Journal of 155N: 2395-6720

Artificial Intelligence
Research & Advances

G

STM JOURNALS

Volume 11, Issue 3, 2024
September—December

DOI Journal: 10.37591/J0AIRA

https://journals.stmjournals.com/joaira

Evaluation of Credit Risk of Bank Customers with a
Hybrid Approach of Data Mining Techniques

Mehrnaz Bagheri™*, Mohammad Taghipour”

Abstract

Credit risk poses the most significant threat to financial and monetary institutions. Banks strive to offer
loans that generate high returns while minimizing risk. Achieving this requires the ability to accurately
identify and classify credit customers, both individuals and legal entities, according to their likelihood
of fully meeting their obligations. This classification is done using relevant financial and non-financial
criteria. The primary goal of this study is to assess the factors that influence the evaluation of bank
customers' creditworthiness through a hybrid data mining approach, thereby enhancing decision-
making processes. To accomplish this, financial and qualitative data from 1,000 customer samples were
sourced from the UCI University site, utilizing 24 explanatory variables. Various prediction models,
including decision trees, the Naive Bayes algorithm, support vector machines (SVM), neural networks,
and combinations of these techniques, were employed to predict the risk of loan default. Additionally,
the factors influencing customer creditworthiness were ranked. The findings indicated that the Naive
Bayes algorithm outperformed the decision tree method in predicting loan repayment risk.
Furthermore, the key variables impacting customer validation were ranked using these techniques,
highlighting the superior effectiveness of the Naive Bayes algorithm in guiding banks' decisions on
credit issuance.

Keywords: Credit risk, data mining, decision tree, Naive Bayesian algorithm, support vector machine
(SVM), neural networks

INTRODUCTION

Global competition, dynamic markets, and innovation and technology are reducing, and this is a big
challenge for the banking industry. We should use support systems to improve decision-making
processes in these organizations. One of the major problems of banking and financial systems is credit
risk management as many monetary resources in these institutes are presented as credit to the people
and the return of these resources depends upon the development of institutes. Thus, the evaluation of
credit of customers to pay the loan is an important process and various methods are presented [1].
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Decisions on granting facilities to Iranian bank
clients were formerly made conventionally, with
individual assessments of the risk of non-repayment
serving as the basis [2]. However, the nation's
banks, financial institutions, and households use
more sophisticated techniques, such as statistical
methods, to lower the risk of facility non-repayment
because of the growing demand for bank facilities
from these groups of people and businesses, as well
as the rise in intense commercial competition. This
is the situation. Currently, banks categorize
applicants and forecast the likelihood of a short
payback of facilities based on the credit ratings of
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their customers. Exploiting advanced technologies such as data mining will certainly be a constant
challenge for bank professionals. This is because they are creative and strive to innovate. As a result, it
is realistic to employ data mining techniques to verify Mob Bank customers [3]. This research uses the
creation of a credit risk prediction system with the help of a neural network, decision tree, simple Bayes
algorithm, and Pashtian SVM, which saves time, and money, eliminates personal judgments, and
increases accuracy. All types of facilities have advantages in evaluating applicants.

PROBLEM STATEMENT

To be aware of the requirements and behavior of customers in giving credit loans, banks should
identify their features. This leads to a reduction in bank risk including credit risk. Various studies have
validated the identification of good and bad customer accounts in banks. Credit risk is one of the most
important risks affecting monetary and financial institutions. Credit risk is the risk by which the loan
receiver cannot pay out the principal and interest of the loan in accordance with the contract terms. In
other words, according to this risk, payouts are performed with delay, or they are not collected. This
leads to problems with cash flow turnover in banks. Despite the existing innovations in the financial
service sector, this type of risk is the major reason for the failure of financial institutions. Normally,
80% of a bank’s balance sheet refers to some aspects of this type of risk. Credit risk is one of the main
causes of bank bankruptcy. Based on the economic structure of our country and for reasons such as the
lack of development of capital markets and other non-bank networks, funding of real sectors of the
economy is dedicated to the bank network of the country. Banks attempt to provide loans to companies
with high returns and low-risk. This is fulfilled if banks can identify their credit customers, including
real and legal entities, and classify them based on their tendency to pay out of obligations using
appropriate financial and non-financial criteria. Under such a system, loans are given to those with low
credit risk and high payout potential. These assets can be used as financial sources for subsequent loans;
they can play an important role in the increase in investment, growth, and economic development. Data
mining is used to solve certain problems, and it uses fields such as databases, artificial intelligence,
machine learning, neural networks, statistics, model identification, knowledge-based systems,
knowledge acquisition, data recovery, high-speed computation, and data visual representation. Valuable
data are obtained via a data mining technique. The data mining process involves knowledge extraction
of existing data and turning it into an understandable structure to use the data. Data mining, as a special
technique to obtain useful information, has been of great importance in recent years. Data mining is the
process of defining existing models in the data. These models are valid, unique, and potentially useful.
In other words, data mining techniques are used to find interesting models in databases hidden in large
amounts of data.

IMPORTANCE AND NECESSITY OF RESEARCH

Since 1950, when the computer was used in data analysis and storage, the volume of information
stored doubled after approximately 20 years and doubled once every 2 years as the data volume in the
database improved. It is still faster than ever before the volume of stored information has increased in
database technology, and its extensive use in various applications has led to a large amount of data
collection. These data have created the need for powerful tools for analyzing past data. Because we are
currently wealthy, we lack information, so the need to extract information and knowledge for decision-
making is increasing day by day [4]. Obtaining information from bulk data is essential for effective
management. The intensity of competition in the scientific, social, and economic fields has also doubled
the importance of speed or access to information. On the other hand, there is a need for systems that
can explore information rapidly with less human intervention and turn to statistical methods. It was
tailored to the size of the data.

Data mining is a process that emerged at the beginning of the 1990s and deals with a new approach
to information extraction from databases. In our country, organizations, companies, and institutions are
increasingly building or purchasing database software and mechanizing their information systems. It
shows. Therefore, given the growing growth of databases in organizations and the need to analyze these

© STM Journals 2024. All Rights Reserved 64



Journal of Artificial Intelligence Research & Advances
Volume 11, Issue 3
ISSN: 2395-6720

data in their decisions, it can be said that job data approaches are the most appropriate option for
managers [5].

Information, if not properly managed instead of helping the company, will waste resources and
confusion and disrupt the work process. Effective information can be extracted using data mining
approaches, which can offer decision-making management. Data extraction is facilitated by data mining
techniques, such as clustering valuable and relevant information. On the other hand, we are speaking at
a time when it comes to satisfying different and growing human needs and understanding the different
and complex physical and mental aspects of the human being. Given the limitations of various sources,
the use of tools and methods such as categorizing individuals into different classes can help meet these
needs. To find hidden information in data, use decision-makers, and decrease data volume, it is
important to apply a categorizing strategy in conjunction with a combined data mining approach [6].

RESEARCH METHODOLOGY

This research is practical from the point of view of the goal, and in terms of method, it is descriptive-
analytical research in terms of investigating and identifying factors affecting the risk of bank customers.
Therefore, the library method was used to review the literature on the subject. In the next step, by
examining library studies, studying previous research, and using the experiences of bank experts,
indicators of customer credit that affect their performance in repaying facilities were identified.

Coding of the neural network and decision tree models and other data mining technigues was
performed using Rapid Miner 5.3 software and by providing the criteria data required by customers as
input to the developed approaches, the output results in each repetition were presented and the credit
rating of customers was determined. In addition, with the help of data mining techniques, we attempted
to identify the effective factors in the credit risk of bank customers. Finally, after the application of data
mining, banks, and financial institutions can provide facilities to customers with more confidence and
less risk. Acting yourself [7].

RESEARCH GOAL

The main purpose of this research is to evaluate the factors affecting the creditworthiness of bank
customers with a combined approach of data mining to improve decision-making. The purpose of this
research is divided into three groups:

1. Evaluation of effective factors on the credit of bank customers.

2. Determine which data mining technique is suitable to evaluate the credit of bank customers.

3. To get the best credit risk prediction outcomes, compare data mining methodologies.

STUDY QUESTIONS

This study evaluates bank customers’ credit risk using a hybrid approach of data mining techniques.
This study aimed to answer the following questions:

1. What are the effective factors in the assessment of credit of bank customers?

2.  Which of the data mining techniques is suitable to evaluate customers’ credit?

DIFFERENT TYPES OF DATA MINING

Data mining was either directed or undirected. Directed data mining has a special goal variable
following a special model, but undirected data mining finds models or similarities between groups of
data without having a special target goal or a set of pre-defined models and sets [8].

Data Mining Duties

What can we do with data mining? Data mining consists of six important functions and most of these
issues can be considered as follows:

1. Classification

2. Estimation

3. Prediction
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4. Similarity grouping
5. Clustering
6. Description and indexing

The first three cases are directed data mining, and they aim to determine the value of the variable of
a special target. Similarity grouping and clustering are undirected data mining, in which the goal is to
find the latent structure of data without considering a special goal. Indexing is a descriptive action that
is both directed and undirected. Each is explained briefly below [9,10].

Classification

The classification and prediction of the two operations are used for data analysis and model extraction
for important datasets and the prediction of their future behavior. Classification models are used in
discrete and classified data analyses, while prediction or regression models work on continuous data. For
instance, a classification model can be used to divide bank loans into risky and non-risky categories.
Prediction models can predict customers’ expenditures and costs based on their job and income features.

Classification is the process of finding a model by identifying sets or data concepts that predict the
unknown sets of other objects. Classification is a learning function that maps a data item onto a pre-
defined set. The existing data were divided into training and tests. The training data to learn the rules
were used by the system, and the test data were used to evaluate the model accuracy. Classification
models were used for discrete and classified data analyses. The classification was supervised learning.

Decision Tree
Decision tree is one of the most famous classification models. In decision-tree-based classification
algorithms, the output knowledge is presented as a tree of different feature states.

Decision trees are employed in accordance with the principles of decision-making, and if we state
the result of classification in the form of risky loans against low-risk loans, purchases, or non-purchases,
decision trees are an efficient method.

One of the advantages of a decision tree is better recognition of important fields as in the decision
tree, as important fields are automatically transferred to the upper nodes of the tree, and the decision
tree ignores less important fields.

The decision tree model is a set of it and then rules and the data are completely shown in most cases.

CART ALGORITHM

This operator, with the learning capability of nominal or numerical input data, makes a decision tree
as an output model. In the CART method, the Gini index parameter is selected to apply the entropy
method [11, 12].

e First model: CART

o Input data: All fields except the target variable

e Purpose: Good customer account and bad customer account

As shown in Figures 1 and 2, a general report on the role of fields, name of fields, type of fields,
statistics index, field range, and lost values can be observed.

As shown in Figure 3 and Table 1, the model accuracy during training was 75.30.

METHOD

The dataset is divided into two equal parts. One of the two parts was considered as the training data,
and the model was based on it. Then, another dataset was used to evaluate the model. We have now
changed the position to two datasets. The first dataset was used for evaluation, and the second dataset
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for operation evaluation was used for training and modeling. The mean accuracy in the two stages is
introduced as the final accuracy. This assessment method is called 2-fold cross-validation .1f instead of
2 times, we do it K times instead of two times, the K-fold cross-validation method is achieved, as shown

in Figure 4.

The larger the value of K, the more reliable the accuracy of each classifier, and the more

comprehensive the knowledge.

As shown in Figure 5 and Table 2, the model accuracy in the test section was 71.10%.

As shown in Figure 6, the most important fields include:
Status of existing checking account

Duration in month
Personal status and sex
Property

Credit amount

Number of existing credits

Table 1. The criterion comparison in training in the CART model.

Recall Precision Class
85.43% 80.48% 1= Good
51.67% 60.31 % 2 =Bad

Accuracy=75.30

Classification Error = 24.70

Table 2. Criterion comparison in test section in CART model.

Recall Precision Class
82.14% 77.81% 1=good
45.33% 52.11% 2 = bad
Accuracy=71.10
Classification Error = 28.90
Read Excel Select Attribu... Apply Model
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Figure 1. The structure of operators in the CART model.
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Figure 4. The structure of operators in test in CART model.

accuracy: 71.10% +i- 3.11% (mikro: 71.10%)

pred. 1
pred. 2

class recall

Figure 5. Model accuracy in test in CART model.

frue 1

575
125

82.14%

Analysis of Decision Tree
If the Status of the existing checking account is equal to 3 or 4, then that person is in class 1.

NAIVE BAYES

If the Status of the existing checking account is equal to 2, personal status, and sex 4, then that

person is in class 2.

If the Status of the existing checking account is equal to 2, personal status, and sex 2, then that

person is in class 1.

If the Status of the existing checking account is equal to 1 and the duration in month 11, then that

person is in class 1.

If the Status of the existing checking account is equal to 1, the duration in a month is bigger than

true 2 class precision
164 77.81%

136 52.11%
45.33%

11, Duration in months is larger than 31, then that person is in Class 2.

If the Status of the existing checking account is equal to 1, the duration in months is bigger than
11, the Duration in months is smaller than or equal to 31, and the job is equal to 1, then that

person is in class 1.

A probable framework is used to solve classification problems.

Naive Bayes can create a probable model by combining the observation evidence of the real world,
and occurrence probability is achieved via the set of irrelevant features, as shown in Figure 7.

Second model: Naive Bayes

Input data: All fields except the target variable

Purpose: Good customer account and bad customer account

As shown in Figure 8 and Table 3, the model accuracy for the training was 75.80%.
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Figure 7. The structure of operators in training in Naive Bayes.
accuracy: 75.80%
true 1 true 2 class precision
pred. 1 587 129 81.98%
pred. 2 113 171 60.21%
class recall 83.86% 57.00%

Figure 8. Model accuracy in training in the Naive Bayes model.

Table 3. The criterion comparison in training in Naive Bayes.

Recall Precision Class
83.86% 81.98% 1= good
57.00% 60. 21 % 2 = bad

Accuracy=75.80

Classification Error = 24.20

The evaluation of the classification algorithms is shown in Figure 9, where k represents K-fold cross-
validation with a value of K= 10.

As shown in Figure 10 and Table 4, the accuracy of the model in the test section is 73.60%.

Probability analysis as shown in Figure 11 is described as:

If the status of the existing checking account is equal to 1 with a probability of 45%, it is in class 2.
If the status of the existing checking account is equal to 2 with a probability of 35%, it is in class 2.
If the status of the existing checking account is equal to 3 with a probability of 49%, it is in class 1.
If the credit history is equal to four, with a probability of 34%, it is in class 1.

If Present employment is equal to 3, with a probability of 57%, it is in class 1.

If Personal status and sex were equal to 1, with a probability of 31%, it was classified as class 1.
If the Other installment plans are equal to 1, with a probability of 62%, it is in class 2.

If the job is equal to zero with a probability of 94%, it is in class 2.

If the foreign worker is equal to zero, with a probability of 84%, it is in class 1.
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ALGORITHM OF SUPPORT VECTOR MACHINE

Support vector machines (SVM) is a classification method applied to a big dataset, as shown in Figure
12. A large dataset contains more node predictions [13].

e Third model: SVM algorithm

e Input data: All fields except the target variable

e Purpose: Good and bad customer account

As shown in Figure 13 and Table 5, the model accuracy for the training was 72.00%.

Table 4. Criterion comparison in test section in Naive Bayes.

Recall Precision Class
83.00% 80.03% 1= good
51.67% 56. 57 % 2 = bad

Accuracy=73.60

Classification Error = 26.40

Table 5. The criterion comparison in training in SVM.

Recall Precision Class
97.71% 72.15% 1=good
12.00% 69. 23 % 2 =bad

Accuracy=72.00
Classification Error = 28.00

Haive Bayes Apply Model Performance

) ( tra oy mod ) ( mod maod ) ( med y lab ) ( lab @ per ) (
"U" Bxa ) ( thr  tes :) ( unl @ miod ) pEr % exa :)
o thr thr} O ]
thr
Figure 9. Operators structure in test in Naive Bayes model.
accuracy: 73.60% +/- 3.32% (mikro: 73.60%)
true 1 true 2 class precision

pred. 1 581 145 80.03%
pred. 2 119 155 56.57%

class recall 83.00% 51.67%
Figure 10. The model accuracy in the test section in the Naive Bayes model.
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Evaluation of classification algorithms, as shown below in Figure 14, where k is K-fold cross-
validation with a value of K= 10.

As shown in Figure 15 and Table 6, the model accuracy was 71.20%.

Table 6. The criterion comparison in testing in SVM

Recall Precision Class
97.00% 71.78% 1=good
11.00% 61.11 % 2 = bad

Accuracy=71.20
Classification Error = 28.80

Attribute Parameter 1 2
Status of existing checking account value=1 0.199 0.450
Status of existing checking account value=2 0.234 0.350
Status of existing checking account value=4 0.497 0.153
Status of existing checking account value=3 0.070 0.047
Status of existing checking account  value=unknown 0.000 0.000
Duration in month mean 19.207 24 860
Duration in maonth standard deviation 11.080 13.283
Credit history value=4 0.347 0167
Credit histary value=2 0516 0.563
Credit history value=3 0.086 0.093
Credit histary value=0 0.021 0.083
Credit history value=1 0.030 0.093
Credit histary value=unknown 0.000 0.000
purpose value=radioftv 0.311 0.207
purpase value=education 0.040 0.073
purpose value=furniturefequipment  0.176 0.193
purpase value="new car 0.207 0.287
purpose value="used car 0123 0.057
purpose value=business 0.080 0113
purpose value="domestic appliance’ 0.011 0.012

Attribute FParameter 1 2
purpose value=repairs 0.020 0.027
purpose value=other 0.010 0.017
purpose value=retraining 0.011 0.003
purpose value=unknown 0.000 0.000
Credit amount mean 2.290 1.673
Credit amount standard deviation 1.651 1.303
Savings account/bonds value=5 0.270 0.213
Savings accountbonds value=3 0.336 0.347
Savings accountbonds value=4 0193 0130
Savings account/bonds value=1 0.056 0.077
Savings accountbonds value=2 0.146 0.233
Savings accountbonds value=unknown 0.000 0.000
Present employment since value=3 0.574 0.487
Present employment since value=2 0.287 0.363
Present employment since value=1 0.043 0.067
Present employment since value=4 0.096 0.083
Present employment since value=unknown 0.000 0.000
Installment rate mean 2.843 2.850
Installment rate standard deviation 1.108 1.085
Personal status and sex value=1 0317 0.200
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Aftribute

Personal status and sex
Personal status and sex
Personal status and sex
Personal status and sex
other parties

other parties

other parties

other parties
Presentresidence since
Present residence since
Property

Property

Property

Property

Property

Age inyears

Age in years

Other installment plans
Other installment plans
Other installment plans

Attribute

Housing

Housing

Housing

Mumber of existing credits
Mumber of existing credits
Job

Job

Job

Mumber of people being liable
Mumber of people being liable
Telephane

Telephone

Telephone

foreign worker

foreign worker

foreign worker

u

u

u

]

Figure 11. Probability output in Naive Bayes.

NEURAL NETWORK

Parameter
value=2
value=4
value=3
value=unknown
value=none
value=guarantor
value="co applicant
value=unknown
mean
standard deviation
value=2
value=1
value=3
value=4
value=unknown
mean
standard deviation
value=2
value=1
value=unknown
Parameter

value=1

value=2
value=unknown
mean

standard deviation
value=0

value=1
value=unknown
mean

standard deviation
value=0

value=1
value=unknown
value=0

value=1
value=unknown
value=1

value=0
value=unknown
value=0

0.230
D124
0.329
0.000
0.907
0.060
0.033
0.000
2.726
0.659
0.344
0.619
0.031
0.006
0.000
1.156
0.363
0.416
0.584
0.000

0.953
0.047
0.000
0.207
0.406
0.877
0.123
0.000
0.907
0.290
0.967
0.033
0.000
0.844
0.156
0.000
0.753
0.247
0.000
0.979

0.237
0223
0.340
0.000
0.907
0.033
0.060
0.000
2557
0.793
0.307
0667
0.020
0.007
0.000
1.153
0.361
0.377
0.623
0.000

0.987
0.013
0.000
0.297
0.458
0.943
0.057
0.000
0.907
0.291
0.940
0.060
0.000
0.767
0.233
0.000
0.620
0.380
0.000
0.977

Neural networks are simple modules of the human neural system. The basis is a neuron organized in
some layers. A neural network called a multi-layer perceptron is a simplified model of data processing
in the human brain. Neural networks simulate a series of internal connections among neurons, as shown

in Figure 16.

e Fourth model: Neural Network

o Input data: All fields except the target variable

e Purpose: Good and bad customer account

As shown in Figure 17 and Table 7, the model accuracy was 96.30%.

The structure of the operators in training in neural net is shown in Figure 18.
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Figure 12. The operators’ structure in training in the SVM model.
accuracy: 72.00%
frue 1 true 2 class precision
pred. 1 684 264 T2.15%
pred. 2 16 36 69.23%
class recall 97.71% 12.00%
Figure 13. The model accuracy in training in SVM.
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Figure 14. The operators’ structure in testing in the SVM model.

Recall

Precision Class
98.86% 95.98% 1= good
90.33% 97.13 % 2 =bad

Accuracy=96.30

Classification Error = 3.70

Table 7. The criterion comparison in training in a neural net.
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accuracy: 71.20% +/- 1.08% (mikro: 71.20%)

true 1 true 2 class precision
pred. 1 679 267 71.78%
pred. 2 21 33 61.11%
class recall 97.00% 11.00%

Figure 15. The model accuracy in testing in SVM algorithm.
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Figure 16. The structure of operators in training in neural net.
accuracy: 96.30%
true 1 true 2 class precision
pred. 1 692 29 95.98%
pred. 2 8 271 97.13%

class recall 98.86% 90.33%
Figure 17. The model accuracy in training in neural net,

Table 8. The criterion comparison in training in neural net.

Recall Precision Class
86.86% 73.08% 1= good
25.33% 45. 24% 2 =bad

Accuracy=68.40
Classification Error = 31.60

As shown in Figure 19 and Table 8, the accuracy of the model was 68.40%.

The Majority Vote Hybrid Method

The main idea of this operator is the selection of the majority vote for classification and the mean of
the estimated values for the regressions. The vote operator had a microprocessor with two modeling
operators. To estimate the tag of a new sample, each model in the vote operator microprocessor states
their proposed class tag as a vote. Finally, by counting votes, the majority vote is used as the tag of
class, as shown in Figures 20-22. This method can considerably increase the model accuracy, and the
model is stable against a set of data with noise or lost values.

The model accuracy in the combined structure of four algorithms is shown in Figure 23.
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RESULT
As shown in the models and above sets we have:

The total accuracy of the model in classes 1 and 2 is presented in Table 9.

Hominal to Hu... Apply Model Performance
) ( exa exa ) G tra mod D ( mod mod :1 ( mod lab ) C lab - |J?I')
ﬁ .1 )
m ori W exal) thr  tes [} q unl W  mod (g per 09 eal)
pre ) (5} thr (5} 2]
e

Figure 18. The operators’ structure in training in neural net.

accuracy: 68.40% +/- 4.74% (mikro: 68.40%)

true 1 true 2 class precision
pred. 1 608 224 73.08%
pred. 2 92 76 45.24%
class recall 86.86% 25.33%

Figure 19. The model accuracy in testing in neural net.

Read Excel Select Attribu... Validation
G il % out :) C exa exa ) C tra mod
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Figure 20. The structure of operators in the main process.
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Vote Apply Model Performance
tra 3 mod maod mod mod  — lak 1] — per
i | (0
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----- thr ® 0

Figure 21. The operators’ structure in training and testing mode.

Decision Tree
:1 C tra m mod ) C
D W exal {
D ] {
D {
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'U exa )
&)
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Figure 22. The operators’ structure in the base learner.
accuracy: 72.50% +/- 2.94% (mikro: 72.50%)
frue 1 true 2 class precision
pred. 1 645 221 74.51%
pred. 2 54 79 59.40%
class recall 92.29% 26.33%

Figure 23. The model accuracy in the combined structure of models.

Precision of Good Class Using Precision Criterion
Precision criterion: This is based on the classifier prediction accuracy, and it shows how much trust
we can have in the output of the classifier, as shown in Table 10.

The accuracy of each model and its comparison with the combined structure of the four models using
the majority vote are shown in Table 11.
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Table 9. Total accuracy in two classes 1, 2.

Model Model accuracy in training Model accuracy in testing
C4.5 75.30% 71.10%
Naive Bayes 75.80% 73.60%
SVM 72.00% 71.20%
Neural Net 96.30% 68.40%

Table 10. Accuracy of good class using precision criterion.

Model Model accuracy in training | Model accuracy in testing | Model
CART Precision 80.48% 77.81%
Naive Bayes | Precision 81.98% 80.03%
SVM Precision 72.15% 71.78%
Neural Net Precision 95.98% 73.08%

Table 11. The accuracy of each model and its
comparison with the four models.

Model Model accuracy in testing
CART 71.10%
Naive Bayes 73.60%
SVM 71.20%
Neural Net 68.40%
VOTE — Majority vote 72.50%

The results of evaluation of four models

82

80

78

76

74

72

70

68

66 Lt LT LTLT. LT
Cart Naive Bayes SVM Neural

B The results of evaluation of four

models 77.81 80.03 71.78 73.08

Figure 24. The assessment results of four models.

For effective competition in competitive markets, banks should have better perceptions of customers
and the market. The banking industry has imposed significant changes to its activities. Pioneer banks
use data mining tools for dividing customers, validating, and confirming them, predicting non-payouts,
marketing, and identifying fraud models. This study attempts to use data mining in the banking industry
to predict customer lending. Decision-making trees, Naive Bayes, support vector machines, and neural
networks have acceptable accuracy in data mining of collected data regarding bank customers. The
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results show that Naive Bayes has better performance compared to other algorithms in the prediction of
giving loans to customers, as shown in Figure 24. By selecting good and bad customer accounts as the
target variable and 24 predictive variables, it was predicted that the status of the existing checking
account, duration in months, personal status and sex, Property, Credit amount ,and number of existing
credits were recognized as important variables.

CONCLUSION

The main purpose of this research was to investigate the factors that affect bank customers’ credit
using a combined approach of data mining to improve decision-making. We know that banks are trying
to grant their facilities to customers who, while having low-risk, can have a return commensurate with
the interest of the granted facility. This project attempted to use data mining in the banking industry to
predict the payment of credit facilities to customers. Decision trees, simple Bayes, support vector
machine, and neural network, despite their simplicity, provided acceptable accuracy results in the data
mining of the collected data related to bank customers, and the results showed that simple Bayes
performed better than other algorithms in predicting credit facilities for customers.
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