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Abstract

Objective

Accurate prediction of customer value in the banking industry is one of the fundamental
challenges that can contribute to optimal decision-making in customer management and
resource allocation. This study aims to develop a comprehensive approach for predicting
the value of banking customers. The primary focus of this research is on addressing the
challenge of imbalanced data, improving the performance of machine learning models,
and selecting key features that are effective in predicting customer value for real-world
applications in banking environments.
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Methodology

This study used a dataset from a bank comprising 2,000 customers and 14 features related
to customer transactions and activities. Data preprocessing was first performed, followed
by feature selection, data imbalance handling, and the application of the Adaptive
Synthetic Sampling (ADASYN) technique. Correlation analysis and feature importance
based on the Random Forest algorithm were subsequently employed to refine the feature
selection process. Through this procedure, highly correlated variables were identified, and
the final set of relevant features was selected. Subsequently, 11 machine learning
algorithms, including CatBoost, XGBoost, Random Forest, LightGBM, and both linear
and nonlinear models, were applied to predict customer value. To improve model
performance, Optuna was used for hyperparameter tuning, and five-fold cross-validation
was employed to ensure robust model evaluation. Model performance was assessed using
four evaluation metrics: accuracy, precision, recall, and the F1-score.

Findings

The results showed that ensemble learning-based algorithms provided the best
performance in predicting customer value. The CatBoost model, with an F1 Score of
0.9324 and an accuracy of 0.909, was identified as the best-performing model. This
model achieved a proper balance between precision and recall, with a precision of 0.9677
and a recall of 0.8998 in predicting valuable customers. The XGBoost and Random
Forest models also demonstrated similar performance to CatBoost, with F1 Scores of
0.9322 and 0.932, respectively. The use of a combined approach for feature selection and
the application of the ADASYN method for data balancing played a significant role in
improving the performance of these models.

Conclusion

These results show that a different approach to data preprocessing with the help of the
ADASYN algorithm in combination with modern machine learning methods can
positively affect the effectiveness of models predicting customer value. The selection of
correlated variables and the feature importance based on Random Forest was important in
improving the general performance of the models. This revolution allowed strengthening
the work of models through the elimination of features and information that had less
impact on the final decisions, making the latter more precise. Based on the results of its
evaluation, it can be concluded that ensemble learning models, including CatBoost,
XGBoost, and Random Forest, are the most appropriate for banking settings because of
their efficiency and effectiveness in dealing with large-scale, complex, and imbalanced
datasets. Thus, this study extends previous research by addressing the challenges of
imbalanced data and feature selection to enhance customer value prediction and customer
management in the banking sector, thereby contributing to the development of an
effective approach to this problem. The findings provide useful insights for identifying
high-value bank customers and for developing more effective customer retention and
service strategies.
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