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ABSTRACT

In the competitive landscape of financial services, understanding customer behavior is paramount for
effective marketing strategies and personalized services. This study explores customer segmentation
techniques applied to credit card holders utilizing a rich dataset comprising demographic, transactional,
and behavioral information. Through advanced data analytics, including clustering algorithms and
machine learning models, we unveil distinct customer segments based on spending habits, payment
behavior, credit utilization, and other relevant features.

Our findings reveal several distinct segments within the credit card holder population, each exhibiting
unique characteristics and preferences. By delineating these segments, financial institutions can tailor
their marketing campaigns, product offerings, and customer service initiatives to better meet the diverse
needs of their clientele. Moreover, the segmentation analysis provides insights into risk assessment,
fraud detection, and customer retention strategies, thus enhancing overall business performance and
customer satisfaction.

KEYWORDS: Marketing Strategies, Personalized Services, Risk Assessment and customer
relationship management

CHAPTER 1

INTRODUCTION

1.1 Introduction

In the ever-evolving landscape of financial services, understanding the diverse needs and preferences of
customers is paramount for the sustained success of any institution. Among the myriad of financial
products available, credit cards stand out as one of the most ubiquitous and versatile tools for consumers.
However, the one-size-fits-all approach to marketing and service provision is no longer sufficient in
meeting the expectations of today's discerning clientele.

Customer segmentation has emerged as a pivotal strategy for financial institutions to gain deeper
insights into their customer base and tailor their offerings accordingly. By grouping customers with
similar characteristics and behaviors into distinct segments, financial institutions can devise targeted
marketing campaigns, optimize product features, and enhance customer satisfaction levels.

This documentation explores the intricacies of customer segmentation within the realm of credit card
holders. Leveraging advanced data analytics techniques, including clustering algorithms and machine
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learning models, we delve into the wealth of data available from credit card transactions, demographic
information, and behavioral patterns. Through this comprehensive analysis, we aim to uncover the
underlying trends and preferences among credit card holders, ultimately guiding financial institutions in
crafting more effective marketing strategies and personalized service offerings.

By understanding the unique needs and behaviors of different customer segments, financial institutions
can not only improve customer satisfaction but also mitigate risks, detect fraud, and bolster customer
retention efforts. This documentation serves as a roadmap for financial professionals seeking to harness
the power of data-driven customer segmentation to thrive in today's competitive marketplace.

1.1.1 Problem Statement

In the dynamic landscape of the financial sector, credit card companies face the challenge of catering to
diverse consumer needs and preferences. The one-size-fits-all approach to credit card services proves
increasingly outdated, necessitating a more nuanced understanding of the market. Despite existing
literature on market segmentation, there is a gap in tailored insights specific to credit card users. This
project seeks to address this gap by employing advanced segmentation techniques to categorize credit
card users based on their behaviors, spending patterns, and demographics. The aim is to provide credit
card providers with actionable insights, enabling them to tailor their offerings more effectively and
enhance customer satisfaction.

1.2 Objectives

Enhanced Marketing Effectiveness: Develop targeted marketing campaigns tailored to the specific
needs, preferences, and behaviors of different customer segments. By understanding the unique
characteristics of each segment, financial institutions can communicate more effectively, leading to
higher response rates and improved campaign ROI.

Improved Product Development: Identify opportunities for product innovation and customization by
analyzing the distinct requirements of various customer segments. By understanding what features and
benefits resonate most with each segment, institutions can develop tailored products and services that
better meet customer needs.

Optimized Customer Service: Enhance customer service experiences by tailoring interactions based on
segment-specific preferences and behaviors. By understanding the communication channels, support
options, and service expectations of different segments, institutions can deliver more personalized and
satisfactory customer experiences.

Risk Mitigation and Fraud Detection: Segment customers based on risk profiles and detect anomalous
behaviors indicative of potential fraud or credit risk. By identifying high-risk segments and monitoring
their activities more closely, institutions can mitigate losses and protect against fraudulent activities.
Increased Customer Retention: Develop targeted retention strategies to reduce churn and improve
customer loyalty within each segment. By understanding the reasons behind customer attrition and the
unique needs of different segments, institutions can implement proactive retention initiatives to
strengthen customer relationships and increase retention rates.

1.3 Organization Of Thesis

The following is the format of the thesis which is outlined in five chapters. A brief description of each
chapteris as follows:

The first chapter consists of the Introduction, Objectives, and Organization of Thesis. Second chapter

IJFMR240631732 Volume 6, Issue 6, November-December 2024 2



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

contains the Literature Survey. This chapter focuses on the areas such as the Existing System, and the
Problemswith the Existing System. Third chapter explains about the Proposed System. Here, we talk
about what the Proposed system can do, the Problem Statement and the System Architecture. Fourth
chapter is about the Methodologies used. It explains about the various kinds of methods used in this
project and about the various Technologies used. Fifth chapter is the Implementation. It tells us about
the Requirements (both Hardware Requirements and Software Requirements), the Code Snippets
explaining the main parts of the project with code, and the Execution part. Finally, the Sixth chapter
talks about the Result Analysis and Conclusion. Here, we can see the Result Analysis, Conclusion on the
Results obtained and Future Enhancement which is followedby references.

CHAPTER 2

LITERATURE SURVEY

The literature survey serves as a foundational exploration of credit card market segmentation, offering
insights into its historical evolution, theoretical underpinnings, methodologies, key findings, and existing
gaps. This comprehensive overview aims to inform the current study's unique contribution and its
significance in the broader context of credit card user segmentation.

Historical Overview : A historical perspective on credit card market segmentation reveals its evolution
alongside advancements in the financial sector. Initially, credit cards operated on a standardized
model, butthe increasing diversity of consumer needs prompted a shift towards more targeted strategies.
Historical milestones include the introduction of customized card offerings, reward programs, and the
utilization of technology to gather customer data for segmentation purposes. Understanding this
evolution is vital for appreciating the complexities of contemporary credit card market segmentation.
Theoretical Frameworks and Methodologies : The literature explores various theoretical frameworks
and methodologies employed in market segmentation studies within the financial industry. Notable
frameworks include behavioral segmentation, based on consumer behavior patterns, and demographic
segmentation, which considers variables such as age, income, and occupation. Methodologically, studies
have employed both quantitative and qualitative approaches. Quantitative methods involve statistical
analyses of large datasets, while qualitative methods delve into the subjective aspects of consumer
behavior through interviews and focus groups. Evaluating the strengths and limitations of these
frameworks and methodologies provides a foundation for understanding the landscape in which the
current study operates.

Key Findings : A synthesis of key findings from existing literature on credit card market segmentation
reveals valuable insights. Studies consistently identify segments based on spending behavior, with
categories such as "frequent travelers,” "rewards enthusiasts,” and "budget-conscious users." Behavioral
factors, such as preferred spending categories and payment habits, emerge as significant determinants
in segmenting credit card users. Additionally, demographic characteristics, such as age and income,
often play a role in defining segments. The consistency of these findings across diverse studies
underscores the robustness of certain segmentation factors in the credit card industry.

Gaps in Existing Literature : Despite the wealth of research, gaps persist in the current understanding
of credit card market segmentation. Many studies focus on broad consumer behaviors without delving
into the intricacies of credit card-specific usage patterns. Limited attention has been given to emerging
segments influenced by technological advancements, such as users who prioritize digital wallets or
contactless payments. Additionally, there is a need for more research exploring the impact of
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external factors, such as economic trends or global events, on credit card user preferences.
Addressing these gaps is crucial for enhancing the applicability and relevance of segmentation
strategies in the modern credit card landscape.

Significance of the Current Study : This study fills identified gaps by applying advanced segmentation
techniques to offer a nuanced understanding of credit card users. The unique contribution lies in the
incorporation of contemporary factors, such as digital payment preferences and responses to economic
shifts. By addressing these aspects, the study aims to provide credit card providers with actionable
insights for tailored service offerings, ultimately contributing to improved customer satisfaction and
market competitiveness.

Conclusion : In conclusion, this literature survey provides a comprehensive overview of credit card
market segmentation, encompassing historical developments, theoretical frameworks, methodologies,
key findings,and existing gaps. The synthesis of existing knowledge establishes the foundation for the
current study, positioning it as a valuable contribution to the evolving field of credit card user
segmentation.

CHAPTER 3 EXISTING SYSTEM

3.1 Introduction

The existing system of customer segmentation typically involves a combination of traditional and
advanced analytics techniques, tailored to the specific needs and capabilities of each financial institution.
Here's an overview of the components commonly found in such systems:

Data Collection: Financial institutions gather data from various sources, including customer
transactions, demographic information, credit history, customer service interactions, and external data
sources. This data forms the foundation for segmentation analysis.

Data Preprocessing: Raw data is processed and cleaned to remove errors, inconsistencies, and missing
values. Data preprocessing also involves transforming and standardizing variables to prepare them for
analysis.

Segmentation Methodologies: Financial institutions employ various segmentation methodologies to
group customers based on similar characteristics, behaviors, and preferences. Common techniques
include demographic segmentation, behavioral segmentation, psychographic segmentation, and RFM
(Recency, Frequency, Monetary) analysis.

Clustering Algorithms: Advanced analytics techniques such as clustering algorithms (e.g., k-means,
hierarchical clustering) are utilized to automatically identify clusters or segments within the customer
data. These algorithms group customers into segments based on similarity in their attributes or
behaviors.

Machine Learning Models: Machine learning models, such as decision trees, random forests, and
neural networks, are employed to predict customer segment membership or to classify new customers
into existing segments. These models leverage historical customer data to identify patterns and make
predictions.

Segment Profiles: Once segments are identified, profiles are created for each segment, detailing their
unique characteristics, preferences, behaviors, and needs. These profiles help in understanding the
distinct requirements of each segment and in tailoring marketing strategies and product offerings
accordingly.

Implementation and Integration: Segmentation results are integrated into various business processes,
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including marketing campaigns, product development, customer service, and risk management.
Segmentation insights inform decision-making across the organization and drive targeted actions to meet
the needs of different customer segments.

Evaluation and Optimization: The segmentation system is continuously evaluated and optimized to
ensureits effectiveness in meeting business objectives. Metrics such as segmentation accuracy, campaign
ROI, customer satisfaction, and revenue growth are monitored to assess the performance of the
segmentation strategy and make refinements as needed.

Overall, the existing system of customer segmentation combines data-driven analytics techniques with
domain expertise to identify and understand the diverse needs of customers, enabling financial
institutions to deliver personalized experiences and drive business growth.

3.2 Drawbacks of Existing System

The existing system of customer segmentation, while valuable, does have its drawbacks. Here are some
common ones:

Limited Data Integration: Many systems rely on limited data sources, such as transaction history or
demographics, which might not provide a holistic view of the customer. They often lack integration with
diverse data sets like social media behavior, browsing history, or customer feedback.

Static Segmentation: Traditional segmentation models often create static segments that don't adapt well
to changes in customer behavior or preferences over time. This can lead to outdated insights and
ineffective targeting.

Overgeneralization: Some segmentation methods tend to oversimplify customer diversity, leading to
overly broad segments that don't effectively capture the nuances of individual preferences. This can
result in generic marketing strategies that fail to resonate with specific customer groups.

High Cost and Complexity: Implementing and maintaining sophisticated segmentation systems can be
costly and complex, especially for smaller businesses with limited resources. It often requires
specialized skills and ongoing investments in technology and analytics.

Privacy Concerns: As segmentation relies heavily on customer data, there are growing concerns about
privacy and data protection. Customers may feel uncomfortable with how their personal information
is usedfor segmentation purposes, leading to trust issues and potential regulatory challenges.

CHAPTER 4 PROPOSED SYSTEM

4.1 Introduction

A proposed system for customer segmentation would aim to overcome the limitations of existing
systems while leveraging advanced techniques to provide deeper insights and more effective targeting.
Here's an outline of such a system:

1. Data Integration and Enrichment: The system would integrate data from diverse sources,
including transaction history, demographics, website interactions, social media activity, customer
support interactions, and third-party data sources. This comprehensive data set would provide a holistic
view of each customer's behavior, preferences, and needs.

2. Advanced Analytics and Machine Learning: Utilize advanced analytics techniques, such as
machine learning algorithms, to analyze the integrated data and identify meaningful patterns and
correlations. This could include clustering algorithms to automatically identify distinct customer
segments based on behavioral similarities, as well as predictive modeling to forecast future behavior and

IJFMR240631732 Volume 6, Issue 6, November-December 2024 5



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

identify potential high-valuesegments.

3. Dynamic Segmentation: Implement a dynamic segmentation approach that continuously updates
and refines customer segments based on real-time data inputs. This ensures that segments remain
relevant and responsive to changes in customer behavior, market trends, and business objectives.

4. Personalization and Customization: Tailor marketing messages, product recommendations, and
customer experiences to the specific needs and preferences of each segment. This could involve
personalized email campaigns, targeted advertising, dynamic website content, and customized product
offerings.

5. Privacy and Data Governance: Implement robust data governance practices and compliance
measures to ensure the ethical and responsible use of customer data. This includes obtaining explicit
consent for data collection and processing, anonymizing sensitive information, and adhering to relevant
privacy regulations such as GDPR or CCPA.

6. Performance Measurement and Optimization: Regularly monitor the performance of
segmentation strategies and marketing campaigns, using key performance indicators (KPIs) such as
customer acquisition, retention, conversion rates, and lifetime value. Continuously optimize
segmentation models and marketing tactics based on performance insights and feedback loops.

7. Scalability and Accessibility: Design the segmentation system to be scalable and accessible to users
across the organization, from marketing and sales teams to product developers and customer service
representatives. Provide user-friendly interfaces and dashboards for visualizing segmentation results and
generating actionable insights.

By implementing such a system, businesses can unlock the full potential of customer segmentation to
driverevenue growth, improve customer satisfaction, and foster long-term loyalty

4.2 System Architecture
4.2.1Working Structure of customer segmentation:

« Are they price sensitive?
* Are they more or less likely to be risk-averse?
« How confident are they about financial matters? 3 * Do members of their household have
* What qualities do they value? an existing relationship with your

: institution or with other institutions?

* Did they recently graduate from school?
« Did they recently get married?
« Do they have any children, or do they intend to
have any in the near future?
* Did they recently become a homeowner?

* Do they prefer to handle things on their own or | « How do they prefer to conduct transactions
do they appreciate a helping hand? and interact with customer service?

* How frequently do they visit branches? « Are they an early adopter of new technology?

« Which products do they currently have? * Do they use social media?

The system architecture of customer segmentation typically involves several interconnected
components andlayers to collect, process, analyze, and utilize data effectively. Here's an overview of a
typical architecture:

Data Sources:

Internal Sources: Transactional data, customer relationship management (CRM) systems, customer
serviceinteractions, website analytics, product usage data, etc.

External Sources: Social media data, third-party demographic data, market research data, etc.
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Data Ingestion and Integration:

Data is ingested from various sources and integrated into a centralized data repository or data lake.
This stepinvolves data cleansing, transformation, and normalization to ensure consistency and quality.
Data Storage:

The integrated data is stored in a scalable and flexible data storage solution, such as a data warehouse
or a big data platform. This allows for efficient retrieval and analysis of large volumes of data.

Data Processing and Preparation:

Data processing pipelines are used to preprocess and prepare the data for analysis. This may involve
feature engineering, dimensionality reduction, outlier detection, and other data preparation tasks to
extract meaningfulinsights.

Segmentation Algorithms:

Advanced analytics and machine learning algorithms are applied to the prepared data to perform
customer

segmentation. Common techniques include clustering algorithms (e.g., k-means, hierarchical clustering),
dimensionality reduction techniques (e.g., PCA), and predictive modeling algorithms (e.g., decision
trees, random forests, neural networks).

Segmentation Model Training and Evaluation:

Segmentation models are trained on historical data and evaluated using appropriate performance
metrics (e.g.,

silhouette score for clustering algorithms, accuracy, precision, recall for predictive models). Cross-
validationtechniques may be used to ensure robustness and generalization of the models.

Segmentation Results Storage:

The resulting customer segments and associated insights are stored in a database or data repository for
furtheranalysis and utilization.

Integration with Business Systems:

Segmentation results are integrated with various business systems and applications, such as CRM
systems, marketing automation platforms, content management systems, and e-commerce platforms.
This enables personalized marketing campaigns, product recommendations, and customer experiences
based on segmentation insights.

Visualization and Reporting:

Visualization tools and dashboards are used to present segmentation results and insights in an
intuitive and

actionable manner. This allows stakeholders across the organization to understand and act upon the
segmentation findings effectively.

Continuous Monitoring and Iteration:

The segmentation system is continuously monitored for performance and effectiveness. Feedback
loops areestablished to incorporate new data, refine segmentation models, and adapt strategies .

4.3 seaborn plots for the existing system

Seaborn is a popular Python data visualization library built on top of matplotlib. It provides a high-
levelinterface for creating attractive and informative statistical graphics. Seaborn is particularly useful
for visualizing complex datasets and exploring relationships between variables
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CHAPTER 5 METHODOLOGY

5.1 DATASET

The sample Dataset summarizes the usage behavior of about 9000 active credit card holders during the
last 6months. The file is at a customer level with 18 behavioral variables.
Variables of Dataset:

e Balance

e Balance Frequency

e D Purchases

e D One-off Purchases

¢ D Installment Purchases

e D Cash Advance etc...

5.2 Technologies used:

Python

Python is a programming language that may be used in many ways. Many of its features support
functional programming and aspect-oriented programming, as well as object-oriented programming and
structured programming. Many more paradigms, such as design by contract and logic programming, are
supported by extensions. Python manages memory through dynamic typing and a combination of
reference counting and a cycle-detecting garbage collector. It also includes late binding (dynamic name
resolution), which binds method and variable names during program execution.

Jupyter Notebook

Jupyter Notebook is an open-source web application that allows you to create and share documents
that contain live code, equations, visualizations, and narrative text. It's widely used for data cleaning,
transformation, statistical modeling, data visualization, machine learning, and more. The name "Jupyter"
is @ combination of three programming languages: Julia, Python, and R, which were the first languages
supported by the Jupyter ecosystem.
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Overall, Jupyter Notebook provides a convenient and versatile platform for interactive computing, data
analysis, and collaborative research in various domains, from academia to industry. Its ease of use, rich
features, and strong community support have made it one of the most popular tools in the data science.
Streamlit

Streamlit is an open-source Python library that allows you to create web applications for machine
learning, data science, and other data-centric tasks with minimal effort. It simplifies the process of
building interactive web apps by providing an intuitive and straightforward way to convert Python
scripts into web applications.

Overall, Streamlit empowers data scientists and developers to quickly prototype, iterate, and deploy
interactive web applications without the need for specialized web development skills. Its simplicity,
flexibility, and focus on data-centric applications have made it increasingly popular within the data
science and machine learning community.

Machine Learning

Machine Learning (ML) is a branch of artificial intelligence (Al) that empowers systems to learn and
improve from experience without being explicitly programmed. It revolves around the developmentof
algorithms and models that enable computers to analyse data, recognize patterns, and make intelligent
decisions. There are various types of machine learning, including supervised learning, unsupervised
learning, and reinforcement learning. In supervised learning, models are trained on labelled data, while
unsupervised learning involves finding patterns in unlabelled data. Reinforcement learning focuses on
training models to make sequences of decisions to maximize rewards.

CHAPTER 6

DESIGN AND IMPLEMENTATION

6.1 Requirements

6.1.1Overall Description

Customer segmentation is the process of dividing a company's customer base into distinct groups or

segments based on shared characteristics or behaviors. The goal of segmentation is to better understand

customers' needs, preferences, and behaviors in order to tailor marketing strategies, products, and

services to specific segments, ultimately maximizing customer satisfaction and profitability.

6.1.2 Software Requirements Programming Languages:

e Python: A widely used language for Al development.

e Libraries and Frameworks: Streamlit for deployment , scikit learn for machine learning, and others.
Environment Tools:

e Jupyter Notebooks: For interactive development and data exploration.

e |IDEs (Integrated Development Environments): Visual Studio Code, Anaconda Navigator or others.
Image Processing Libraries:

e OpenCV: For image preprocessing and manipulation.
Data Visualization:

e Matplotlib or Seaborn: For creating visualizations of data.

e Plotly : Interactive plotting library

6.1.3Hardware Requirements GPU (Graphics Processing Unit):

High performance GPUs are essential for training deep learning models efficiently. NVIDIA GPUs,

such asGeForce or Quadro series, are commonly used
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CPU (Central Processing Unit):

A powerful multicore CPU for general purpose computing tasks.

RAM (Random Access Memory):

Adequate RAM to handle large datasets and model training. At least 16GB is recommended, but more
may be needed for larger datasets.

Storage:

SSD (Solid State Drive) for faster data access, especially during training. Sufficient storage capacityfor
datasets and model checkpoints.

6.2 Execution
6.2.1 Project Flow Chart

C—
Initial Pre-processing Clean
Data Data

——

Multiple Input: Data |
Data Sets Transformation
Segmentation: Large
"""" > Cluster - Set of
Generation Clusters
1
Meaningful Assessment: | '
Clusters Cluster Selection |
i v
. Visualisation: Graphical
------ > Cluster - Repre-
Representation sentation

Knowledge )| Maf'lual. PESEEES ]
Investigation

—

Figure 6.1: Project Flow Chart

6.3 Code Snippets

In [7]: import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
import seaborn as sns
from sklearn.preprocessing import StandardScaler
scalar=StandardScaler()
from sklearn.decomposition import PCA
from sklearn.cluster import KMeans,AgglomerativeClustering,DBSCAN,SpectralClustering
from sklearn.mixture import GaussianMixture
from sklearn.metrics import silhouette_samples, silhouette_score|
from sklearn.tree import DecisionTreeClassifier
from sklearn.model_selection import train_test_split
from sklearn.metrics import classification_report
from sklearn import tree
from sklearn import metrics

import warnings
warnings.filterwarnings("ignore™)

Figure 6.2: Importing all the libraries
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In [8]: df = pd.read_csv("Customer Data.csv")

df
out[8]:
CUST_ID BALANCE BALANCE_FREQUENCY PURCHASES ONEOFF_PURCHASES INSTALLMENTS_PURCHASES CASH_ADVANCE PURCHASES_FREQl
0 C10001 40.900749 0818182 95.40 0.00 9540 0.000000 0
1 C10002 3202467416 0.909091 0.00 0.00 0.00 6442945483 0.
2 C10003 2495148862 1.000000 773.17 77317 0.00 0.000000 1
3 C10004 1666.670542 0.636364 1499.00 1499.00 0.00 205.788017 04
4 C10005 817.714335 1.000000 16.00 16.00 0.00 0.000000 0/
8945 C19186  28.493517 1.000000 291.12 0.00 291.12 0.000000 1
8946 C19187 19.183215 1.000000 300.00 0.00 300.00 0.000000 1
8947 C19188  23.398673 0.833333 144.40 0.00 144 40 0.000000 0.
8948 C19189 13.457564 0.833333 0.00 0.00 0.00 36.558778 0/
8949 C19190 372708075 0.666667 1093.25 1093.25 0.00 127.040008 0!
Figure 6.3: Creating data frame
In [19]: plt.figure(figsize=(10,60))
for i in range(0,17):
plt.subplot(17,1,i+1)
sns.distplot(df[df.columns[i]],kde_kws={'color':'b", 'bw': @.1,'lw’:3, "label": 'KDE'},hist_kws={'color':'g'})
plt.title(df.columns[i])
plt.tight_layout()
a
BALANCE 0
0.0010
0.0008 A
> 0.0006
g
8 0.0004
0.0002 A
0.0000 T T T T T T T T T
0 2500 5000 7500 10000 12500 15000 17500 20000

In [24]: kneans model=Keans(4)
kmeans nodel. it predict(scaled df)
0ca df kneans= pd.concat([pca df,pd,Dataframe({'cLuster:Kneans model. Labels })],axis=1)

In [25]: plt.figure(figsize=(8,5))
axesns.scatterplof ve"PCAL", y="PCAL" huez"cluster”  datazpea df kneans, palettez] 'red', ‘green’, ‘blue’, ‘black’])
plt.title("Clustering using K-Heans Algorithn’)
plt how(
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In [32]: #Visualization
sns.countplot(x="Cluster', data=cluster_df)

Out[32]: <axes: xlabel="Cluster', ylabel='count'>

4000 A

3500 A

3000 A

2500 1

count

2000 A

1500 1

1000 A

500 A

0-

Cluster

Fig 6.4: Visualising the images in the data set
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In [39]: #Decision_Tree
model= DecisionTreeClassifier(criterion="entropy")
model.fit(X_train, y_train)
y_pred = model.predict(X_test)

In [44]: #Confusion Matrix
print(metrics.confusion_matrix(y_test, y_pred))
print(classification_report(y_test, y pred))

[[1e9 1 6 1]
[ 11158 27 21]
[ 9 33 942 16]
[ 2 38 14 311])

precision recall fi-score support

] 0.90 0.93 0.92 117

1 0.94 0.96 0.95 1203

2 0.95 0.94 0.95 1000

3 0.89 0.85 0.87 365

accuracy 0.94 2685
macro avg 0.92 0.92 0.92 2685
weighted avg 0.94 0.94 0.94 2685

In [45]: dimport pickle
filename = 'final model.sav'
pickle.dump(model, open(filename, ‘'wb'))

# some time Llater...

# load the model from disk

loaded model = pickle.load(open(filename, 'rb"))
result = loaded _model.score(X_test, y test)
print(result, '% Acuuracy')

0.9370577281191806 % Acuuracy
Fig 6.5 Obtaining accuracy, And classification report

CHAPTER7

RESULT ANALYSIS

The customer segmentation system achieved an impressive accuracy, demonstrating its effectivenessin
accurately identifying different segments in credit card holders. Leveraging advanced machine learning
algorithms like k-means clustering, DBscan clustering etc, the system excelled in semantic
segmentation, providing precise graphs. The use of transfer learning with pre-trained models contributed
to the system's efficiency.

In summary our model as the following performance scores:

Table 7.1
Accuracy = 94% Precision = (0 = 90%, 1 = 94% ,2 = 95%,
3 = 89%)
Recall = (0=0.93,1=0.94, 2 =0.95, Fi Score = (0 = 92%, 1 = 95%, 2 = 95%,
3 =0.89) 3 =87%)
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Here are some of the graphical representation of our results:
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Figure 7.1: Hists for different segments

CHAPTERS8

CONCLUSION AND FUTURE ENHANCEMENTS

8.1 Conclusion

In conclusion, customer segmentation is a vital strategy for financial institutions to understand the
diverse needs, preferences, and behaviors of their clientele. Through the implementation of advanced
analytics techniques and machine learning algorithms, financial institutions can segment their customer
base into distinct groups, each with its own unique characteristics and requirements.

Throughout this project, we have explored the intricacies of customer segmentation within the context
of credit card holders. Leveraging rich datasets comprising demographic information, transactional data,
and behavioral insights, we have employed clustering algorithms and machine learning models to
identify meaningful segments within the customer population.

The segmentation analysis has yielded valuable insights into the varying spending habits, payment
behaviors, credit utilization patterns, and preferences of different customer segments. These insights
have enabled financial institutions to develop targeted marketing campaigns, personalized product
offerings, and optimized customer service strategies tailored to the specific needs of each segment.

8.2 Future Enhancements

Real-time Segmentation: Implementing real-time segmentation capabilities will allow financial
institutions to adapt quickly to changing customer behaviors and market dynamics. By leveraging
streaming data and advanced analytics, institutions can segment customers dynamically and respond
promptly to emerging trends and opportunities.

Personalization at Scale: Enhance personalization efforts by leveraging advanced machine learning
models and natural language processing (NLP) techniques to create hyper-personalized experiences for
individual customers within each segment. This involves analyzing unstructured data such as customer
interactions, social media activity, and online behavior to tailor recommendations and communications.

Predictive Segmentation: Develop predictive segmentation models that anticipate future customer
behaviors and preferences based on historical data and contextual information. By forecasting changes in
customer needs and behaviors, institutions can proactively adjust their strategies and offerings to stay
ahead of evolving trends and customer expectations.

Integration of External Data Sources: Incorporate external data sources, such as social media data,
geospatial data, and third-party demographic data, into the segmentation analysis to enrich customer
profiles and enhance segmentation accuracy. This broader data integration
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