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Abstract— Bank Loan is a major burden worldwide in the
21st century. Human services are overpowering national and
corporate spending plans because of asymptomatic loans
including education loans, business loans, etc. Consequently,
there is an urgent requirement for early solution of such loans
balances and finding the persons who are capable of buying
the personal loan. The information which is collected is by
data analysis of banks is utilizing by applying different blends
of calculations and algorithms for the early-stage prediction
of whether the person is able to pay the loan or the customer
is liable to take personal loan. Machine Learning is one of the
slanting innovations utilized in numerical circles far and wide
in many fields. In this research, we compared the accuracy of
machine learning algorithms that could be used for predictive
analysis of loan clearance and predicting overall risks
associated with it. The proposed experiment is based on a
standard machine learning algorithms such as Logistic
Regression, K-Nearest Neighbors (KNN), Random Forest,
Support Vector Machine (SVM), Decision Tree and Gradient
Boosting. Most of the entities in this world are related in one
or another way, at times finding a relationship between
entities can help you make valuable decisions. Likewise, |
will attempt to utilize this information as a model that predicts
the person is able to pay the loan amount or not. Moreover,
the data analysis is carried out in Python using Google Colab
in order to validate the accuracy of all the Algorithms.
Keywords: Machine learning, Data Analysis, Classification
algorithms, Bank Loan

. INTRODUCTION

Banking is presently the leading problem of worldwide. As
expected 69 percent of adults — 3.8 billion people have bank
accounts. Education Loans, Business Loans are related to the
Banking sector. Thus, a feasible and accurate prediction of
bank-related issues is very important. National banks collect
data on various bank-related issues. These data can be
visualized using various machine learning techniques to gain
useful insights. Data collected is very huge and, many times,
this data can be noisy with outliers. As the datasets are too
huge for human minds to visualize, this process can be easily
explored using various machine learning techniques. Thus,
these algorithms have become very useful powerful, in recent
times, to predict the presence or absence of bank-related
issues accurately. To begin with, the work we are using
different types of techniques and algorithms. In this paper, the
classification of machine learning techniques and algorithms
are used to increase the accuracy rate. In Machine learning,
classification algorithms are a supervised learning approach
in which the computer learns from the input data and learn
from it. This data collection may basically be bi-class (like
recognizing whether the individual is male or female or that
the mail is spam or non-spam) or it might be multi-class. Here

are the names of classification algorithms which we are going
to implement and compare the accuracy in this research:

— Linear Classifiers: Logistic Regression

— K-Nearest Neighbor

—  Support Vector Machine (SVM)

— Decision Trees

— Random Forest

— Naive Bayes

— Gradient Boosting

Il. BACKGROUND OF STUDY

Banking is the most important organization in present
scenario because most of the transactions became online. The
bank is a governmental organization that is liable to
government policies. The Bank is having the six types of bank
loans: Education Loans, Loans against PPF, Business Loans,
Personal Loans, Gold Loans, and Vehicle Loans [2]. The
dataset used for the logistic regression analysis is available on
the Kaggle website, from an ongoing bank loan personal
modelling. The classification goal of this study is to predict
whether the customer has the liable to take a loan. The bank
loan personal modelling dataset consists of 5,000 records of
customer’s data and 14 attributes. The data analysis is carried
out in Python programming by using Jupyter Lab which is a
more flexible and powerful data science application software.

I1l. METHODOLOGY

A. Workflow of Building Machine Learning Model

Figure 1 indicates the steps followed in order to build the
model in machine learning.
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Fig 1: Workflow of building Machine Learning Model

I\VV. DATA ACQUISITION

The dataset which is used for classification is collected from
the Kaggle website.
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V. DATA PRE-PROCESSING

Data Preprocessing helps to build up an accurate Machine
Learning model. Data pre-processing is the process of
transforming the data. It will remove all the NAN, NULL
values from our data and brings the data into a format where
a machine can parse it easily. This process is also called as
Data Wrangling. This includes the identification of missing
data, noisy data, inconsistent data, and null values.

A. Proposed System

Start
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Read the Datn

Analysing the Data Data Exploration

= Creating Machine Leaning
Normalised Data Models
Applving Al the
Algorithuns

Comparing the
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Stop

Fig. 2: Proposed System

B. Select Machine Learning Model

Then the pre-processed data is identified for the analysis. We
will be using the Classification Algorithms of machine
learning to compare the best accuracies of all algorithms.

C. Input Variables of the Study

The dataset consists of 14 columns. Machine Learning model

is based on the identification of Dependent Variable.
Age - Customer's age

Experience Nummber of years of professony experiencs
Income: Arrwal incoens of the customer

Zip Code - Home Address Zp Code

Famity : Famiy size of ?he customes
CCAvg Avernge spendng on credt cants por montn
Education: Ecucasion Level 1.Undemracuate 2. Graduae 3. Advanced Professiona

Mortgage. Value of house mortgage ¥ any
Socurities Account Does the cusiomer have o secunties dooount with the bank?

CO Accoumnt ;| Do=s the customer have a oetificats of deposit {CD) account with the bank?

Online: Does Ihe customer use inhemel Banking facites?

CreditCard : Does the cusiomer uses 3 cradt card issued by UnivetsalBark?

Porsonal Loan - Dic 14 Customes Sooegt the pencrsil I0an ofeoed In 1w st compaing™x
5 i ¥ v

Fig. 2: Description of Input Variables

VI. DATA ANALYSIS
Data Analysis was carried out on the Google Colab.

A. Importing the Libraries

Here we have loaded the data into Google Colab to build a
machine learning model. In addition to that, the required

libraries are used as supportive applications for carrying out
analysis on the data .

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt suglisation

rnport seaborn as sns V1SUaLisaaio

¥matplotlib inline

W

B. Reading the Dataset

© A Bussens  Seeme DACum Nl SOAp Meesies Megas

Cntrtwd

C. Data Pre-Processing

The number of missing values are identified for cleaning an
existing dataset. The total percentage of missing values in the
column was identified using the Pandas Data Frame. The total
number of rows with missing values is zero(0). It has used the
Pandas dropna() method which was used to analyze the drop
rows/columns with Null values.

dataset = dataset.dropna()

After applying the Pandas dropna() method which
was used to analyze the drop rows/columns with Null values
we can note by the below.

Age 5000
Income 5688
ZIP Code 5688
Family 5000
CCAvg 5008
Education 5000
Mortgage 5600
Personal Loan 5000
Securities Account 5000
CD Account 5000
Online 5000
CreditCard 5000

dtype: inte4

D. Dropping Irrelevant Columns

This step is certainly needed in EDA because sometimes there
would be columns that we never use and in such cases
dropping is useful. In this case, the columns such as
Experience and Age may not be very relevant. To remove the
columns we have to find the correlation between Experience
and Age. The correlation can be found below.
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experience = dataset|[ 'Experience’]
age = dataset[ 'Age’]

correlation = experience.corr(age)
correlation

2.9942148569683321

E. Finding Correlation by Pearson Method

< S Beeens s SPSom  fewy  CDag Bkiesor wengae TYTTR Mee o

e

Coime 483N 2 —_ e TEi-

We can find that Age, Experience columns are highly
correlated so we can use only one column.

F. Dropping Columns Experience and Id

The Id of a person will not help to build the model. The
Experience is highly correlated to Age. So we will drop
Experience and Id columns.
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G. Visualization of Data by Pair Plot

The following visualization derived through the Google
Colab for display predicators.
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H. Visualization of Data by Scatter Plot

The following visualization derived through the Google colab
for displaying the CCAvg and Income.

. Heatmap to Find the Correlation

fig,ax plt. subplots{figalse

watsop(dataset, corr (), cmape ‘plasm ', srvot-True

anatplotlib, axes, subplots.axesSubplot at ox7?fbesichasss>

We can find that both CCAvg and Income are highly
correlated.

J. Visualization of People by Income with Boxplot

sns . hoxplot (x='Education’ ,yv="1r et hues"Personal Loan ', dats astaser)

<matplotlib.axes. subplots.axessubiplot at ax?foes1f29358>
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K. Visualization of Family by Income Using Boxplot

aata fataset)

<matplotlib.axes, subplots.AxesSubplot at ex7ibhasifezhodr
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L. Transformation of Feature Variables

We found that both CCAvg and Income are highly correlated,
so we have to scale the both attributes by importing Power
Transformer and using the method “Yeo - Johnson’.

from sklearn. preprocessing lsport Power!rantformes
pt Power Trans former{method-"y hrson” L standardize-False)

rans fForem wthod A V stangardize-False

0 values.

VII. TRAINING AND TESTING THE DATASETS
We have used a sci-kit learn library

Now we have to standardize the data and split the data in the
ratio 70:30 for training and testing.

from skiears, mode] selection dspert traie tast split

From skiears. prerocessing dapert Stasdandsaal

VIIl. IMPLEMENTATION OF CLASSIFICATION ALGORITHMS

A. Linear Regression: Logistic Regression

Logistic regression is a classification algorithm, used when
the value of the variable is categorical in nature. The logistic
regression is also known as the sigmoid function which helps
in the easy representation in graphs. In this algorithm, the data
should be imported and then trained. By using equation the
logistic regression algorithm.

from sklearn.linear _model import LogisticRegression
logreg=LogisticRegression()
logreg.fit(x_train,y train)
y_pr'ed=logr‘eg.pr'edict(x_testj|

Confusion matrix of Logistic Regression

from sklearn.metrics import confusion matrix
print(confusion matrix(y test,y pred))
[[1331 25]

[ 58 86]]

Accuracy of Logistic Regression
LRAccuracy = metrics.accuracy score(y test,y pred) * 100

print (LRACCuracy)
Q4 , A6666666666667

We can find the Accuracy score for the test data is 94%. But
in confusion matrix , the false negative are very much that is
above 50%.

B. K-Nearest Neighbors (KNN)

The K-Nearest Neighbors algorithm is a simple, supervised
machine learning algorithm that can be used to solve
problems. Here we are using for predicting whether the
customer is able to take loan or not, using a dataset acquired
from Kaggle. The major drawback of KNN is it becoming
significantly slows as the size of that data increases. It is used
for classification and regression types of problems.
Classification is done based on the majority vote to its
neighbors. KNN is instance-based learning .[1]
from sklearn.neighbors import KNeighborsClassifier
neigh = KNeighborsClassifier(n_neighbors=3)
neigh.fit(x_train,y train)
y_pred = neigh.predict(x_test)
Confusion matrix of K-Nearest Neighbors
from sklearn,metrics Import confusion_matrix
print(confusion_matrix(y_test,y pred))

1324 32]
77 67]]

[l
[
Accuracy of K-Nearest Neighbors

KNMNAccuracy = metrics.accuracy score(y test,y pred)* 180
print(KNNAccuracy)

92.73333333333333

We can find the Accuracy score for the test data is 92%. But
in confusion matrix , the false negative are 77 .

C. Support Vector Machine (SVM)

Support Vector Machine is an extremely popular supervised
machine learning technique (having a pre-defined target
variable) that can be used as a classifier as well as a predictor.
A Support Vector Machine model represents the training data
points as points in the feature space.

SVMAcCcuracy 94.97142857142858
The Accuracy of Support Vector Machine Algorithm is 94%.

D. Decision Tree

Decision Tree Algorithm is known as the supervised learning
algorithm. The decision tree algorithm can be used for
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solving regression and classification problems. The Decision
tree Algorithm is a decision support mechanism that uses a
tree-like model. The goal of using a Decision Tree is to create
a training model that can use to predict the target variable by
learning simple decision rules inferred from training data[2].
print(“DTAccuracy ",metrics.accuracy score(y test,y pred)*iee)

DTAccuracy 92.73333333333333
The Accuracy of Decision Tree Algorithm is 92%.

E. Random Forest

Random Forest Algorithm is used for supervised and
classification, but mostly it’s used for classification problems.
It generates decision trees based on data samples and then
gets the prediction from each of them. After prediction, it
selects the most suitable solution by means of voting. This
random forest decreases the over-fitting by averaging the
result, which is better than single decision tree.

Confusion matrix of Random Forest

from sklearn.metrics import confusion matrix
print(confusion matrix(y test,y pred))

[[1353 3]
[ 15 129]]

Accuracy of Random Forest
print("RFAccuracy”,metrics.accuracy score(y test,y pred))
RFACcuracy @.9886656666666667

The Accuracy of Random Forest is 98.8% with a false

Negatives of 15.

F. Naive Bayes

A Naive Bayes Classifier is a supervised machine-learning
algorithm which assumes that features are statistically
independent. Naive Bayes classifier has proven to predict
good results. Naive Bayes Classifier uses Baye’s Theorem.

print("NBAccuracy”,metrics.accuracy score(y test,y pred))

NBAccuracy ©.8873333333333333
The Accuracy of Naive Baye’s is 88%.

G. Gradient Boosting

Gradient boosting is one of the most powerful machine
learning algorithms. Essentially, the model creates a bunch of
weak models and takes the best components of each one using
gradient descent. Think of this like random forrest but instead
of just averaging all the values, the model picks the best
branches of each tree.
Confusion Matrix of Gradient Boosting
from sklearn.metrics import confusion matrix
print(confusion matrix(y test,y pred))

[[1347 9]
[ 12 132]]

Accuracy of Gradient Boosting

print("GBAccuracy”,metrics.accuracy score(y test,y pred) * 109)

GBAccuracy 98.6
The Accuary of Gradient Boosting is 98.6% and
false negative are 12 which is less among all the models.

IX. COMPARISON OF THE BEST ALGORITHM BY BAR GRAPH

A. Accuracies of All Algorithm Using Bar Graph

By analyzing all the seven Classification Algorithm of

machine learning for the prediction of the customer liablity to

take loan. It comes to know that Gradient Boosting is the most

efficient algorithm out of all seven algorithms, as it has 98.6

% accuracy with 12 false negatives as shown below.
LRAccuracy @ 94.46666666666667 False Megatives 58
DTAccuracy : 98.2 False Negatives 16
RFAccuracy : 98.86666666666667 False Negatives 15
SVMAccuracy : 99.4 667 False Negatives 143
MBACcuracy : 33 False Negatives 56
KNNAccuracy 333 False Negatives 77
GBAccuracy : 98.6 a

RFACcuracy 1
GBAccuracy 4
DTaccuracy
LRACcuracy
KNNACcuracy |
SVMACcuracy 1 j_r_i
NBAccuracy ~ ‘I'=_:‘8‘“

Accuracy velues

From the above analysis we can say that Random Forest has
the highest accuracies among all the model built.

B. Comparision of False Negatives

Companision of False Negatives

SYMFalseNeg

KNNFalseNeg

LAVpliseNeg

N&faiseNeg

DffalseNeg

RffalseNeg

GBFalseNeg

n 15 16 % 58 77 13
False Negatives

Here Gradient Boosting has very less False negatives when
compared with all the models.

C. ROC Curve for Bank Modelling

The Receiver Operating Characteristic (ROC) curve is a
simple plot used to visualize the performance of a binary
classifier. Good classification accuracy models should have
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significantly more true positives than false positives at all
thresholds. Area Under the Curve (AUC) quantifies the
model classification accuracy.

0.6 1

041

SVM (auc = 0.503)
Logistic (auc = 0.789)

True Positive Rate

Decision Tree (auc = 0.947)
024 — Random Forest (auc = 0.947)

— Nalve Bayes (auc = 0.764)

Gradient Boosting (auc = 0.955)
oo4d ’ KNN (8uc = 0.721)

L'l'(l 0.2 Ov-l 0.6 0 87 1 C-V
False Positive Fate
From the Figure we can find the Area under the
curve is more for the Gradient Boosting with auc = 0.955.

X. CONCLUSION

The main aim of this research is to compare the accuracy of
all the classification algorithms to evaluate whether the
person is able to take the personal loan or not. We can to know
that Gradient Boosting is more appropriate algorithm to
predict the customer who are capable. The primary motive of
this research is the prediction of the customer with a high rate
of accuracy by comparing all seven classification algorithms.
Further, the accuracy of the Gradient Boosting model is 98.6
which is best out of all seven algorithms. The value under the
AYC curve is 95 which is greater among all the model which
is more satisfactory.

Xl. FUTURE WORK

Nowadays most of the data is computerized, the data is
distributed everywhere but we’re not utilizing it properly. By
analyzing data we can also use for unknown patterns. The
motive of this future work is to predict the customer who are
liable to take the loan with high rate of accuracy by using the
Classification Algorithms of Machine Learning. For
predicting this with the help of different parameters, we can
use Logistic Regression, Support Vector Machine, KNN,
Decision Tree, Random Forest, Naive Bayes, Gradient
Boosting, sklearn in machine learning algorithm. Moreover,
the model could be improved by using more data and
techniques. The future scope of the paper is the prediction of
the customer with all the parameters by using advance
techniques, with a high rate of accuracy and algorithms in less
time complexity.
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