
  

  

IJDIM, 2026, 5 (2), 351-362 | 351 International Journal of Data Science and IoT Management System 

International Journal of 

DATA SCIENCE AND IOT MANAGEMENT SYSTEM 

Peer Reviewed, Referred & Indexed Journal 

                        ISSN: 3068-272X                                             ww.ijdim.com                                             Original Research Paper  
 

 
  
 

An Intelligent Loan Default Prediction System Using Machine 

Learning with Explainable AI Integration 

A V S N S REVANTH 

PG Scholar. Department of MCA, DNR College, Bhimavaram, Andhra Pradesh 

B. Suryanarayana Murthy 

(Assistant Professor), Master of Computer Applications, DNR College, Bhimavaram, Andhra 

Pradesh 

ABSTRACT 

Loan default prediction has become a critical component in modern financial systems, enabling 

banks and financial institutions to minimize risk and make informed lending decisions. With the 

rapid growth of digital banking and large-scale financial datasets, traditional rule-based systems 

are no longer sufficient to accurately assess borrower risk. This project presents an intelligent 

Loan Default Prediction System that leverages machine learning techniques combined with 

explainable artificial intelligence (XAI) to enhance prediction accuracy and transparency. 

The proposed system integrates multiple supervised learning algorithms, including Logistic 

Regression, Random Forest, and Support Vector Machine (SVM), to classify whether a borrower 

is likely to default on a loan. The system is implemented using Python and provides an interactive 

graphical user interface (GUI) built with Tkinter, allowing users to load datasets, preprocess data, 

train models, visualize results, and perform predictions seamlessly. 

A robust preprocessing pipeline is incorporated to handle real-world data challenges such as 

missing values, categorical variables, and feature scaling. Missing values are handled using mean 

imputation, while categorical variables are transformed using one-hot encoding. Standardization 

is applied to ensure optimal model performance. The dataset is then split into training and testing 

sets to evaluate model performance effectively. 

The system evaluates model performance using accuracy metrics and visual tools such as ROC 

curves and model comparison graphs. These visualizations help users understand model 

effectiveness and select the best-performing algorithm. Additionally, the integration of SHAP 

(SHapley Additive exPlanations) provides interpretability by explaining feature contributions to 

predictions, making the model more transparent and trustworthy for financial decision-making. 

The application supports both batch predictions through CSV file uploads and real-time 

predictions through manual data entry. It also allows users to save trained models for future use, 

enhancing usability and scalability. The inclusion of explainability features addresses one of the 

major limitations of traditional machine learning models in finance—lack of interpretability. 
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Overall, this system demonstrates how machine learning and explainable AI can be effectively 

combined to build a reliable, user-friendly, and transparent loan default prediction tool. It has 

significant potential applications in banking, fintech, and credit risk management, enabling 

institutions to reduce financial losses and improve decision-making processes. 

Keywords: Loan Default Prediction, Machine Learning, Logistic Regression, Random Forest, 

Support Vector Machine, Explainable AI, SHAP, Credit Risk Analysis, Financial Analytics, Data 

Preprocessing 

 

I. INTRODUCTION 

In the evolving landscape of financial services, risk assessment plays a vital role in ensuring the 

sustainability and profitability of lending institutions. One of the most significant challenges 

faced by banks and financial organizations is predicting whether a borrower will default on a 

loan. Loan defaults can lead to substantial financial losses, making it essential to develop accurate 

and reliable prediction systems. 

Traditionally, loan approval decisions were based on manual evaluation and rule-based systems, 

relying heavily on human expertise and predefined criteria such as income level, credit history, 

and employment status. While these approaches provided a basic level of risk assessment, they 

often lacked scalability, adaptability, and precision. With the advent of big data and machine 

learning, there is a growing opportunity to enhance credit risk analysis using data-driven 

techniques. 

This project introduces a Loan Default Prediction System that utilizes machine learning 

algorithms to analyze borrower data and predict default risk. The system is designed to handle 

real-world datasets that may contain missing values, categorical features, and inconsistencies. By 

applying preprocessing techniques such as imputation, encoding, and scaling, the system ensures 

that the data is suitable for model training. 

Three widely used machine learning algorithms—Logistic Regression, Random Forest, and 

Support Vector Machine—are implemented and compared in this system. Logistic Regression 

provides a baseline linear model, Random Forest offers robustness through ensemble learning, 

and SVM handles complex decision boundaries effectively. By comparing these models, the 

system identifies the most accurate approach for a given dataset. 

 

A key highlight of this project is the integration of Explainable AI (XAI) using SHAP values. In 

financial applications, transparency is crucial, as decisions must be interpretable to comply with 

regulatory requirements and build user trust. SHAP provides insights into how each feature 

influences the model's predictions, enabling users to understand the reasoning behind decisions. 
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The system features an intuitive graphical user interface developed using Tkinter, making it 

accessible even to non-technical users. It allows users to load datasets, preprocess data, train 

models, visualize performance metrics, and make predictions. Additionally, the system supports 

both batch processing and manual data entry, increasing its practical usability. 

In summary, this project aims to bridge the gap between advanced machine learning techniques 

and real-world financial applications. By combining accuracy, interpretability, and usability, the 

proposed system provides a comprehensive solution for loan default prediction, contributing to 

improved risk management and decision-making in the financial sector. 

II. LITERATURE SURVEY (WITH EXISTING METHODS) 

Loan default prediction has been widely studied in the fields of machine learning and financial 

analytics. Various techniques have been proposed over the years, ranging from traditional 

statistical models to advanced machine learning and deep learning approaches. 

 

One of the earliest and most commonly used methods is Logistic Regression, which models the 

probability of default as a function of input features. It is widely preferred due to its simplicity, 

interpretability, and efficiency. However, its performance is limited when dealing with complex, 

non-linear relationships in data. 

ecision Trees and ensemble methods such as Random Forest have gained popularity due to their 

ability to handle non-linear data and interactions between features. Random Forest, in particular, 

improves prediction accuracy by combining multiple decision trees and reducing overfitting. 

Studies have shown that ensemble methods often outperform single models in credit risk 

prediction tasks. 

Support Vector Machines (SVM) have also been applied to loan default prediction problems. 

SVMs are effective in high-dimensional spaces and can model complex decision boundaries 

using kernel functions. However, they can be computationally expensive and less interpretable 

compared to simpler models. 

Recent advancements have introduced deep learning models, such as Artificial Neural Networks 

(ANNs), which can capture intricate patterns in large datasets. While these models achieve high 

accuracy, they suffer from a lack of transparency, making them less suitable for financial 

applications where interpretability is essential. 

To address this limitation, Explainable AI (XAI) techniques have been introduced. SHAP 

(SHapley Additive exPlanations) is one of the most widely used methods for interpreting machine 

learning models. It assigns importance values to each feature, explaining their contribution to 

predictions. Research has shown that integrating SHAP with machine learning models enhances 

trust and accountability in decision-making systems. 
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Other studies have explored hybrid approaches that combine statistical methods with machine 

learning techniques to improve prediction accuracy. Additionally, feature engineering and data 

preprocessing have been identified as critical factors influencing model performance. 

Despite these advancements, many existing systems lack user-friendly interfaces and practical 

implementation features. Most research focuses on model accuracy without addressing usability 

and deployment challenges. 

The proposed system builds upon these existing methods by integrating multiple machine 

learning algorithms, robust preprocessing techniques, and explainable AI within a single 

application. It also emphasizes usability through a graphical interface, making it accessible for 

real-world applications. 

III. EXISTING SYSTEM 

The existing systems for loan default prediction primarily rely on traditional statistical methods 

and basic machine learning models. Many financial institutions use rule-based systems that 

evaluate borrower eligibility based on predefined criteria such as credit score, income level, and 

repayment history. While these systems are simple to implement, they often lack flexibility and 

fail to capture complex patterns in data. 

Some modern systems have adopted machine learning techniques such as Logistic Regression 

and Decision Trees. Although these models improve prediction accuracy compared to traditional 

approaches, they are often implemented in isolation without proper comparison or optimization. 

Additionally, many existing solutions do not include comprehensive preprocessing pipelines, 

leading to reduced model performance when handling real-world datasets with missing values 

and categorical variables. 

 

Another major limitation of existing systems is the lack of interpretability. Many machine 

learning models, especially complex ones, act as black boxes, providing predictions without 

explaining the reasoning behind them. This lack of transparency is a significant concern in the 

financial sector, where regulatory compliance and user trust are critical. 

 

Furthermore, most existing systems do not provide user-friendly interfaces, making them difficult 

to use for non-technical users. They often require programming knowledge and lack features such 

as visualization, model comparison, and real-time prediction. 

 

The proposed system addresses these limitations by integrating multiple machine learning 

models, robust data preprocessing, explainable AI using SHAP, and an interactive graphical user 

interface. It provides a comprehensive and practical solution for loan default prediction, 

improving both accuracy and usability. 
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IV. PROPOSED METHOD 

The proposed Loan Default Prediction System is designed as an intelligent, user-friendly, and 

explainable machine learning application that enhances the accuracy and transparency of credit 

risk assessment. Unlike traditional systems, this model integrates multiple machine learning 

algorithms along with a robust preprocessing pipeline and explainable AI techniques. 

 

The system begins with dataset ingestion, allowing users to upload real-world financial datasets 

in CSV format. A preprocessing module handles missing values using mean imputation, encodes 

categorical variables through one-hot encoding, and standardizes features to ensure uniform 

scaling. This step ensures that the dataset is clean, consistent, and suitable for machine learning 

algorithms. 

The system implements three supervised learning models: Logistic Regression, Random Forest, 

and Support Vector Machine (SVM). Each model is trained on the processed dataset and 

evaluated using accuracy metrics. A model comparison module visually represents performance, 

enabling users to select the most effective algorithm. 

A key feature of the proposed system is the integration of Explainable AI using SHAP (SHapley 

Additive Explanations). This module provides insights into feature importance and model 

behavior, helping users understand the reasoning behind predictions. This transparency is crucial 

in financial applications where decisions must be interpretable and justifiable. 

The system also supports prediction through two modes: batch prediction via CSV upload and 

real-time prediction through manual data entry. Additionally, trained models can be saved and 

reused, enhancing scalability. 

The graphical user interface (GUI) built using Tkinter ensures ease of use, making the system 

accessible to both technical and non-technical users. Overall, the proposed system offers a 

comprehensive solution for accurate, transparent, and efficient loan default prediction. 

V. IMPLEMENTATION 

The implementation of the Loan Default Prediction System is carried out using Python, 

leveraging several libraries for machine learning, data processing, visualization, and user 

interface design. The system follows a modular architecture, ensuring clarity, scalability, and 

maintainability. 

The user interface is developed using the Tkinter library, which provides an interactive GUI for 

performing all operations. The interface includes buttons for dataset loading, preprocessing, 

model training, visualization, prediction, and model saving. The GUI is designed to be intuitive, 

allowing users to navigate through functionalities without requiring programming knowledge. 
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The dataset is loaded in CSV format using the Pandas library. Once loaded, the preprocessing 

module is activated. This module first separates the target variable (loan_status) from the feature 

set. Categorical variables are converted into numerical form using one-hot encoding. Missing 

values are handled using the SimpleImputer class with a mean strategy, ensuring that incomplete 

data does not affect model performance. Feature scaling is then performed using StandardScaler 

to normalize the data. 

 

The dataset is split into training and testing sets using an 80-20 ratio. This ensures that model 

evaluation is performed on unseen data, improving reliability. Three machine learning models are 

implemented: Logistic Regression, Random Forest Classifier, and Support Vector Machine 

(SVM). These models are trained using the Scikit-learn library. 

 

After training, model performance is evaluated using accuracy metrics. The results are stored and 

displayed to the user. A comparison graph is generated using Matplotlib and Seaborn, providing a 

visual representation of model performance. 

The system includes a ROC curve module, which plots the true positive rate against the false 

positive rate and calculates the Area Under Curve (AUC). This helps in understanding the 

classification performance beyond simple accuracy. 

Explainability is achieved using the SHAP library. SHAP values are computed to analyze feature 

contributions, and a summary plot is generated to visualize feature importance. 

 

The prediction module allows users to upload new datasets or manually input data. The system 

ensures consistency by applying the same preprocessing steps (imputation and scaling) used 

during training. Predictions are generated along with probability scores, indicating the likelihood 

of default. 

Finally, the trained model, along with preprocessing objects, is saved using Joblib for future use. 

This ensures that the system can be deployed without retraining. 

VI. ALGORITHMS 

The proposed system utilizes three machine learning algorithms to perform loan default 

prediction: 

 

1. Logistic Regression: 

Logistic Regression is a supervised learning algorithm used for binary classification problems. It 

estimates the probability that a given input belongs to a particular class using a sigmoid function. 

In this system, it predicts whether a borrower will default (1) or not (0). It is simple, efficient, and 
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interpretable, making it a baseline model for comparison. 

 

2. Random Forest: 

Random Forest is an ensemble learning method that constructs multiple decision trees during 

training and outputs the majority class as the prediction. It improves accuracy and reduces 

overfitting by averaging multiple models. Random Forest is particularly effective in handling 

non-linear relationships and large datasets with high dimensionality. 

 

3. Support Vector Machine (SVM): 

SVM is a powerful classification algorithm that finds the optimal hyperplane separating data 

points of different classes. It is effective in high-dimensional spaces and can model complex 

boundaries using kernel functions. In this system, the probability estimation feature of SVM is 

enabled to support ROC curve analysis. 

 

In addition to these models, preprocessing algorithms such as mean imputation and feature 

scaling are used to enhance model performance. SHAP is employed as an explainability 

algorithm to interpret model predictions by assigning importance values to each feature. 

 

 

VII. SYSTEM DESIGN 

The system is designed using a modular and layered architecture to ensure efficiency, scalability, 

and ease of use. It consists of four main components: User Interface Layer, Data Processing 

Layer, Machine Learning Layer, and Visualization & Explainability Layer. 

 

1. User Interface Layer: 

This layer is implemented using Tkinter and acts as the front-end of the system. It provides users 

with an interactive platform to perform various operations such as loading datasets, preprocessing 

data, training models, and generating predictions. The GUI is designed with multiple buttons and 

forms, ensuring a smooth user experience. 

 

2. Data Processing Layer: 

This layer handles all data-related operations. It includes data loading, cleaning, transformation, 

and preparation. The dataset is first checked for missing values, which are handled using mean 

imputation. Categorical variables are converted into numerical form using one-hot encoding. 

Feature scaling is applied using standardization to ensure that all features contribute equally to 

model training. 
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3. Machine Learning Layer: 

This layer is responsible for training and evaluating models. It includes the implementation of 

Logistic Regression, Random Forest, and SVM algorithms. The dataset is split into training and 

testing sets, and models are trained using the training data. Evaluation metrics such as accuracy 

are computed using the test data. 

 

4. Visualization & Explainability Layer: 

This layer provides graphical insights into model performance. It includes model comparison 

graphs, ROC curves, and SHAP summary plots. These visualizations help users understand 

model behavior and performance. SHAP plays a crucial role in explaining predictions by 

highlighting feature importance. 

 

5. Prediction Module: 

This module allows users to perform predictions on new data. It supports both batch processing 

(CSV input) and manual data entry. The system ensures consistency by applying the same 

preprocessing steps used during training. 

 

6. Model Persistence: 

The system includes a model-saving feature that stores trained models along with preprocessing 

objects. This enables reuse without retraining. 

 

Overall, the system design ensures a seamless integration of machine learning, data processing, 

and user interaction, making it practical for real-world applications. 

 

 

SYSTEM DESIGN IMAGES 
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VIII. CONCLUSION 
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The Loan Default Prediction System presented in this project demonstrates the effective 

application of machine learning and explainable AI techniques in financial risk assessment. By 

integrating multiple classification algorithms, robust preprocessing methods, and interactive 

visualization tools, the system provides a comprehensive solution for predicting loan defaults. 

One of the key strengths of the system is its ability to compare multiple models and select the 

most accurate one. The inclusion of Logistic Regression, Random Forest, and Support Vector 

Machine ensures that both simple and complex patterns in data are captured effectively. The use 

of evaluation metrics and ROC curves further enhances the reliability of the predictions. 

Another significant contribution of this project is the integration of explainable AI using SHAP. 

This feature addresses one of the major challenges in machine learning applications—lack of 

transparency. By providing insights into feature importance, the system builds trust and ensures 

that predictions can be justified, which is essential in financial decision-making. 

The user-friendly graphical interface makes the system accessible to a wide range of users, 

including those without technical expertise. Features such as CSV-based prediction, manual 

input, and model saving enhance the practicality and usability of the system. 

In conclusion, the proposed system not only improves prediction accuracy but also ensures 

transparency, usability, and scalability. It has strong potential for real-world deployment in banks 

and financial institutions. Future work may include the integration of deep learning models, real-

time data streaming, and deployment as a web-based application to further enhance its 

capabilities. 
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