More affordable prices and more purchases)

2. Cluster 1: Customers who buy higher priced products but purchase fewer units.
(Premium products and fewer purchases)

3. Cluster 2: Customers who purchase products at a high price and purchase more units
per transaction. (Premium products with bulk purchases)

4. Cluster 3: Customers who purchase products at lower prices but purchase fewer units
per transaction. (Affordable products with fewer purchases)

4. Conclusion

In this analysis, we used K-Means clustering to segment customers based on their purchasing
behaviour. The dataset included data on Price_per_Unit and Units_Sold, and after
preprocessing (handling missing values and normalizing the data), we applied K-Means to
create clusters. We determined the optimal number of clusters using the Elbow Method and
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chose 4 clusters, which gave a moderate Silhouette Score of 0.42. This score suggests that the
clusters are somewhat well-separated but could be improved. The four clusters identified

were:
1. Cluster 0: Customers who buy cheaper products in larger quantities.
2. Cluster 1: Customers who buy expensive products in smaller quantities.
3. Cluster 2: Customers who buy expensive products in larger quantities.
4. Cluster 3: Customers who buy cheaper products in smaller quantities.

These insights can help businesses create targeted strategies, such as promotions and product
recommendations, based on customer buying behaviour. Although the clustering results are
good, further adjustments might help improve the separation between the clusters.
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