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Abstract. Financial credit risk analysis management has been a foremost influ-

ence with a lot of challenges, especially for banks reducing their principal loss.
In this study, the machine learning technique is a promising area used for credit
scoring for analyzing risks in banks. It has become critical to extract beneficial

knowledge for a great number of complex datasets. In this study, a machine learn-
ing approach using Chi-Square with SVM-RBF classifier was analyzed for Taiwan
bank credit data. The model provides important information with enhanced accu-
racy that will help in predicting loan status. The experiment achieves 93% accuracy
compared to the state-of-the-art.

Keywords: Credit risk - Chi-square - SVM - Bank - Machine learning

1 Introduction

Credit risk prediction is a critical issue faced by several sectors such as banks, telecom-
munications, among others. Nowadays, it helps in evaluating the loyalty of customers
and helps the bank in minimizing possible loses and maximize the volume of credits [1].
Credit risk contains the peril taken by the bank, because a customer may fail to meet
their loan obligations requiring prediction of the customer by using previous records
and information for proper decisions [2]. Divers technology innovations have made it
possible for banking sectors to incorporate efficient delivery channels, and deal with
several challenges posed by the economy. Banks need to take customers relationships
as an important factor that determines their success [3].

Machine learning has proven to be a method that helps in fetching relevant informa-
tion from huge data with hidden pattern [4-6] that can to solving challenges of whom is
worthy of giving loans to and not [7, 8]. A lot of machine methods have been proposed
by different researchers, using different algorithms to improve decision-making.

In recent times, several approaches like stochastic optimization technique, evolu-
tionary algorithms and support vector machine (SVM) have revealed capable results in
terms of accuracy prediction [9-11].

In this study, a feature selection based on Chi-square algorithm is proposed with
SVM classifier for credit scoring tasks, using a Taiwan bank credit dataset, for systemic
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attributed risks of the banking system, to study and analyzed the design and compare
these model on evaluation areas that identify risk customers from a large number of
customers and provide an effective procedure for a bank loan agreement.

2 Related Works

Several studies have been carried out in literature by numerous researchers to further
enhance prediction of credit risks in banks, as loses encountered in decision making for
loan issuance to customers. This section discusses several works done with approaches
used to achieve better decision making.

Bank credit default prediction based on a machine learning approach was proposed
[7]; it is of the essence to identify the potential risks in giving out bank loans to cus-
tomers. The objective of their study was to use the classification methods in classifying
loans for customers. Random Forest, Logistic Regression, SVM classification algo-
rithms were used to analyze the bank credit data, compared, and identify risk customers
from large numbers of customers by providing the solid base for bank loan approvals.
Their result showed Random forest outperforming other techniques with 88%. This
paper contributed, by providing an efficient experimental basis for bank loan approvals
and identifying risks of issuing huge loans to customers using classification techniques,
they used a small public bank credit dataset, that suggests the experiment is not well
comprehensive enough.

A credit risk analysis and prediction model for bank loans using R was proposed
for related risks in bank loans, to reduce the problem of capital loss. The objective of
their study is to design a model to identify probable defaulters of bank loan applicants
effectively, they used clustering and classification techniques in their methodology, and
the class labels were predicted, their experiments achieved high accuracy of 94.3%. In
their contribution, they made an effective framework for identifying the probability of
customers to defaulting bank loans. Their work was limited to an open-source repository
and suggested more efficient data with a better tool for the application of machine learning
techniques [1].

There requires the need for the bank industry to predictive modelling issues for credit
defaulters accurately. The objective of this paper was to create a credit scoring model
using machine learning approach. A prediction loan status for commercial banks using
machine learning classifier was proposed [2], by analyzing model for credit data, they
used a min-max normalization and KNN classifiers in their method. The model designed
provided important information with efficient accuracy of 75%. In their contribution, the
proposed loan status model that can help predict validly and defaulting loan customers.
The study’s limitation suggests further study on the iterations to avoid huge losses in
banks.

It is of importance for banking sectors to strategic in their mode of analysis. Data
mining has proven to help discover patterns and relationship in data [ 13—15]. An overview
of machine learning techniques and its applications in the banking sector was studied.
The objective of this study was to analyze data mining techniques for decision making
in banking sectors, several data mining technique methods were analyzed for fraud
prevention, detection, retention, marketing and risk management [3]. The result of their
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study showed several promising approaches, and their contributions were to suggest a
combination of various techniques on bank records. Analyzing credit reis is a major
problem; the objective of this study was to propose an overview for bank credit risk
prediction using systemic reviews where applications of artificial intelligence like ANN
were found efficient. In their result, several applications and methods for credit risk
research were discussed, and they made a huge contribution by reviewing several works
and suggested other approaches for a more accurate prediction approach, and systematic
reviews for developing credit risk assessment approaches [16, 17].

A major problem the financial institution faces is credit risks. The objective is to
suggest a credit risk prediction model based on SVM method for enterprises [18], using
an index approach that considers leading enterprises credit status with neural network
for alleviating credit rationing on SMEs, their result was promising, with 94% accuracy.
In their contribution, they suggested an approach to help solve the problem of banks
incorrect labelling of worthy creditors as a default customer and improve the credit
rating status. The limitation of their study evolved around the superiority of predicting
default behaviors in customers due to insufficient sample size data. Determination of the
probability of defaulters in commercial banks is a big problem; several machine learning
approaches have been suggested and requires good suggestions. The objective of this
study was to propose a Credit risk assessment using ANN and SVM [19], a comparison
was made using performance metrics with the confusion matrix to identify the most
efficient model, their results showed RBF-SVM outperformed with 88% accuracy, which
is a very efficient model to improve Tunisia credit risk management for monitoring and
managing credits in banks. The major contribution of their study was to check through
the ability of machine learning models for prediction of credit risks in customers seeking
bank loans. The study suggests a hybridize model due to the limitation of the scoring
model studied corporate account data.

Analyzing and predicting loan payback is a huge problem in the banking sector.
The major objective of this study was to find the customers nature of the application
for loans by exploring the analytical techniques of the record for prediction of loans
was proposed [20], to find the nature of clients applying for personal loans using an
exploratory data analysis technique in dealing with problems. The study used several
analytical methods such as the customer income, classification of customers, terms of
loan, categories, experience and job. The result analysis showed short term loans. The
main contribution of the study is by classifying and analyzing the nature of the applicant’s
loan. The limitation of the study suggested an extension of the study into a higher level
and consideration of other factors for loan prediction.

Credit risk management and its analytical approaches is a major issue in decision
making for the financial sector. The objective of this study is to construct a credit scoring
model. Credit scoring using feature selection with deep learning method [9], to evaluate
applicants credit score from applicants input features on Australian and German credit
data, their result showed an efficient prediction rate with comparable performance with
86% overall accuracy. The contribution of this work focused on determining higher
acceptable accuracy. The workload for credit evaluation is a limitation as there was less
computational intensiveness.
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Problems encounter in financial sectors for identifying defaulters and granting credits
is alarming. This study proposed model types to address credit scoring. Credit scoring
metaheuristic approaches have been proposed [21], with artificial intelligence techniques
to address assessment procedures with a compilation of past experiments and results.
This study majorly contributed to the formulation of a credit scoring model using SVM
and MA approach. Various limitations were observed in the assessment procedure and
suggested futuristic directions.

Risks in the banking sector is a problem and require a better analytical approach.
The objective of this study is to apply machine learning technique to predict banking risk
systems using SVM [22], was suggested to predict bank risks in an attempt to suggest an
innovative model with better explanation stability, SVM classifier with Chinese bank data
projected an efficient result of 85% accuracy. The major contribution of the study was
to validate the prediction performance using SVM classifier and to construct prediction
indicators. The empirical analysis of the prediction accuracy can be further enhanced due
to the limitation in the prediction model. A problem associated with SVM evaluation of
variable predictors requires more work. The objective of this study was to extend an RFE
feature selection approach for proposing the visualization of iterations and identification
of relevant predictors for non-linear kernel methods. There result proved RFE-pseudo-
samples outperformed other methods. The contribution of their study is majorly on
the interpretation of variables relevant for classification, with a more computational
complexity as a limitation of the study [23].

Business failure prediction is a challenge. Machine learning algorithms [24] were
applied to business failure prediction [25]. The objective of the study was to investigate
efficient algorithms for commercial bank distress. They proposed a cost-effective predic-
tion variable selected from variable eliminating phases and sensitive attribute evaluators,
by considering Naive Bayes, KNN, ANN, SVM, C4.5, CHAID and CRT methods. Their
experiment showed an evaluation performance with enhancement and comparisons of
91% overall accuracy. The major contribution of this study was to efficiently utilize
machine learning algorithms for financial distress prediction with a limitation of not
assessing financial structure, which can be misleading in prediction methods.

The credit scoring problems in banks requires improvement of predictive approaches
that are relevant. The objective of this study is to improve prediction analysis by intro-
ducing a credit scoring machine learning technique, using PCA and Binary logistic
regression [27] was proposed to improve the predictive power of prediction credit appli-
cant status and compared, with an accuracy of 72%. The major contribution of this study
is by using binary logistic regression to predict customers status in the bank. The limi-
tation of the output requires futuristic works to enhance the accuracy and performance
of the study.

The problem of predicting factors in the financial institution has drawn the attention
of researchers, the objective of this study is to predict microfinance credit defaulter in a
Ghana bank [28], by examining factors predicting the bank’s credit fault, by using chi-
square with classification, the result achieved 83%. This study contributed by predicting
loan determinant through customers record and requires further study by consulting
other machine learning approach, due to the limitation in the record used.
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There is a problem existing in the influencing of banking adoptions. Chi-square
approach was used for banking adoption as an approach [29], to investigate factors
influencing adoption of bank credits and reveal more insights.

3 Materials and Methods

3.1 Bank Credit Scoring Benefits

A lot of benefits come along with credit scoring, for both lenders, borrowers and the
banking industry. It helps in reducing discrimination by providing objective analysis of
creditworthiness to customers. It enables credit providers in focusing on the relevant
information relating to credit risk and avoiding of personal subjective of an analyst such
as; formal loan application, interests, terms and conditions, charges, among others [27].

3.2 Data Mining

Datamining is the discovery of the knowledge of huge amount of data, which helps in
discovering interesting patterns within the data for decision making, that can help predicts
and classify the behaviour of the model [13, 15, 30]. Converting the information into
meaningful form is a needful competitive intelligence. Several techniques have existed
in literature, and have been used for creating predictive models. Several dimensionality
reduction, clustering and classification approach for datamining have been used to model
the prediction of chur customers in the banking sector. Some of these techniques used
to achieve these models are the decision trees, SVM, Neural networks, random forest,
k-means, PCA, ANOVA [31, 32], among others.

3.3 Dataset

In this study, a customer credits risk prediction was proposed for determining the churn
rate of the financial sector. The predictive model uses an open-source Taiwan bank credit
dataset with 30,000 instances, and 25 attributes [26], Chi-square and SVM approach is
proposed to estimate the credit scoring model.

3.4 Method

In this study a Taiwan credit data is used for the credit risk prediction, Chi-Square
algorithm is used as a feature selection algorithm to eliminate unwanted information
in the data, the SVM classifier is used to evaluate performance. Figure 1 shows the
workflow for the study bypassing the high dimensional data into chi-square, the reduced
data is classified, using SVM, and the results of the experiment are evaluated.
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o Data Sét

Chi-Square

Fig. 1. The framework of the experiment

3.5 Chi-Square Algorithm

Chi-square is a non-parametric algorithm in machine learning used for the testing hypoth-
esis of an association between groups or population, for testing observed distribution [33,
34]. The chi-Square approach consists of specifying the hypothesis, devise an analytical
plan, examine the sampling data, and deduce the results [35].

o0 — E2
ZX O -E)” 0

Chi-square compares obtained values for the frequencies of classes, by splitting pre-
dictable frequencies of the class. Samples N;; are the number of samples of C; classes in
the jth intervals. Samples of jth interval is represented by Nij. The predictable frequency
of Njjisthe Ej;; = M;;|C;|/N.

Algorithm 1: Chi-Square Algorithm [27]

Chi-squared
Ovriginal
/*
chi_array: two-dimensional array. First column contains feature indexes in DS and
second column contains Chi-squared values for the features and class labels.

¢/

chi_array = &

For i—1To N Do
chi_val « chi.squared(DS[i], CL) // calculate Chi-squared value between features in DS and CL
Append (i, chi_val) To chi_ array

End For

Sort chi_array by the second column (Chi-squaref value) in descending order

Store first column values of chi array To CHOSEN

Return CHOSEN

NNV E WNw

Chi-square is a discrete data hypothesis approach; it evaluates correlations between
variables and fixes the independents that are correlated positively or not. Chi-Square
hypothetical test methods for counting huge data belongs to the non-parametric test
category. Its idea is to majorly compare degrees of frequencies and fitness.

3.6 Support Vector Machine (SVM)

SVM is a supervised machine learning algorithm that solves problems of assigning
labels to information where labels are assigned from finite element sets [7, 19, 35].
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SVM was introduced by Vapnik. It is a valuable technique for solving classification
problems. Compared to other classifiers, it has prominent functions such as local minima
absence, high simplification competence, and fitness for dataset samples. Given a dataset
A ={(xi,yi)|xieyie{—1,+1},i=1,...N}, where x; is a sample of the d-dimension,
yi is the corresponding class name, and N is the number of samples. The discriminant
functions of the SVM takes:

F(x) = sgn (Z aiyiCx, x;) + b) 2)

i=1

InEq. 1, avis the support vector numbers, ¢; is the langrange multipliers, b is the optimum
bias hyperplane classification, while C(x, x;) is the kernel functions. SVM-RBF was used
as the SVM classification kernel for this study.

i —x1
202

C(xi, xj) = exp{— 3)
SVMs uses the feature space hyperplane that is optimal to maximum marginal principles,
to make decision boundaries. The kernel functions change the shapes of the hyperplane
into non-linear, with two hyperplane parameters which are the parameter regularization C
and the kernel width parameter o . The training vectors are mapped in higher dimensional
space function. In predicting the binary classification, the discriminant between objects
are one of two groups known as the positive or the or negative. The SVM concepts solves
problem by using the huge margin separation and kernel purposes.

An SVM maps input into high-dimensional feature space by finding separating hyper-
planes which exploits the margin classes. Lacking somewhat knowledge of mapping,
SVM discovers the optimal hyperplane using point product functions in feature space
known as the kernels. The optimal hyperplane solution is a grouping of few input points
[35]. SVMs are kernel methods of algorithms that are contingent on a given data through
dot-products. The dot product is replaced using kernel functions for computing the dot
product in high dimensional feature space. SVM comprises of four major kernels known
as the; Linear, Quadratic, Polynomial and the Radial Basis Function (RBF).

Selecting suitable kernel function is significant, as kernel function describes the
feature space that training set samples are classified. In this study, SVM-RBF is adopted
for its high accuracy potentials and its capability to pact with gene expression high-
dimensional data.

3.7 Evaluation

Performance evaluation of this experiment, 10-fold cross-validation was used, evaluate
the performances. The dataset was reduced using chi-square, a classifier was trained and
tested. Measure the performance of the SVM classification algorithm, and evaluation
metrics use Accuracy, Precision, and Recall for evaluating the classification [36-39]. This
study proposes a Chi-Square feature selection algorithm in selecting relevant features in
high-dimensionality customer retention data. An SVM classifier is used as an algorithm
to evaluate the performance of the experiment. This study uses a Taiwan bank dataset
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with 30000 observations and 25 attributes. MATLAB tool is used to analyze and carry
out the experiment for this study and achieved a credit scoring investigational results.

In this study the classification confusion matrix is used for the performance evaluation
of the model. It comprises of the correctly and incorrectly classified values with the
precise test data results. It comprises of the:

True Positive (TP): results that are correctly predicted positively in the class model.
True Negative (TN): results that are correctly predicted negatively in the class model.
False Positive (FP): results that are incorrectly predicted positive in the class model.
False Negative: results that are incorrectly predicted negative in the class model.

There are several measures used in the confusion matrix to determine the performance
of the models such as:

Accuracy: this measures the bias, using the formula (TP + TN)/(TP + TN + FP + FN).
Sensitivity: this is called a recall; it is the true positive rate which is the proportion of
the actual positives correctly identified as positive. TP/(TP + FN).

Specificity: this is the selectivity of the true negative rate, measuring the proportion of
the actual negatives correctly identified as negatives. TN/(FP + TN).

Precision: this is the prositive predictive value. TP/(TP + FP).

F1 Score: this is the measure of the tested accuracy that harmonizes the mean of precision
and the recall. 2TP/(2TP + FP + FN).

4 Results and Discussions

In this study Chi-Square was used on the Taiwan Bank Credit data to fetch out relevant
information in the data, 11088 features were achieved as a subset and passed into the
classification using the SVM-RBF algorithm, a confusion matrix was used as the pre-
dictive performance evaluation. Figure 2 shows the confusion matrix used to evaluate
the performance of the experiment. It comprises of the true positive and negative, false
positive and negative, which is a standard for finding the performance metrics.

The performance evaluation metrics of Chi-Square and SVM-RBF is calculated as
follows:

Correctly Classified Instances (accuracy) = 75 +7€$i;’}\,’ TFN = 3 +‘110+ +18 -7 * 100 =
93.33%

Sensitivity (Recall) = 75y = 747 = 0.8 =80%

Specificity = iy = 5445 = 1 = 100%

Precision = % = ﬁ = 1=100%

F-measure = 2%Recall+Precision __ 2x0.8x%1 — 0.89 = 89%

" Recall + Precision — 0.8+1
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Confusion Matrix for: Support Vector Machine

True class

TPR/FNR

Predicted class

Fig. 2. Confusion matrix for chi-square + RBF-SVM classification TP = 4; TN = 10; FP =1,

FN =0

In this study, the evaluation of the experiment is calculated using the confusion matrix
formulas. Table 1 shows the performance evaluation summary.

Table 1. Predictive performance summary for chi-square with RBF-SVM.

Performance metrics (%)

Experimental results

Accuracy 93.33
Sensitivity 80
Specificity 100
Precision 89
F-measure 89

In this study, a feature selection and classification approaches were carried out on a
Taiwan Bank credit dataset, using RFE feature selection algorithms to fetch out relevant
information on the given data, for customer credit risk management, SVM was used as
a classification, the result shows that RFE outperforms in terms of accuracy, the results
are tabulated in Table 1 above. However, this study has shown a relevant output result
that can be proposed for banks on loan concerns.

5 Conclusion

From this study, feature selection method using Chi-Square and SVM-RBF classification
was used to develop a predictive model in a financial industry using Taiwan dataset to
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predict and classify loans applicant who is eligible or not eligible for loan collection. The
model was implemented using MATLAB application. The result shows that RBF and
SVM-RBF accuracy was 93% shown in the predictive performance table. This study
confines with the prediction of credit loan. Future research proposes to analyze the
retention strategies by choosing fitting variables from the dataset.
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