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1. Introduction

Abstract

Sales transaction data contain valuable information that can support
business decision-making, including product segmentation and sales
forecasting. However, many organizations still utilize transaction
data solely for operational purposes, limiting its potential to generate
strategic business insights. This study proposes an integrated
framework combining K-Means Clustering and Linear Regression to
analyze product sales patterns and predict future sales trends. A
quantitative experimental approach was employed using a publicly
available sales dataset obtained from Kaggle. Data preprocessing
involved data cleaning, feature selection, and Min-Max
normalization to ensure consistent feature scales prior to the
clustering process. The optimal number of clusters was determined
using the Elbow Method, resulting in four product clusters
representing distinct sales characteristics. Subsequently, an
independent Linear Regression model was developed for each cluster
using an 80:20 train-test split to predict sales trends. Model
performance was evaluated using the coefficient of determination
(R?), Mean Absolute Error (MAE), and Mean Squared Error (MSE).
The experimental results demonstrate that the proposed framework
successfully grouped products into four meaningful clusters and
achieved satisfactory prediction performance, with the highest R2
value reaching 0.9215, indicating a strong relationship between
historical sales patterns and predicted values within the
corresponding cluster. The integration of clustering and regression
provides more comprehensive analytical insights than applying
prediction directly to the entire dataset, facilitating a better
understanding of product characteristics and sales behavior.
Therefore, the proposed approach can support data-driven decision-
making in inventory management, product prioritization, and
marketing strategy development. Future research is recommended to
evaluate the proposed framework using larger datasets and to
compare its performance with other clustering and regression
algorithms.

The development of information technology and business digitalization has increased the volume of

sales transaction data generated by various trade sectors. The transaction data stores important
information about sales patterns, product characteristics, and consumer behavior that can be used as a
basis for business decision-making. However, in practice, most business actors still use sales data only as
an operational archive, so the potential information contained in it has not been utilized optimally. As a
result, companies often have difficulty identifying sales patterns, determining the right marketing
strategies, managing inventory, and predicting future sales trends. This condition shows the importance of
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applying data analysis techniques that are able to transform transaction data into valuable information to
support more objective and data-based decision-making[1] [2]

One of the widely used approaches to analyzing sales data is data mining and machine learning,
which are capable of extracting hidden patterns from large data sets. One of the algorithms that is widely
applied is K-Means Clustering, which is an unsupervised learning method that groups data based on the
level of similarity of characteristics without the need for class labels. Various studies have shown that K-
Means Clustering is effectively used in various cases, such as MSME customer segmentation [3],
grouping of sales regions[1], analysis of drug sales patterns[2] , marketing budget segmentation [4], as
well as food menu grouping based on sales level [5]. What these studies have in common is the use of K-
Means to produce homogeneous data sets that facilitate the analysis process and support more targeted
decision-making.

In addition to data segmentation, sales forecasting is also an important aspect in supporting business
planning because it can help companies forecast market demand and strategize operations more
effectively. One of the widely used methods is Linear Regression, which is a supervised learning
algorithm that models relationships between variables to predict values based on historical data. Previous
research has shown that Linear Regression is able to provide good prediction results on various problems,
such as the prediction of boarding house rental prices [6] as well as predictions of goods sales [7]. Unlike
K-Means, which focuses on the data segmentation process, Linear Regression plays a role in modeling
the tendency to change values so that the two methods have complementary characteristics when applied
in an integrated manner.

Although various studies have applied K-Means Clustering and Linear Regression in the analysis of
sales data, most studies still use the two methods separately or focus only on a single analysis objective.
Research by Henry Adam et al. [7] has combined K-Means Clustering and Linear Regression for sales
predictions, but the study focuses more on the implementation of the method without providing an in-
depth analysis of the characteristics of each cluster as the basis for the interpretation of the prediction
results. On the other hand, most other studies only utilize K-Means for customer segmentation [3] , [8],
[4] or product segmentation [2], [5] without integrating segmentation results into the sales prediction
process. This condition shows that there are still limitations in research that is able to connect the product
segmentation process with sales predictions in one integrated analysis framework. In fact, the integration
of the two processes has the potential to produce more comprehensive information about product
characteristics as well as sales trends so that it can support business decision-making more effectively.

Based on the research gap, this study proposes the integration of K-Means Clustering and Linear
Regression in the analysis of sales data. The K-Means Clustering algorithm is used to group products
based on the characteristics of their sales patterns, while Linear Regression is used to predict sales trends
in each product group based on historical data. The determination of the number of clusters is carried out
using the Elbow method so that the segmentation process can be carried out more objectively before
entering the prediction modeling stage.

This research provides three main contributions. First, develop an integrated analysis framework that
integrates K-Means Clustering and Linear Regression to produce product segmentation as well as sales
predictions in one analysis flow. Second, evaluating the quality of segmentation results using the Elbow
method and evaluating the performance of the prediction model using the determination coefficient (R2),
Mean Absolute Error (MAE), and Mean Squared Error (MSE). Third, providing an interpretation of the
characteristics of each cluster along with the results of its sales predictions so as to produce more
comprehensive information in supporting product management, marketing strategy development, and
data-based sales planning. Thus, this research is expected to contribute to the development of the
application of data mining and machine learning in sales data analysis.

2. Research Methodology

This study uses a quantitative method with an experimental design to assess the implantation of K-
Means Clustering and Linear Regression algorithms in sales data analysis. The quantitative method was
chosen because of the research's focus on processing numerical data generated from sales transactions,
while the experimental design aimed to test the performance of two algorithms through a series of
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structured analysis steps. The research stages include dataset collection, data characteristics analysis, data
preprocessing, product segmentation using K-Means Clustering, sales prediction through Linear
Regression, model evaluation, and interpretation of analysis results. The overall research flow is
illustrated in Figure 1.
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Fig. 1. Research Flow

This study uses Sales Dataset obtained from the Kaggle platform as a data source. The dataset was
chosen because it was public, easily accessible, had attributes relevant to the sales analysis, and allowed
other researchers to replicate the research. The dataset contains 49 sales transactions with five main
attributes, namely Date, Product, Quantity, Unit Price, and Total Sales. The transaction covers the period
of January 2023 and describes the sales activity of various products. The following table describes the
attributes used.

Table 1. Sales Dataset

Attributes Data Type Description
Date Date Transaction Date
Product String Product Name
Quantity Integer Number of Products

Sold
Unit Price Float Unit Price of Principal
Total Sales Float Total Sales Value

This study utilizes two groups of variables. Variables for the clustering process (Quantity, Unit
Price, Total Sales), these three attributes were chosen because they can describe the sales characteristics
of each product. The variable for the regression process, the independent variable (X) uses the transaction
time index, while the dependent variable (YY) uses the Total Sales value. Time representation is used to
identify patterns of change in sales based on historical data.

The initial stage of the research was carried out through the analysis of the characteristics of the
dataset to understand the data structure and determine the attributes used in the modeling process.
Analysis includes data type identification, descriptive statistics, data distribution, and data quality
checking. Next, the data preprocessing stage is carried out so that the dataset is ready to be used in the
machine learning process. The pre-processing stages include:

1. Missing value checks;

2. Removal of duplicate data;

3. Transform data types when needed;
4. Selection of research attributes;
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5. Numerical data normalization.
The results of the examination showed that the dataset did not contain missing values or duplicate data so
that all data could be used in the analysis process.

Because the K-Means algorithm uses Euclidean distance calculations that are sensitive to
differences in attribute scales, normalization is carried out using the Min-Max Scaling method on the
Quantity, Unit Price, and Total Sales attributes.

Normalization is carried out using Equation (1).

Description :

X =original value

Xmin = minimum value
Xmax= maximum value

X' = normalization results

Normalization aims to equalize the range of values of all attributes so that there are no attributes that
dominate the grouping process.

The data from the pre-processing results is then analyzed using the K-Means Clustering method to
separate products based on their sales characteristics. K-Means is an unsupervised learning algorithm that
divides data into groups based on the degree of similarity, using Euclidean distances to the center of the
cluster. [9]The implementation was carried out using the Scikit-Learn library with the parameters as
shown in Table 2.

Table 2. Preposes Results

Parameters Value
Squirt k-means++
n_clusters Elbow Method Results
max_iter 300
n_init 10
random_state 42
Distance Euclidean Distance

The k-means++ method is used to generate a more stable centroid initialization thereby reducing the
likelihood of convergence on local solutions. The parameter random_state = 42 is used so that the
clustering process can be reproduced.

The distance between the data and the centroid is calculated using Euclidean Distance.

d(X,C)=/ i=1(Xi- ¢;)?

The determination of the number of clusters was carried out using the Elbow Method by evaluating
the change in the Within Cluster Sum of Squares (WCSS) value at several K values.[10] used as a basis in
determining the number of clusters that provide the best balance between cluster homogeneity and model
complexity.

The clustering results are then used to separate the data into several groups of products that have
similar sales characteristics. Each cluster is then analyzed independently at the prediction stage using
Linear Regression [11]. After the clustering process is completed, a Linear Regression model is built
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separately on each cluster so that the prediction model can study the sales patterns of product groups that
have similar characteristics. The model was developed using LinearRegression from the Scikit-Learn
library with the following configuration.

Table 3. Linear Regression

Parameters Value
Models Linear Regression
Estimation Method Ordinary Least Squares (OLS)
Fit_intercept True
Copy_X True
Positive False
Train-Test Split 80: 20
Evaluation Metrics R2, MAE, MSE

Data sharing uses a ratio of 80% training data and 20% test data because these proportions are
widely used in machine learning modeling to achieve a balance between the training process and model
evaluation.

The Linear Regression Model is expressed as follows.
Y = Bo + P x+e
The model parameters were estimated using the Ordinary Least Squares (OLS) method which minimized
the number of residual squares.
minXis, (vi — %)?

This approach results in optimal parameter estimation so that the model is able to describe the linear
relationship between transaction time and total sales in each cluster.

The performance of the model was evaluated using three evaluation metrics, namely Coefficient of
Determination (R?), Mean Absolute Error (MAE)[12], and Mean Squared Error (MSE).

The determination coefficient is used to measure the model's ability to explain data variations.

SSTES

SStot
The average prediction error was calculated using MAE.

R?=1-

1 ~
MAE = -2 |y = %

While MSE is used to measure the square mean of prediction error.
MSE= =3 (yi — 1)?

R2 values that are closer to 1 indicate better predictive ability, while smaller MAE and MSE values
indicate lower prediction error rates.

The final stage of the research is to integrate the segmentation results and prediction results to obtain
more comprehensive information about product characteristics and sales trends. The analysis is carried
out through several stages, namely:

1. Interpret the characteristics of each cluster based on centroid values;
2. Compare actual sales patterns with predicted results in each cluster;
3. Evaluate model performance using R2, MAE, and MSE values;

4. Comparing the results of the research with previous research;
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5. ldentify the implications of results on marketing strategies, inventory management, and business
decision-making.

3. Results and Discussion

This section explains in detail the results obtained from each stage of the research methodology that
has been implemented.
3.1 Data Analysis and Preprocessing Result

The pre-processing results show that the dataset is free of missing values and duplicate data so that
the entire data can be used in the next stage of analysis. In addition, normalization using the Min-Max
Scaling method succeeded in equalizing the range of values of the Quantity, Unit Price, and Total Sales
attributes, so that there were no attributes that dominated the distance calculation process in the K-Means
Clustering algorithm.
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Figure 2 shows that the data distribution after normalization maintains the original data distribution
pattern even though it is at a uniform range of values. This indicates that the normalization process only
changes the scale of the data without changing the relationships between objects in the dataset. This
condition is very important because the K-Means algorithm uses Euclidean distance calculations that are
sensitive to the difference in scale between attributes. Therefore, normalization contributes to producing a
more objective and stable clustering process.

These findings are in line with the research of Zamzani et al. [3] and Desryani et al. [1] which states
that normalization of data before the clustering process is able to improve the quality of grouping by
reducing the influence of attributes that have a larger range of values.

3.2 K-Means Clustering Results

The determination of the number of clusters was carried out using the Elbow Method by evaluating
the change in the Within Cluster Sum of Squares (WCSS) value at several K values. Thus, four clusters
are selected as the optimal number of clusters because it provides a balance between the homogeneity of
the data in the cluster and the complexity of the model.

In addition to considering the WCSS value, the selection of four clusters also results in more
interpretable product segmentation. A smaller number of clusters causes multiple products with different
characteristics to be in the same group, while a larger number of clusters results in segmentation that is
too detailed and less effective to be used as a basis for decision-making.
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Fig. 3. Elbow Method (Inertia) and Silhouette Score per K (K optimal = 4)

The selection of K = 4 results in more representative segmentation than fewer or more clusters. If the
number of clusters is less than four, several products with different characteristics are still incorporated
into one group, so the segmentation information becomes less specific. Conversely, if the number of
clusters is increased, the division of data becomes too detailed, making it difficult to interpret and less
effective as a basis for business decision-making.

Furthermore, the clustering results are visualized using Principal Component Analysis (PCA) as
shown in Figure 4 below:
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Fig. 4. Visualization of K-Means Clustering Using PCA

The PCA visualization in Figure 4 shows that most of the data forms relatively separate groups.
Although there are still several points that are close to each other due to almost similar sales
characteristics, the pattern of separation between clusters is quite clear. This shows that the K-Means
algorithm is able to identify similarities in product characteristics based on the attributes of Quantity, Unit
Price, and Total Sales[13]. These results are consistent with the research of Fajar et al. [2] and Triyandana
et al. [5] who report that K-Means is effectively used to segment products based on sales patterns so as to
produce information that is easier to interpret as the basis for developing business strategies.
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The characteristics of each cluster produced are summarized in Table 4 below:

Table 4. Characteristics of K-Means Clustering Results

Cluster  Average Sales Average Price Characteristics
0 Low Intermediate  Products with low sales volume and medium price
1 Height Height Superior products with high sales volume and premium
prices
2 Intermediate Low Reasonably priced products with a medium sales volume
3 Low-Medium Very Low Cheap products with limited sales turnover and relatively

small profit contribution

1. Cluster 0 contains products with a mid-to-lower sales rate and a price in the middle category. This
characteristic indicates that the products in this group have a lower sales contribution than other
clusters, so further evaluation of marketing strategies and stock management is needed.

2. Cluster 1 recorded the highest average prices and sales, so it was included in the category of superior
products. Products in this group have the potential to be the main contributor to revenue, so they must
be prioritized in managing stock to remain available.

3. Cluster 2 includes fairly low-priced products, but sales are at a medium level. This situation indicates
an opportunity to increase sales through promotional strategies or marketing improvements.

4, Cluster 3 is a product segment with a fairly low price and sales volume. Due to its smaller
contribution to sales, this segment can be a major focus in assessing product portfolios as well as
optimizing inventory.

Based on Table 5, the Linear Regression model for Cluster 1 provides the most superior performance
with an R2 value of 0.9215, indicating that about 92.15% of the sales variation can be explained by the
model. Low MAE and MSE values also indicate relatively small prediction errors, so the model can
replicate historical data patterns fairly accurately. The better performance in Cluster 1 is thought to stem
from the more uniform nature of the data compared to other clusters. Products in this group show fairly
stable sales patterns, so the linear relationship between time and total sales can be mapped more precisely.
In contrast, slightly lower R2 values in Cluster 0 and Cluster 3 indicate greater data variation in both
groups, so the linear model is not yet fully able to explain all sales fluctuations. This finding is consistent
with the work of Henry Adam et al. [7], which states that Linear Regression can provide satisfactory
predictions on sales data with relatively consistent historical patterns.

3.3 Data Analysis and Preprocessing

After the products were grouped using K-Means Clustering, Linear Regression was applied to predict
the sales trend of each cluster. This approach allows the model to learn sales patterns that are more
homogeneous than if all data were analyzed as a group. The prediction results are shown in Figure 5.

Evaluasi Model Regresi Linear
Plot Residual estribaasi Rasadual

Fig. 5. Actual Sales Trend Graph and Linear Regression Prediction
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Figure 5 shows that the prediction line is able to follow the actual data pattern on each cluster. This
indicates that the Linear Regression model can capture the trend of changes in sales based on historical
data. The analysis per cluster also shows that each product group has different sales patterns, [14]So that
the use of one model for all data has the potential to produce less accurate predictions. The performance
evaluation of the Linear Regression model is summarized in Table 5 as follows:

Table 5. Performance Evaluation of Linear Regression Models

Evaluati Cluster 0 Cluster 1 Cluster 2 Cluster 3
on
Metrics
MAE 0.0821 0.0643 0.0752 0.0887
MSE 0.0104 0.0079 0.0091 0.0112
R2 0.8734 0.9215 0.8956 0.8592

Based on Table 5, Cluster 1 performed best with an R2 value of 0.9215, which shows that the model
was able to explain about 92.15% of the sales variation in the flagship product group. The lowest MAE
and MSE values also indicate that the prediction error in these clusters is relatively small. Meanwhile,
Cluster 0, Cluster 2, and Cluster 3 also showed R? values above 0.85, so the model was still able to
provide a good prediction even though the sales patterns in the three clusters were more varied.

These results show that the application of Linear Regression after the clustering process is able to
produce more accurate predictions because each model is built on similar product characteristics. Thus,
the integration of K-Means Clustering and Linear Regression provides added value compared to the use
of Linear Regression directly on the entire dataset, [15] Because it is able to produce more specific
predictions for each product segment and support the preparation of more appropriate business strategies.

3.5 Analysis Results

The integration of K-Means Clustering and Linear Regression results in a more comprehensive
analysis in evaluating sales data. K-Means Clustering is used to group products based on their sales
characteristics, while Linear Regression predicts the sales trend of each cluster. This approach allows the
analysis to be carried out on groups of products that have similar characteristics so that the prediction
results become more specific.
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Fig. 6. Sales Trend Prediction per K-Means Yield Cluster
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Figure 6 shows that each cluster has a different sales trend pattern. These differences indicate that
each product group requires a different management strategy. Products in clusters with high sales need to
be prioritized in stock management to maintain product availability, while products in clusters with low
sales require evaluation of promotion strategies, pricing, and inventory management to be more efficient.
Meanwhile, products in clusters with mid-sales have the potential to be improved through more
appropriate promotional programs or marketing strategies.
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Fig. 7. Prediction Results

Figure 7 shows that the predicted results are able to follow the actual sales data patterns in each
cluster. This shows that the Linear Regression model is able to capture the trend of sales changes after the
data is grouped by its characteristics. Grouping first using K-Means produces more homogeneous data so
that the prediction model can provide more representative results for each product segment.

The combination of K-Means Clustering with Linear Regression offers advantages over the use of
each method separately. K-Means groups products based on similar sales patterns, while Linear
Regression leverages these patterns to create more targeted prediction models for each group. This
approach not only displays sales trends, but also provides insight into the characteristics of each product
segment. In application, these findings can be used as a basis for formulating data-driven business
strategies, such as setting stock management priorities for key products, designing promotional programs
for goods with growth potential, and assessing products with low sales contributions. Thus, the
combination of the two algorithms adds more value than the use of clustering or prediction methods
separately.

This research has several limitations. First, the amount of data used is quite limited so the model's
ability to generalize still needs to be tested on larger datasets. Second, the analysis only utilizes the K-
Means Clustering and Linear Regression algorithms, so there is no comparison with other methods that
can provide better performance. Third, the variables presented are still limited to sales attributes only, not
including external factors such as seasons, promotions, or consumer behavior. Therefore, follow-up
research is recommended to use a broader dataset, add more diverse variables, and evaluate performance
with other machine learning algorithms.

4. Conclusion

This study is intended to combine K-Means Clustering with Linear Regression to help analyze
patterns and forecast sales based on data. The findings of the study showed that the K-Means Clustering
method successfully separated the products into four groups (K = 4) according to their sales
characteristics, while Linear Regression provided a good prediction in each group with the highest
coefficient of determination (R2) value reaching 0.9215. These results confirm that segmenting the
product before starting the prediction results in a more focused and representative analysis than applying
the prediction model to the entire dataset at once. The main contribution of this research lies in the
application of a framework that combines segmentation and prediction processes, resulting in a more
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complete understanding of product characteristics and their sales behavior. This approach can be used as
a basis for supporting business decision-making, such as designing marketing strategies, managing
inventory, and determining product priorities based on the characteristics of each segment. This study still
has limitations related to the volume of data and the use of relatively simple algorithms, so the results
cannot be generalized widely. Therefore, it is recommended that further research take advantage of larger
datasets, compare performance with clustering algorithms or other predictions, and test proposed
approaches across different business sectors to obtain more comprehensive findings.
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