RRRRR

World Journal of Advanced Research and Reviews W,

eISSN: 2581-9615 CODEN (USA): WIARAI R vanced

Cross Ref DOL: 10.30574/wjarr Begews
WJARR Journal homepage: https://wjarr.com/ o
(RESEARCH ARTICLE) W) Check for updates

Targeted customer classification using machine learning techniques

Mrs. Vijayajyothi Chiluka, Pravalika Bandi *, Pranathi Enumula, Laxmi Sowjanya Korvi and Varun Teja Seelam
Department of CSE (Data Science), ACE Engineering College, Hyderabad, Telangana, India.

World Journal of Advanced Research and Reviews, 2025, 25(02), 174-183

Publication history: Received on 23 December 2024; revised on 01 February 2025; accepted on 03 February 2025

Article DOI: https://doi.org/10.30574 /wjarr.2025.25.2.0334

Abstract

Targeted Customer Classification Using Machine Learning Techniques aims to optimize marketing strategies through
data-driven customer segmentation and personalization. Traditional models, often limited by simplistic attributes like
income, fail to capture the nuanced behaviors and preferences of diverse customer bases, resulting in static clusters and
generalized offers that do not adapt to evolving consumer trends. To address these challenges, this project proposes an
advanced model leveraging machine learning for dynamic and precise customer classification. The system employs
KMeans clustering to segment customers into distinct groups based on demographic attributes such as age and
spending patterns. Following this, a Random Forest classifier is used to predict and classify new customers into these
predefined clusters. By tailoring personalized offers aligned with each cluster's characteristics, the system enhances
marketing efficiency, improves customer engagement, and drives sales. Implemented using Python-based frameworks
and integrated with a user-friendly interface, the model supports seamless data input and real-time predictions. This
approach empowers businesses to gain actionable insights and make more informed decisions. Future enhancements
include integrating real-time data processing, expanding feature sets, and exploring deep learning techniques to
improve segmentation and prediction accuracy further.

Keywords: Customer Segmentation; Machine Learning; KMeans Clustering; Random Forest Classifier; Personalized
Marketing

1. Introduction

In today’s competitive business environment, understanding customer behavior is crucial for personalized marketing
and effective decision-making. Targeted Customer Classification using Machine Learning enables businesses to segment
customers based on their purchasing patterns, demographics, and behavioral attributes. This approach helps in
identifying high-value customers, optimizing marketing strategies, and enhancing customer engagement.

Traditional customer segmentation methods rely on predefined rules, which may not capture complex relationships in
the data. Machine Learning (ML) techniques, such as clustering and classification, provide a data-driven approach to
segment customers dynamically. Clustering algorithms, like K-Means, group customers with similar characteristics,
while classification models, such as Random Forest, predict segment membership for new customers based on input
features.

This study applies K-Means clustering to categorize customers into distinct groups based on age and spending score,
followed by Random Forest classification to predict customer segments for new inputs. The proposed model enables
businesses to classify potential customers into targeted groups and provide personalized offers, improving customer
retention and revenue generation.The paper discusses the dataset selection, feature engineering, model selection, and
evaluation metrics used in the classification process. Experimental results demonstrate the effectiveness of the
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proposed model in accurately segmenting customers, making it a valuable tool for businesses looking to enhance their
marketing strategies.

Furthermore, the integration of machine learning in customer classification enhances decision-making by leveraging
data-driven insights rather than subjective assumptions. By analyzing key features such as age and spending score,
businesses can create tailored marketing campaigns, optimize product recommendations, and improve customer
satisfaction. The implementation of this approach using Flask ensures user-friendly interaction, allowing businesses to
input customer details and receive instant segment predictions. This research highlights the significance of ML-driven
customer classification in modern business strategies, showcasing its potential to revolutionize targeted marketing and
customer relationship management.

2. Related Work

The literature on customer classification and segmentation using Machine Learning (ML) highlights the growing
importance of data-driven marketing strategies. Foundational studies in customer segmentation, such as those by
Wedel and Kamakura in Market Segmentation: Conceptual and Methodological Foundations, establish the significance of
clustering techniques in consumer analytics. These studies emphasize the role of data mining in identifying purchasing
patterns and behavioral trends, which form the basis for modern classification models.

Building on these principles, recent research by Bhatia and Sinha explores advanced segmentation methodologies,
including K-Means clustering and hierarchical clustering, to analyze large-scale consumer datasets. Their work
underscores the effectiveness of unsupervised learning techniques in forming meaningful customer groups based on
purchasing behaviors and demographic attributes. The introduction of classification models, such as Decision Trees and
Random Forest, has further enhanced customer prediction capabilities, allowing businesses to tailor personalized
marketing strategies effectively.

Additionally, Huang et al. examine the impact of feature selection and dimensionality reduction in customer
segmentation. Their research highlights how Principal Component Analysis (PCA) and t-SNE improve clustering
performance by eliminating redundant features, thus optimizing computational efficiency. Similarly, Singh et al. focus
on supervised learning models, analyzing how classification algorithms, including Support Vector Machines (SVMs) and
Gradient Boosting, improve segmentation accuracy in real-world applications. These studies validate the role of
predictive analytics in customer classification, enabling precise targeting and enhanced decision-making.

Further advancements in ML-based customer classification integrate deep learning techniques and hybrid models.
Researchers such as Chen and Liu investigate Convolutional Neural Networks (CNNs) and Deep Autoencoders for
feature extraction, significantly improving segmentation quality in complex datasets. The application of transfer
learning and ensemble methods, including XGBoost and LightGBM, has addressed challenges related to class imbalance
and model interpretability. These developments contribute to the robustness and adaptability of targeted customer
classification systems, paving the way for real-world applications in retail, finance, and e-commerce.

Together, these studies provide a comprehensive understanding of ML-based customer classification, offering insights
into algorithm selection, implementation, and optimization. This research contributes to advancing intelligent
marketing systems, enabling businesses to enhance customer engagement, optimize resource allocation, and drive data-
driven decision-making with improved accuracy and real-time adaptability.

3. Existing System

Traditional customer classification relies on rule-based segmentation and statistical methods like RFM analysis, which
lack adaptability to dynamic customer behavior. Machine Learning (ML) techniques, such as K-Means clustering and
Decision Trees, have improved segmentation but still face challenges like rigid predefined rules and broad
categorization.

Most existing systems process data in batches, limiting real-time classification and personalized targeting. Additionally,
imbalanced datasets can bias predictions, reducing accuracy. While ML-based methods enhance segmentation, they still
struggle with adaptability, real-time processing, and fine-grained personalization, requiring more advanced approaches
for better results.
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4. Proposed Model

The proposed Targeted Customer Classification system enhances segmentation by integrating K-Means clustering and
Random Forest classification to improve accuracy and adaptability. Unlike traditional models, this approach
dynamically groups customers based on age and spending score, forming precise customer segments.

With a real-time classification system powered by Flask, users can input customer details and receive instant segment
predictions. The model addresses challenges like imbalanced data and broad categorization by ensuring well-
distributed clusters and refining feature selection. By leveraging machine learning techniques, the system provides
personalized marketing insights, improving customer engagement and business decision-making.

5. Methodology

The methodology for the Targeted Customer Classification system focuses on data collection, feature extraction, model
building, and real-time classification. The process ensures that the system provides precise, adaptable, and personalized
results for customer segmentation.

Below is a detailed explanation of each step involved:

Importing libraries

# for Data manipulation and analysis
import pandas as pd
import numpy as np

# for Data visualization
import matplotlib.pyplot as plt
import seaborn as sns

# for Machine learning algorithms and tools
from sklearn.preprocessing import StandardScaler
11 from sklearn.cluster import KMeans
12 from sklearn.model_selection import train_test_split
15 from sklearn.ensemble import RandomForestClassifier
14 from sklearn.metrics import accuracy_score, classification_report
15 from sklearn.preprocessing import OneHotEncoder

Figure 1 Libraries imported

5.1. Data Collection

Data collection forms the foundation of a robust classification model. The system utilizes customer data, such as age,
spending score, and other demographic details, to create accurate customer profiles.

5.1.1. Dataset Selection:

The system uses datasets containing customer features, including age, spending score, and similar attributes to form
distinct customer clusters.

5.1.2. Data Preprocessing:

Preprocessing includes handling missing values, normalizing numerical data, and encoding categorical variables.
Feature scaling ensures uniformity across attributes for better model performance.
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5.2. System Architecture

The Targeted Customer Classification system architecture illustrates the flow of data through various processing
components, enabling personalized recommendations based on user input such as age and spending score.

Training
Data

Figure 2 System Architecture

5.2.1. System Architecture Components

Input Module:The system accepts user inputs (age and spending score) through a user interface built using
Flask. This allows customers to input their details to receive personalized recommendations.

Customer Grouping Module:The system processes customer data using an algorithm to group users based on
similar features (age and spending score). The system assigns customers to one of the predefined segments,
which helps in determining the type of offers they are eligible for.

Prediction Module:This module uses Random Forest to evaluate the relationship between the user’s features
(age and spending score) and the resulting customer categories. The system determines which category the
customer most closely aligns with based on the given inputs.

Recommendation Module:Once the customer is assigned to a group, the system generates tailored offers
based on predefined criteria for that group.

User Interface (UI):The recommendations are displayed to the user in an easy-to-understand format via the
UL

Output:After the prediction is made, the system shows the recommended offers in real-time through the UL

5.3. Model Development

The Model Development phase focuses on building a robust model capable of grouping customers into meaningful
segments and predicting personalized offers based on their behavior.

5.3.1. Data Preparation:

The dataset includes customer information such as age and spending score. Data preprocessing is performed to ensure
consistency and quality.
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Figure 3 KMeans Clustering

5.3.2. Model Selection

K-Means Algorithm an unsupervised algorithm is used for grouping customers based on similarity in their age and
spending score. Random Forest, after grouping customers into segments, the Random Forest model is applied to predict
the customer's group based on new input data.

KMeans clustering

I # Apply KMeans clustering on the training set
kmeans = KMeans(n_clusters=9, random state=42)
kmeans.fit(X train)

C:\Python31@\1lib\site-packages\sklearn\cluster\_kmed
to 'auto' in 1.4. Set the value of "n_init™ explicit
warnings.warn(

\ KMeans

KMeans(n_clusters=9, random_state=42)

Figure 4 KMeans Clustering

5.3.3. Training:

The training dataset is split into subsets (training, validation, and test sets). The model is trained on the training set and
evaluated using the validation set. Cross-validation ensures that the model generalizes well to new, unseen data. Metrics
such as accuracy, precision, and recall are used for evaluation.
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Random Forest Classification

Model Training

# Prepare features and target variable
features = data[['Age’, '"Spending Score (1-10@)']] # Add other features if needed

target = dijl_;l[lf luster Label ']

# Split the dotaset into training ond testing sets
X _train, X test, y train, y_test = train_test_split(features, target, test_size=9.2, random_state=42)

$ad @ " .
# Imtiralrzre the classifier

classifier = RandomForestClassifier(random_state=42)

Fa

# Troin the classifier
classifier.fit(X_train, y_train)

# Maoke predictions on the test set

v pred = classifier.predict(X _test)

Figure 5 Model Training

5.3.4. Testing

After training, the model is evaluated on the test set to ensure its effectiveness in predicting new customer segments.
Confusion Matrix and other evaluation metrics are used to assess how well the model is performing.

5.4. Real-Time Data Processing

This step ensures the system operates effectively in a real-time environment.

5.4.1. Input Capture

The user enters their age and spending score through a simple form in the Flask UL This real-time input is processed
immediately by the system.

5.4.2. Data Flow

Upon submission, the input data is processed in real-time, The Prediction Module receives the input and feeds it into
the trained Random Forest model for immediate classification, The system quickly processes the data and determines
the customer’s assigned group (segmentation).

5.4.3. Output Processing

The Prediction Module generates the output (predicted group), which is passed to the Recommendation Module. Offer
Recommendations are generated based on predefined criteria for the respective group.

5.5. Visualization

Delivering results in a user-friendly manner is crucial for system usability.

5.5.1. Real-Time Display

Developed a graphical user interface (GUI) using tool like Flask The Ul includes fields where the user can enter their age
and spending score. Upon submitting this information, the system will process the data and display the predicted group
and recommended offers in real time.
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6. Results and Discussion
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Figure 7 Middle Age and Medium Spender
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Figure 8 Old age and medium spender

7. Conclusion

In conclusion, the Targeted Customer Classification Using Machine Learning Algorithms project provides an effective
solution for segmenting customers based on their age and spending score, enabling businesses to deliver personalized
recommendations that enhance customer engagement. By leveraging KMeans clustering for segmentation and Random
Forest for classification, the system accurately categorizes customers into meaningful groups, allowing businesses to
target specific customer segments with tailored offers. The integration of a user-friendly Flask interface ensures smooth
interaction making the system intuitive and efficient. This project highlights the potential of machine learning in
optimizing marketing strategies, improving customer experiences, and driving business growth by enabling data-driven
decision-making.
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