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ABSTRACT —

Customer churn is a critical challenge for the banking sector, directly impacting profitability and sustainability. Predicting churn enables banks to proactively
identify customers at risk of leaving and implement effective retention strategies. This paper focuses on developing a robust churn prediction model using advanced
data analytics and machine learning techniques. By analyzing customer behavior, transaction patterns, demographic data, and engagement metrics, the model
uncovers key factors driving customer attrition. Various algorithms, including logistic regression, decision trees, and ensemble methods, are evaluated to identify
the most effective approach for churn prediction. Additionally, this study highlights the importance of feature engineering in capturing customer preferences and
trends, leading to actionable insights.Real-world banking datasets are used to validate the model, achieving significant improvements in prediction accuracy
compared to traditional methods.This research underscores the need for a customer-centric approach in the banking industry, leveraging technology to anticipate
churn and sustain long-term customer relationships .
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Introduction :

In a world of cut-throat competition and changing flow, numerous advantage providers have risen to compete with one another. One of the most prominent
challenges stood up to by benefit suppliers directly is to respond to the changing client behavior, which shows up to be driven by extended desires from
clients. Compared with the past era, today's clients ask unmistakable approaches with respect to network along with more custom-made and modernized
arrangements. Those clients are instructed and more careful of winning designs; consequently, their securing affinities reflect a distinctive worldview.
This encourages the way for a wonder called ‘analysis paralysis' wherein clients analyze the buying/selling plan far off more than it is sensible, and such
investigation commonly is a window through which the buyers improve their for the most part choice handle. In this way, the nongeneration advantage
providers are shown with a challenge to think out of the box and show regard to clients. Ever since the to start with bank was set up in India in 1786,
keeping money has served in a general sense into three basic areas rooted concept of clients, comes due to emphatically competition, and moving exhibit
components. Between these banks have ended up exceptionally intense in client affirmation and to go in for expanding client constancy. On account of
this disappointment to cause client dedication, the keeping cash fragment has had to persevere a tall level of consistent misfortune. An examination of
such a technique for upkeep as a run the show illustrates, "drop rates," which are the number of people that stop utilizing the advantage in address. Churn
is the brought of a client taking off and is characterized as "disappointment or exit of one-time or long-term clients.” One of the chief districts as reflected
in the company's inspiration for client churn is the client fulfillment which is to be gotten through customers' experiences with a company. Churn-from-
happy clients is among banks' common concerns since it's cheaper to hold clients than secure unused ones. Client fulfillment is an viewpoint that
minimizes churn. Client fulfillment, which goes from advantage quality down to personalized courses of action, comes to past advantage. Banks have to
find out nearly the drivers of churn, overview their qualities and shortcomings, and build custom-made strategies to handle churn successfully. Another
point is to update client upkeep by progressing client experience: Clients should to feel esteemed, listened, and maintained in the midst of their entire
travel with the bank. In extension, each innovation-a personalized overseeing an account benefit, advanced overseeing an account, and bespoke cash
related products-can keep a client bolted in and steadfast. Due to the importance of client support, banks must center on early recognizable confirmation
of churn threats. Such figure of churn might result in proactive measures which might be taken by banks to hold their clients in case the final specified
takes off, for case, persuading powers, tending to grievances, or personalizing their experiences. The advanced development and machine learning play
a unequivocal portion in this regard in recognizing the churn plan making a contrast the banks to act quickly and successfully.

Objectives :

The primary objectives of this project are as follows:
e  Develop a Predictive Model: Create a robust machine learning model to predict customer churn in the banking sector with high accuracy.
e Analyze Key Factors: Identify and evaluate the most significant customer behavior, demographic, and transactional factors driving churn.
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. Compare Algorithms: Assess the performance of various machine learning algorithms, including logistic regression, decision trees, and
random forests, for churn prediction.

e  Address Data Imbalance: Implement oversampling or undersampling techniques to handle the class imbalance in churn datasets effectively.

. Enhance Feature Engineering: Demonstrate the importance of feature selection and engineering in improving the prediction model's
accuracy and interpretability.

e Validate Using Real-World Data: Use real-world banking datasets to validate the model and compare its performance against traditional
prediction methods.

. Provide Actionable Insights: Deliver insights that help banks design effective customer retention strategies, such as personalized services or
targeted interventions for at-risk customers.

Literature Review :

Irrelevant Data: The irrelevant attributes or data are those that do not bear on the analysis's aim. Irrelevant features, if kept, can impede the performance
of classification algorithms. The variables besides those customarily adopted were, therefore, rejected from the analysis by hand, these being the Row
Number, Customer 1D, Surname , and Geography on the churn dataset treated in this research. Client churn analysis within the banking space is a vast
field of research. In one study [7], client churn prediction in commercial banks was studied with the SVM (Support VVector Machine) model. The dataset
consisted of 50,000 customer records from a Chinese commercial bank, with 46,406 valid records after preprocessing. Two SVM models were studied:
linear SVM and SVM using a radial basis kernel function. An undersampling approach was applied to resolve the data imbalance issues, leading to
considerable enhancement in predictive performance; however, also some challenge with SVM was posed in churn prediction given skewed distribution
of the dataset, leading further to evaluation metrics, even in general, not being able to give credit of its predictive power. The predictions were enhanced
with random sampling and SVM. Another study [8] provided mining applications in the banking sector to draw actionable insights, stating that customers
making more use of banking products were more loyal and thus present a target for banks to market to those that use fewer than three products. This
study employs a dataset containing 1,866 customers and a neural network model constructed using Alyuda Neurolntelligence software to subdivide data
into training, validation, and testing sets. The proposed neural network was recorded with a validation accuracy (CCR) of 93.96%. However, even though
quite effective, the model was claimed to be slow and tedious, more so due to high representation of seniors in the dataset, which is likely to be a challenge
in wider generalizations. Data Transformation: Data transformation is the process of Another study [9] works on the churn prediction model for telecom
operators on a big data machine learning platform. Using the Syriatel data, the underlying techniques were Decision Tree, Random Forest, Gradient
Boosted Machine (GBM), and Extreme Gradient Boosting (XGBOOST).
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Fig. 1. Activity diagram of the proposed system

Hyperparameters of the model were tuned using K-fold cross validation and class imbalance was addressed through an oversampling/random
undersampling technique. Within the models tested, XGBOOST had maximum AUC (93.3%) working with 180 trees.

Methodology :

This think about creates a prescient demonstrate for client churn where a commercial bank presents suitable information mining methods to this
conclusion. The show proposed is outlined in the graph in Fig 1. A. Dataset Outline The dataset chosen for this investigation was downloaded from
Kaggle and is composed of data around 1 tests contribute to the negative course or clients who've left. The target variable is hailed with a twofold reaction:
1 is utilized for a test that appears a client has cleared out the bank, whereas 0 is utilized for a client who remained. The dataset contains 13 include
vectors (indicators) based on the client and exchange information, as appeared in Table Il. B. Information Preprocessing Data preprocessing is one of the
basic steps for the victory of information mining assignments. In this stage, the determination of arbitrariness, uproar, and shakiness of information goes
on, together with the transformation of information where fundamental. Information optimization guarantees that the dataset would suffice for exact
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investigation. Preprocessing strategies for the indicators are summarized in Table I, appearing the different attributes' utilize in the churn expectation
circle. changing the arrange of information. Appropriate change guarantees that information are orchestrated, approved, and not subject to any lacks, such
as invalid values, copy repetition, erroneous ordering, or off base designs, which improves the quality. In this consider, the information were changed by:
Sexual orientation: Coded as Female — 0 and Male — 1. Feature Determination Relevant Response: Selecting pertinent highlights is an fundamentally
step of the information arrangement organize in information examination. Filter-type include determination strategies do not depend on the preparing
calculation. Instep, they center on positioning highlights based on their characteristics. Relief Calculation: This is another filter-based include
determination strategy that positions highlights utilizing the Help calculation. It gauges the highlight significance for distance-based directed models that
foresee results utilizing pairwise separations between perceptions. Based on a given number of closest neighbors, the calculation would rank the indicators
concurring to their significance, conveying an yield list of indicators requested in terms of significance. Oversampling Oversampling and undersampling
are the strategies utilized to adjust course dispersion in datasets. In specific, the information utilized in this think about were not as it were profoundly
imbalanced (7963 positive-class tests and 2037 negative-class tests) and in this way, very little; thus, oversampling here appeared very fitting.
Undersampling seem hinder from most fundamental tests whereas building a assorted show. Consequently, irregular oversampling was received to adjust
the minority lesson (contrarily). Classification Classification calculations connected to the preprocessed information incorporate K-Nearest Neighbor,
Bolster Vector Machine, Choice Tree, and Arbitrary Woodland, with the models being compared for the yield comes about. Moreover, adequacy of these
classifiers was assessed on different highlights against diverse highlight choice strategies. k-Nearest Neighbor (KNN): KNN is a basic, non-parametric
classification strategy based on administered learning. It classifies modern tests by looking the k closest neighbors from the preparing dataset and giving
the test to the course having the most elevated probability. Support Vector Machine (SVM): Bolster Vector Machines, stemmed from Vapnik's Factual
learning hypothesis [13], [14], [15], speak to a exceptionally viable directed learning calculation having applications in classification [16], relapse [17],
time arrangement expectation, and estimation in geotechnical and mining sciences [18]. The primary point of an SVM is to discover the ideal hyperplane
that maximizes the edge between the two classes, subsequently minimizing misclassification on both preparing and test information. For this ponder, the
LSVM show was chosen and was initially aiming for parallel classification issues [19]. Decision Tree (DT): The choice tree encourage partitions the
information into portions that see like branches, making the demonstrate basic to clarify on [20]. Whereas other calculations such as neural systems tend
to surrender superior straightforwardness, values, choice trees discharge factorising complex nonlinear connections between indicators and target factors.
Two primary methodologies of usage of choice trees dwell in tree creation and classification [21]. Random Woodland (RF): Irregular Timberland is an
outfit presented by Breiman [22] of a few choice trees built on haphazardly examined information. The approach of irregular timberland reduces the
change related with choice trees that may lead them to make off-base expectations. Arbitrary woodlands work proficiently with information of tall
measurements without the require for dimensional decrease or include determination. In expansion to that, the preparing by RF is impressively speedier,
and is, in this way, congruous with models of parallel preparing.

4.2 Prerequisites

o  ABefore beginning, guarantee you have the taking after devices introduced: Programming dialects: Python, R, or MATLAB. Libraries: Pandas,
NumPy, Scikit-learn, TensorFlow, or PyTorch. Big Information Stages (in case required): Apache Start or Hadoop

e  Space Information Understanding of client behavior, keeping money operations, and components impacting churn in the money related
division. Awareness of administrative necessities in the managing an account industry.

. Information Planning Data Cleaning: Taking care of lost values, exceptions, and copy records. Feature Building: Making important indicators
(e.g., normal exchange esteem, recurrence of benefit utilization). Data Change: Changing over categorical information into numerical groups
(e.g., encoding sex, topography). Imbalanced Dataset Taking care of: Applying oversampling or undersampling strategies if churn and non
churn classes are unbalanced

. Information Collection Access to significant client information, such as socioeconomics, exchange history, account points of interest, and
benefit utilization. Inclusion of both churned and non churned client records for adjusted bits of knowledge.

e  Machine Learning Calculations Nature with different ML models, counting: Logistic Relapse: For standard classification. Decision Tree (DT):
For interpretability. Random Timberland (RF): For outfit forecasts. Gradient Boosted Machines (GBM/XGBoost): For taking care of complex
designs. Support Vector Machine (SVM): For high dimensional information. K Nearest Neighbors (KNN): For similarity-based forecasts.
Before starting, ensure you have the following tools installed: « Programming languages: Python, R, or MATLAB. « Libraries: Pandas, NumPy,

(if needed): Apache Spark or Hadoop. .
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Customer Churn Prediction

I this project, we will predict whether a customer will leave the bank or not based on many factors

0 Bun Terminal Help

modelpy X

4.3 Machine Learning Algorithms

Familiarity with various ML models, including: « Logistic Regression: For baseline classification. * Decision Tree (DT): For interpretability. « Random
Forest (RF): For ensemble predictions. * Gradient Boosted Machines (GBM/XGBoost): For handling complex patterns. « Support Vector Machine (SVM):
For high dimensional data. « K-Nearest Neighbors (KNN): For similarity-based predictions.

V. Implementation And Results :

e After the preprocessing of the information has been completed, the dataset gets to be operational and prepared for investigation. This consider
continues with carrying out 10 highlights as determined from the preprocessing. In add up to, 70% of the information is set aside for preparing,
whereas 30% of the remaining ones are haphazardly chosen to conduct the tests. Classification models are connected autonomously and at
that point combined with the particular highlight choice strategies. Each model's execution is judged through the precision procured utilizing
10-fold cross validation along with the randomness-based disarray framework.

e  Thekesteem is set at 5 for KNN, meaning five closest neighbors will be considered for classification. Some of the time as well few neighbors
(i.e., less than 5) might look for higher precision. In any case, this strategy falls flat each time when the information is haphazardly chosen.
On the opposite, the expanding esteem of neighbors would more often than not lead to a impressive diminish in precision.
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TABLE V
RESULTS AFTER MEMRE FEATURE SELECTION

Classifier Accuracy( %) Accuracy After oversampling( %)
KNN 8397 8257
SWM T9.63 69_96
DT T8.32 91.73
RF 83.66 92.95
TABLE VI
RESULTS AFTER RELIEFF FEATURE SELECTION
Classifier Accuracy( %) Accuracy After oversampling( %)
KMNMN 82.15 B9
SVM T9.63 69.53
DT 77.61 9074
RF 81.75 9219

Thus, the examination makes utilize of k=5 to adjust and optimize the framework execution. Euclidean remove will be utilized for classification. For
SVM, the LSVM utilizes a direct bit work. In the case of RF, the number of choice trees set is an normal number of around 100. This parameter finds its
way to perform the best amid the classification prepare. The classification execution results are given in Table IV; those conducted with and without
oversampling are included and are all strategies in this case. KNN and SVM classifiers appeared way better exactness after oversampling. In differentiate,
no alter in exactness happened in KNN, though the exactness of SVM diminished by the level of oversampling meaning learning is less reasonable for
the bigger datasets.

The six critical highlights that have been chosen by the MRMR strategy incorporate Number of Items, Is Dynamic Part, Sexual orientation, Age, Adjust,
and Residency. Table V summarizes KNN's exactness after the MRMR strategy, which has made strides, though the SVM precision did not. The DT and
RF correctnesses diminish marginally as compared to the models without MRMR. Among those highlights prescribed by the Help strategy, Number of
Items, Age, Adjust, Residency, Sexual orientation, and Has CrCard were chosen. Compared with models, KNN precision is progressed, SVM is unaltered,
whereas exactnesses of DT and RF are marginally lower. The undersampling strategy tackles the issue of course lopsidedness by inspecting to make rise
to perceptions of course 0 and 1. The downside of this strategy is that the classification precision for SVM weakened since of the exceptionally expansive
information which limits the execution of SVM. The exactness in KNN remains generally steady after resampling, whereas DT and RF models advantage
from made strides exactness as a result of huge, adjusted datasets Using any of the feature selection methods improves KNN performance marginally,
but does not at all move the needle on SVM. The performance for DT and RF dropped a little because tree-based classifiers rely more heavily on the
features available, and a decrease in features invariably affects their confidence levels.

V1. Conclusion :

In banking, as with a few other industries, the engagement of customers is becoming a core focus. In this respect, efforts have turned towards the prediction
of churn in customers. Millions of studies into churn prediction are being conducted within banking. Different types of organizations are evaluating their
churn rates by measuring churn in different ways over different data sources. Therefore, there exists a huge gap for a generalized functional model to
detect player churn much earlier. Such a model would input fixed and variable data sources, irrespective of any particular service provider, and allowing
for minimal information input providing maximum predictive output. That is what the research aims for. The goal of this research is to develop the most
effective model for early-stage customer churn prediction in banks. The study, based on a small dataset (10,000 samples) with heavy imbalance, could
have used even larger real banking datasets. The oversampling countered some of the issues. The study compares KNN, SVM, Decision Tree, and RF
classifiers in various settings. On cross-validation, oversampled data using the RF classifier achieved the best result of 95.74%. Feature selection methods
do not have much impact on tree-based classifiers (Decision Tree and RF). The results showed that feature reduction from feature selection slightly
downgraded the performance of these classifiers. An interesting observation is that different from other classes of classifiers, oversampling provides
relatively poor performance to the SVM. This is mostly due to the imbalance in the dataset, against which SVM is found not performing well.
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