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Abstract— In the banking industry, loans are the primary source of income for banks, as they earn from the interest 

charged on these loans. The profitability of a bank largely depends on the timely repayment of loans by customers. 

Therefore, it is crucial for banks to predict loan defaulters in order to minimize their Non-Performing Assets (NPA). 

Several methods have been proposed to address this problem, but it is essential to compare these methods to determine 

their effectiveness in predicting loan defaulters accurately. One popular approach for predictive analytics is the logistic 

regression model. To study loan default, data was collected from Kaggle, and logistic regression models were used to 

predict the likelihood of loan default. Performance measures such as sensitivity and specificity were computed to compare 

the models. The results indicated that the model that included personal attributes such as age, purpose, credit history, 

credit amount, and credit duration, in addition to checking account information (which reflects a customer's wealth), 

produced marginally better results. This suggests that a customer's other attributes should also be taken into account 

while calculating the probability of default on loans to accurately predict loan defaulters. By using the logistic regression 

approach, banks can identify the right customers to grant loans to by evaluating their likelihood of default on loans. This 

approach highlights the importance of assessing all aspects of a customer's profile, rather than just their wealth, when 

making credit decisions and predicting loan defaulters. 

 

Index Terms— Prediction, component, Overfitting, banking system, credit line, interest, loan defaulters, Non-Performing 

Assets, predictive analytics, logistic regression model, Kaggle. 

 

I.INTRODUCTION 

The purpose of this study is to predict the safety of loans using a machine learning model trained on data from previous customers 

of various banks who were approved for loans based on a set of parameters. The logistic regression algorithm is utilized to make 

this prediction. The data set used in this study consists of 1500 cases and includes 10 numerical and 8 categorical attributes. 

Before training the model, the data is cleaned to eliminate any missing values. Several parameters are taken into account when 

deciding whether to grant a loan
 [1][3]

 to a customer, including their CIBIL score (credit history), business value, and assets. 

 

 

 

 

 

 

 

 

  

 

II.LITERATURE SURVEY 

Logistic regression is a useful machine learning algorithm that is commonly used for classification problems. One of its 

advantages is that it can be used for predictive analysis. It is used to describe data and to explain the relationship between a single 

binary variable and one or more independent variables that are nominal, ordinal, or ratio level. To develop a prediction model, 

logistic regression utilizes the sigmoid function, which is appropriate for binary outcomes of 0 or 1
[11][15]

. The dataset used in this 

study consists of bank customer data that has been divided into training and test sets. The training dataset contains approximately 

600+ rows and 13+ columns, while the test dataset contains 300+ rows and 12+ columns and does not include the target variable
 

[13]14]
. Both datasets have some missing values, which are filled using mean, median, or mode values. Feature engineering 

techniques are then applied, followed by exploratory data analysis using statistical concepts such as normal distribution and 

probability density function to study the dependent and independent variables through univariate, bivariate, and multivariate 

analysis. The focus of the model is to target eligible customers for loans, and logistic regression is enabled using the sigmoid 

function to divide the probability into binary output. This allows the prediction model to be developed. 

 

III.PROBLEM STATEMENT 

Banks, housing finance companies, and NBFCs offer various types of loans in rural, semi-urban, and urban areas. Before 

approving a loan application, these companies must evaluate a customer's eligibility. This paper proposes an automated solution 

using a machine learning algorithm to streamline this process. Customers fill out an online loan application form that includes 

Qualification Categorical 

In Service / Business Owner Categorical 

Individual income of Applicant Qualitative 

Individual income of Co- Applicant (if Any) Qualitative 

Amount of Loan required Qualitative 

Term for which loan Required Qualitative 

Credit History of Applicant Qualitative 

Area of Property Categorical 
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details such as sex, marital status, education level, dependents, annual income, loan amount, and credit history. The algorithm 

identifies eligible customer segments, enabling the bank to focus on those customers
 [4][7].

 Automating the loan approval process 

can save time and improve customer service, resulting in increased customer satisfaction and reduced operational costs are 

significant
[9].

. However, a robust model is necessary to accurately predict which loans to approve and which to reject, thus 

minimizing the risk of loan default. 

 

IV.EXISTING SYSTEM 

The success or failure of a bank heavily relies on its loan portfolio, which includes the ability to accurately predict whether a 

customer will repay their loan or default. However, the current method of predicting loan defaulters relies on human effort and 

CIBIL score, and it can be time-consuming due to manual verification by officers. In order to streamline the loan eligibility 

process, factors such as gender, marital status, dependents, education, applicant income, loan amount, and loan amount term are 

taken into consideration. Nonetheless, accurately predicting a customer's ability to repay their loan remains challenging with the 

current system. 

 

V. PROPOSED MODEL 

The proposed model aims to predict whether a bank should grant a loan to a customer or not, using classification as the 

target. To achieve this, Logistic Regression with a sigmoid function is utilized. Preprocessing is the time-consuming step, 

followed by Exploratory Data Analysis, Feature Engineering, and Model Selection. The model is then trained on two 

separate datasets before being applied to new data. Logistic Regression is a statistical machine learning algorithm that 

creates a logarithmic line to differentiate between extreme outcomes, allowing for accurate predictions. 

 

V.A) Data Collection 

Data has been collected from the Kaggle one of the most data source providers for the learning purpose and hence the data 

is collected from the Kaggle, which had two data sets one for the training and another testing 
[12]

. The training dataset is used 

to train the model in which datasets is further divided into two parts such as 80:20 or 70:30 the major datasets is used for the 

train the model and the minor dataset is used for the test the model and hence the accuracy of our developed model is 

calculated. 

 

V.B) Pre-Processing 

Data mining technique has been used in Pre-Processing for transforming raw data which is collect using online form into 

useful and efficient formats. There is a need to convert it in useful format because it may have some irrelevant, missing 

information and noisy data. To deal with this problem data cleaning technique has been used. Before data mining the data, 

reduction techniques are used to deal with huge volume of data. So, data analysis will become easier, and it intends to get 

accurate results. So, data storage capacity increase and cost to analysis of data reduces. 

 

 

 

 

 

 

 

 

 

 

V.C) Feature Engineering 

The size of data can be reduced by encoding mechanisms. So, it may be lossy or lossless. If the original data is obtained after 

reconstruction from compressed data, such reductions are called lossless reduction else it is called lossy reduction. Wavelet 

transforms and PCA (Principal Component Analysis) methods are effective for reduction. In feature engineering a proper 

input dataset which is compatible as per machine learning algorithm requirements is prepared. In our model Pandas and 

NumPy library has been imported to run. So, the performance of machine learning model improves. 

import pandas as pd       import NumPy as np. 

 

 

 

             Id                                         0 

Sex 13 

Married 3 

No_Dependents 15 

Qualification 0 

In Service / Self_Employed 32 

Annual_Income_Applicant 

 

0 

Annual_income_Coapplicant 0 

Amount_Loan 22 

Term 14 

Credit_History _ Applicant 50 

Assets 0 

Status_Loan 0 
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V.D) List of Techniques 

D. i) Imputation 

               is the process of replacing missing data with substituted values. There is one more measure problem i.e., 

missing values when data is prepared for our machine learning model. There may be many reasons of missing values like 

human errors, interruptions in flow of data, security concerns, and so on. The performance of machine learning model 

severely affected by missing values. 

Train[‘Gender’].fillna(tra in[‘Gender’].mode()[0],inplace =Tr ue) 

train[‘Married’].fillna(train[‘Married’].mode()[0],inplace=True) 

train[‘Dependents’].fillna(train[‘Dependents’].mode()[0],in place=True) 

 

 

Id 0 

Sex 0 

Married 0 

No Dependents 0 

Qualification 0 

In Service / Self_Employed 0 

Annual_Income_Applicant 0 

Annual_income_Coapplicant 0 

Amount_Loan 22 

Term 14 

Credit_History _ Applicant 0 

Assets 0 

Status_Loan 0 

 

D. ii) Handling Outliers 

In order to identify outliers in data, one common approach is to visually inspect the data and then make decisions about how to 

handle any outliers that are found. This method can be effective when the decisions made based on the visualizations are precise 

and accurate. Another approach is to use percentiles as a mathematical method for identifying outliers. With this method, a 

certain percentage of values are assumed to be outliers, either from the top or bottom of the distribution. However, setting the 

percentage value requires careful consideration of the underlying distribution of the data, as this will determine what is 

considered to be an outlier. 

                                                                Fig. 1. Application income vs Loan Status 
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D. iii) Binning 

Binning is often the critical factor in balancing performance and overfitting of a model. However, in the case of numerical 

columns, binning may not always be necessary except for certain scenarios where overfitting is a concern, as it can negatively 

impact the model’s performance. On the other hand, for categorical columns, low-frequency labels can affect the model’s 

robustness in a negative way. Assigning a common category to these infrequent values can help maintain the model’s robustness 

and improve its performance. 

 

                                                         Fig. 2. Heap Map 

D. iv) Log Transform  
Logarithm transformation, also known as log transform, is a widely used mathematical technique in feature engineering. 

Its primary advantage is its ability to handle skewed data, making the distribution of the data more closely resemble a 

normal distribution. Additionally, log transformation can reduce the impact of outliers by normalizing the magnitude 

differences, which can increase the robustness of the machine learning model. 

 

   D.iv)Before Log Transform                          D.iv) After Log Transform 

 

D. v) One Hot Encoding 

One hot encoding
 [18]

 is a widely used method of encoding categorical data in machine learning. This technique involves 

transforming categorical data into a format where each value is represented by a single column with values of 0 or 1. The 

resulting columns indicate the relationship between the encoded and grouped columns. By converting categorical data into 

numerical format through one hot encoding, the resulting data can be easily processed by machine learning algorithms. This 

method also enables grouping of categorical data without any loss of information 

                                      from sklearn.preprocessing import LabelEncoder number=LabelEncoder() 
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M          Married 

D               No_Dependents 

E                ualification 

SE          In Service / Self_Employed 

AI          Annual_Income_Applicant 
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CH 
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8 
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0 
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CAI          Annual_income_Coapplicant 

LA         Amount_Loan 

CH         Credit_History _ Applicant 

LAT         Loan Amount Transfer 

PA            Assets 

             LAL          loan Amount log 

 

VI.MODEL SELECTION  

Model selection is the process of choosing the best machine learning model from a group of candidate models for a specific 

loan customer training dataset. There are various types of models such as logistic regression, SVM, KNN, etc. Each model 

has its own advantages and disadvantages, such as predictive error caused by statistical noise in the data, incompleteness of 

sample data, and limitations of different model types. The chosen model should meet the requirements and constraints of the 

stakeholders involved in the project, including both the bank and the customers. The selected model should be skillful in 

comparison to naive models, other tested models, and the state-of-the-art in loan approval classification problems. Therefore, 

the loan approval prediction problem can be considered a classification problem, and a suitable model can be chosen to 

address it. From sklearn.linear_model import LogisticRegression model = LogisticRegression()model.fit(x_train, y_train) 

VII.MODEL EVALUATE 

VII.A) Confusion Metrics 

                     are the tables that is used in classification problems to assess where errors in the model were made. 

 

 

                                                                 Fig. 3. Confusion Matrix 

VII.B) Accuracy 

The accuracy of a model is typically evaluated using predefined metrics. In a balanced class model, high accuracy is often 

observed. However, in the case of an unbalanced class, the accuracy can be significantly lower. 

                                                                                
       

             
 

VII.C) Precision 

The precision value of a model is calculated by taking the percentage ratio of positive instances and the total predicted 

positive instances. The denominator in the precision equation represents the total number of positive predictions made by 

the model for the entire dataset. A high precision value indicates the model's ability to make accurate positive predictions.  

Fortunately, our dataset has yielded a good precision value, indicating the high degree of accuracy of our model. 

                                                                                                 
  

       
     

VII.D) Recall 

Recall is a metric that measures the percentage ratio of correctly identified positive instances to the total number of positive 

instances in the dataset. The denominator of the recall formula, which is the sum of true positives (TP) and false negatives (FN), 

represents the actual total number of positive instances in the dataset. Therefore, recall indicates how many correct positive 

instances the model can identify and how many it may miss. A high recall value means the model is able to correctly identify 

most of the positive instances in the dataset, while a low recall value indicates that the model is missing a significant number of 

positive instances.  
  

       
 

VII.E) F1 Score 
The F1 Score is calculated as the harmonic mean

 [19]
 of precision and recall values. The model that achieves the highest F1 

Score is considered the best performer. The numerator of the F1 Score is the product of precision and recall, and if either 

precision or recall is low, the final F1 Score is significantly affected. Therefore, a model performs well in terms of F1 Score 

if it has a high positive predicted value (precision) and does not miss positive instances (recall) by predicting them as 

negative. 
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VIII.CONCLUSION 

The prediction process begins with cleaning and processing the data, imputing missing values, performing experimental 

analysis on the dataset, building a model, evaluating the model, and testing it on a separate test dataset. On the original 

dataset, the best-case accuracy achieved is 0.811.From the analysis, it is concluded that applicants with the worst credit 

scores are more likely to be denied loan approval due to a higher probability of defaulting on the loan. Additionally, 

applicants with high income and lower loan amounts are more likely to be approved, which is reasonable as they are more 

likely to repay their loans. However, factors such as gender and marital status do not seem to be taken into consideration by  

the company. 

IX.FUTURE SCOPE 

There are several potential avenues for future improvement and expansion when it comes to using supervised machine learning 

algorithms to predict loan approvals. Here are a few possibilities: Integration with other financial systems: Machine learning 

models can be integrated with other financial systems such as credit scoring, fraud detection, and loan servicing systems to create 

a more comprehensive financial ecosystem. This would help improve the accuracy of the model and provide a more seamless 

experience for customers. 
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