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Abstract: Now a day’s people approach or select bank loans to 

fulfill their needs, which are very common. This practice has 

been increasing day by day especially for business, education, 

marriage, agriculture as well. But several people take advantage 

and misuse the facilities given by the bank. With technology 

developing at such a peak stage in these days, data mining plays 

a key role in computer science to solve such issues. Classification 

is the most suitable predictive modeling technique in data mining 

to predict the loan repayment capability of a customer in a 

banking industry.  There are various methods to improve the 

accuracy of a classification algorithm.  The accuracy of random 

forest classification algorithm can be improved using Ensemble 

methods, Optimization techniques and Feature selection.   

Various feature selection methods are available. In this research 

work a novel hybrid feature selection algorithm using wrapper 

model and fisher score is introduced.  The main objective of this 

paper is to prove that new hybrid model produces better accuracy 

than the traditional random forest algorithm.   This paper also 

compares the result obtained from other classification methods 

and feature selection methods to prove that proposed algorithm 

produces better classification accuracy.  The experiments were 

being done using tools such as weka, R, and python 

programming.  This research aims at introducing a new 

technique which can increase the progress of banking sector. The 

accuracy level of this new algorithm in finding the potential of 

the customer is much higher than the data mining classification 

algorithm and thus it proves to be very helpful for bank officers. 

Index Terms: Classification, feature, LCPS,  fisher score, 

threshold 

I. INTRODUCTION 

The computerization of financial operations, connectivity 

through World Wide Web and the support of automated 

software‟s has completely changed the basic concept of 

business and the way the business operations are being 

carried out [1].  With the development of computers and 

network technology, the capacities in the aspects of 

information production and data collection have been 

dramatically improved [18]. Data mining place a key role in 

computer science to solve many of the data related 

problems. Data mining technique involves the use of 

sophisticated data analysis tools to discover previously 

unknown, valid patterns and relationships in large data set 

[17].  

In this era, a major application of data mining is 

“Customer Relationship Management”. The different areas 

in which Data mining Tools can be used in the banking 

industry are customer segmentation, Banking profitability, 

credit scoring and approval, Predicting payment from 

Customers, Marketing, Detecting fraud transactions and 
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Cash management and Forecasting operations [2]. A bank 

loans officer needs analysis of their data in order to learn 

which loan applicants are safe and which are risky for the 

bank [3]. The loan credibility prediction system analyzes the 

applicant‟s information and classifies him into either 

applicant with safe credit or applicant with risky credit.  

Applicant with safe credit has a higher possibility to repay 

the loan promptly while applicant with risky credit has a 

high possibility of failing to repay the loan amount. The 

financial institution‟s profitability definitely depends on the 

accuracy of the model.  Applying random forest 

classification algorithm, it is very effective to build a 

successful predictive model that helps the bankers to take 

the proper decision regarding safe and risky loan applicants. 

Random Forest classifier produces high accuracy in both 

weka and R under the credit data set [4] 

To improve the accuracy of Loan Credibility Prediction 

System (LCPS) several experiments were being done.     

Classification technique is a commonly used method in data 

mining which enables the bank to identify the potential of 

the customer ,i.e. whether the customer is able to repay the 

loan amount or not.   Classification is an important task in 

areas, like pattern recognition, decision making, and data 

mining. The classification task can be roughly described as: 

given a set of objects E ={e1,e2,...,en}, also named 

examples, cases, or patterns, which are described by m 

features, assign a class ci from a set of classes C = 

{c1,c2,...,cj} to an object ep, ep = (ap1,ap2,...,apm) [5].  The 

accuracy of prediction made during the classification can be 

improved by applying several other techniques. The major 

techniques are ensemble, optimization and feature selection.  

Ensemble method improves the accuracy to a certain extent 

in multiple data sets. The main idea behind ensemble 

methodology is to combine a set of multiple learning 

algorithms in order to obtain better predictive performance 

that can be obtained from using a single learning algorithm 

[18]. Optimization has also produced better classification 

accuracy by changing the values of various selected 

parameters.  The mtry is the main parameter which has been 

used to improve the accuracy in R programming. The 

parameter mtry refers to the number of variables selected at 

each split in making the decision tree of the random forest 

classification.  

Feature selection is one of the most important data 

preprocessing techniques in data mining and it is closely 

related to dimensionality reduction.  The main idea behind 

feature selection is ranking the individual features based on 

some criteria and then searching for an optimal feature  
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subset based on evaluation criteria to test the optimality.   

The accuracy level considerably increased after feature 

selection methods were applied to the classifier.  

This paper introduces a new hybrid feature selection 

algorithm using wrapper method and fisher score method. 

The new algorithm is termed as wrapper-fisher feature 

selection algorithm.   In this work, LCPS uses a wrapper-

fisher feature selection algorithm to select the most 

significant features which will improve the accuracy of 

Random Forest (RF) classification.  After studying various 

past data from the bank it is possible to identify several 

attributes that can influence the customer behavior. The 

most influencing attribute can be considered while a new 

customer approaches the bank for loan and thus we can 

identify the potential of customer. Here by enabling the 

bank officers to identify fraud applicants by using the final 

application of this research work.  

The contents of this paper are systemized as follows. The 

next section discusses about the dataset and tools used for 

conducting the experiment. Section III describes the 

proposed experiment. Section IV explains about the study 

and implementation of feature selection and classification 

using random forest algorithm. The proposed model and its 

implementation are discussed in section V. Section VI gives 

a comparative study of accuracies obtained from two 

models.   Section VII gives the conclusion followed by 

acknowledgement, future scope and references.  

II. DATA SET AND TOOLS 

I have selected cooperative bank data for this experiment 

and believe the cooperative bank officers will benefit the 

most out of it. Moreover standard data set is being used to 

implement this algorithm in my experiment, because of 

which any loan application can be processed through this 

algorithm.  Data collection was completed through 

procedures including on site observation and interview with 

the concerned bank officer. A detailed study about the loan 

processing and banking transactions were also made for the 

same. The data available consists of 10000 records of bank 

loan transaction data including 25 data fields. Some of the 

fields were removed directly by manual data preprocessing. 

The most widely used benchmark data in the feature 

selection research are several artificial and real-world 

problems originating from the University of California at 

Irvine, known as the UCI data repository [12].   The same 

experiment was conducted using the Standard credit data set 

also. The data available consists of 1000 records of bank 

loan transaction data including 21data fields.  

The most popular data mining tools such as weka, R 

programming was used for predicting the classification 

accuracy before and after feature selection. Optimization 

was also done in weka and R. To implement wrapper-fisher 

feature selection algorithm, python programming were 

considered. Python programming language is the leading 

software used to implement this algorithm.  The feature list 

of original dataset and standard dataset after manual data 

preprocessing are displayed in table 1.  

 

 

 

 

 

Table 1: Features of original and standard data sets 

 

III. PROPOSED EXPERIMENT 

The frame work of the proposed experiment is shown in 

the figure 1. In this experiment the data was selected from 

two domains and performed data preprocessing to build 

dataset suitable for further processing.  To improve the 

quality of data and consequently the mining results, the 

collected data is to be pre processed so as to improve the 

efficiency of data mining process [19]. Data preprocessing is 

one of the critical step in data mining process which deals 

with preparation and transformation from the initial data set 

to the final data set [19].  The four important data pre 

processing techniques are data cleaning, data integration, 

data reduction and data transformation.  Here feature 

selection has a major role in preprocessing to select suitable 

features that affect the accuracy of algorithm and it comes 

under data reduction.  The two data sets were implemented 

using traditional random forest algorithm as well as new 

proposed feature selection algorithm.  The comparison of 

accuracies obtained from two models were made and arrived 

at a conclusion that loan credibility behaviour of a customer 

can be predicted more accurately using new proposed 

feature selection algorithm using wrapper model and fisher 

score concept.  
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Fig 1: Block diagram of the proposed experiment 

IV. LCPS USING RANDOM FOREST  

To predict the loan credibility behaviour of a customer, 

various classification algorithms are used. Each algorithm 

produces different accuracy. Initially the model was created 

using random forest algorithm.  Feature selection is a data 

preprocessing technique that has major importance in this 

research work.  This section discusses the process of feature 

selection and classification process using random forest 

algorithm. 

Feature Selection  

Many feature selection techniques are available. Before 

doing classification feature selection can be applied so as to 

increase the accuracy level. During the last two decades, 

feature selection techniques have become an active and 

fruitful research field in machine learning [6]. Feature 

selection is an important data mining task which can be 

effectively utilized to develop knowledge based model for 

the Loan Credibility Prediction System.   Feature selection 

plays a major role in data preprocessing. Generally dataset 

consists of relevant, irrelevant and redundant features. 

Irrelevant and redundant features do not contribute anything 

to determine the target class and at the same time reduces 

the accuracy of the model created. The process of 

eliminating such features from a dataset is termed as feature 

selection. The search strategy usually employs feature 

ranking [8, 7] or subset search [9] techniques. In feature 

ranking, a weight or score is assigned to each feature 

according to its individual merit.  

Ranking methods are not able to remove redundant 

features within the dataset. Subset search evaluates the 

quality of subsets of features.  The best performance of the 

selected features can be achieved when both the feature 

selection and classification stages are optimized together 

using the same criterion function [10]. Criteria function can 

be either classifier independent [11] (i.e., filter approach) or 

classifier specific [11] (i.e., wrapper approach or embedded 

method). The feature selection methods are depicted in 

figure 2 

 

 
Fig 2: Feature selection methods 

 

The features and their corresponding rank obtained after 

applying feature selection on the original dataset are listed in 

the table 2 

Table 2: Ranked features of original dataset 

 
The code segment for feature selection related with 

random forest classification for the loan credibility 

prediction system implemented in python is explained 

below: 

fromsklearn.model_selection import train_test_split 

fromsklearn.ensembleimportRandomForestClassifier 

feature_names = X.columns 

X_train, X_test, y_train, y_test =  

train_test_split(X, y, stratify=y, test_size=0.20, 

random_state=42) 

clf = RandomForestClassifier ( random_state=13, 

class_weight="balanced",  max_depth=10, 

n_estimators=150) 
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clf.fit(X_train, y_train) 

feature_imp = pd.Series (clf.feature_importances_, 

index=feature_names).sort_values(ascending=False) 

feature_imp 

Table 3 depicts the list of features indexed on their feature 

importance of standard data set  

Table 3: Ranked Features of standard data set 

 

Classification Model  

There are several classification algorithms that are used to 

create software models to predict the accuracy of 

determining the loan credibility behaviour of a customer. 

Some examples of classification algorithms are random 

forest, naïve bayes, k-nearest neighbour, J48, JRip, SMO, 

and Adaboost etc.  In this research work, random forest 

classifier is selected to build a model for the loan repayment 

credibility of a customer.  Random forests form a family of 

methods that consist in building an ensemble (or forest) of 

decision trees grown from a randomized variant of the tree 

induction algorithm [15].   In this algorithm actual learning 

is performed by the fit method. This method is called with 

training data. For example as two arrays X_train and y_train 

in supervised learning estimators. Its task is to run a learning 

algorithm and to determine model-specific parameters from 

the training data and set these as attributes on the estimator 

object [15]. The code segment for the classification process 

of loan credibility data set using random forest algorithm is 

explained as below:  

fromsklearn.model_selectionimporttrain_test_split 

fromsklearn.ensembleimportRandomForestClassifier 

feature_names = X.columns 

X_train, X_test, y_train, 

y_test = train_test_split(X, y, stratify=y, test_size=0.20, 

random_state=42) 

clf = RandomForestClassifier( random_state=13, 

class_weight="balanced", max_depth=10, 

n_estimators=150) 

clf.fit(X_train, y_train) 

y_pred=clf.predict(X_test) 

print("Accuracy:", metrics.accuracy_score(y_pred, 

y_test)) 

print("matrix", confusion_matrix(y_test, y_pred)) 

print("auc", roc_auc_score(y_test, y_pred)) 

print("f1", f1_score(y_test, y_pred))  

fromsklearn.metricsimportclassification_report 

print('report', classification_report(y_test, y_pred)) 

Classification report generated by the  random forest 

prediction model of the original dataset is as shown in figure 

3. 

 
Fig 3: RF  Classification report of original dataset 

 

The accuracy of the model was obtained as 

0.9882697947214076.  

V. LCPS USING PROPOSED MODEL 

The main aim of my research is to develop a new feature 

selection algorithm. This feature will enable the banks to 

predict accurately if the customer can repay the loan on time 

or not. Kudo and Sklansky applied a two-stage feature 

selection, where a filter method preceded a wrapper 

algorithm. This combination was shown to select better 

feature subsets than if the wrapper model is applied directly 

[13]. Filter-based methods rank the features as a pre-

processing step prior to the learning algorithm, and select 

those features with high ranking scores [14]. Wrapper-based 

methods score the features using the learning algorithm that 

will ultimately be employed [13].  Wrapper-Fisher 

algorithm is a proposed hybrid feature selection algorithm 

that comprises the features of both wrapper model and fisher 

score concept. LCPS produces better accuracy while it was 

executed by proposed algorithm.   The proposed model 

experimented on two different data sets such as original 

dataset and standard data set with improved accuracy than 

traditional random forest algorithm.   

Wrapper-Fisher Algorithm 

Wrapper methods are based on greedy search algorithms 

as they evaluate all possible combinations of the features 

and select the combination that produces the best result for a 

specific machine learning algorithm   Fisher score is one of 

the ranking methods to select the important features that 

predict the credibility behavior of a customer. The proposed 

algorithm selects each feature independently according to 

their scores under the Fisher criterion, which leads to a 

suboptimal subset of features. The score of the i-th feature Si 

will be calculated by Fisher Score as in equation (1) 

 

 
 

Where μij and ρij are the mean and the variance of the i-th 

feature in the j-th class, respectively, nj is the number of  
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instances in the j-th class and μiis the mean of the i-th 

feature. Wrapper fisher algorithm is implemented in python 

programming.  As per the algorithm first step to set the 

threshold and check for the value of fisher score for each 

attribute and then decide on the importance of each 

features/attributes in the Dataset. So for defining threshold 

make a copy of dataset then shuffle values in each column 

and score is calculated.  Now algorithm use real features and 

compares its fisher score with the fisher score of the 

shuffled features which is there as a threshold. So if the 

fisher score of real features is greater than shuffled 

(threshold) it will take it as an important features otherwise 

discard it. Boruta uses the above concept and eliminates 

features with least importance for further processing.  The 

lists of parameters used in Boruta are [16] : 

1. maxRuns: maximal number of random forest runs. 

Default is 100. 

2. DoTrace: It refers to verbosity level. 0 means no 

tracing. 1 means reporting attribute decision as soon 

as it is cleared. 2 means all of 1 plus reporting each 

iteration. Default is 0. 

3. getImp: function used to obtain attribute 

importance. The default is getImpRfZ, which runs 

random forest from the ranger package and gathers 

Z-scores of mean decrease accuracy measure. 

4. holdHistory: The full history of importance runs is 

stored if set to TRUE (Default). 
 

The concept  of  wrapper-fisher algorithm is explained 

below. It consistes of mainly nine steps.  

Step 1: Initialize fisher score threshold value as T. 

Step 2: Select the first attribute and calculate its fisher 

score afs1  

Step 3: If afs1 > T, add first attribute into the set TS 

otherwise add     to   NTS  

Step 4: Repeat step 2 and Step 3 for all attributes in the 

dataset. 

Step 5: Rank the set TS and NTS based on the fisher 

score 

Step 6: Apply classification using TS and compute 

accuracy  

Step 7: Add the first element of NTS to set TS and new 

set is termed as NTS 

Step 8: Apply classification using NTS and compute 

accuracy  

Step 9: if current accuracy > previous accuracy then 

repeat steps 7 to step 9 until the accuracy remain unchanged 

otherwise stop    

The  block diagram  portraited  in figure 4 explains the 

logic of the proposed algorithm more clearly. Let „n‟ be the 

total number of features in the dataset and T be the  initial 

fisherscore threshold. The variable  „ i „ is used as count 

variable,  First step is to calculate fisher score of each 

feature and if it is greater than threshold  value T then add it 

to a set called TS otherwise add it to a set called NTS. TS 

(Threshold Set) is the set of features that satisfies the 

threshold value and NTS(Non Threshold Set) is the set of 

features that fails to satisfy the threshold value. Here both 

the concept of greedy based wrapper method and fisher 

score were implemented.   The next step is to rank the set 

TS and NTS based on the threshold value.  Random Forest 

Classification starts with the features of TS and measures 

the accuracy as ACC1. After setting ACC1 , take the first 

feature of NTS and measure the classification accuracy as 

ACC2. If it produces a better accuracy , then  continue the 

process until the two features of NTS produces the same 

accuracy. Otherwise discard the feature of NTS and ACC1 

remains as the highest 

The corresponding ranked features after feature selection 

of the original dataset is displayed in table 2. Similarly 

table3 displays the ranked features of the standard data set.  

The code segment for obtaining the ranked features using 

boruta algorithm is explained below:  

BorutaPy(alpha=0.05, 

estimator=RandomForestClassifier(bootstrap=True, cl       

ass_weight='balanced', 

criterion='gini', max_depth=6, max_features='auto', 

max_leaf_nodes=None, min_impurity_decrease=0.0, 

min_impurity_split=None, min_samples_leaf=1, 

min_samples_split=2, min_weight_fraction_leaf=0.0, 

n_estimators=52, n_jobs=4, oob_score=False, 

random_state=<mtrand.RandomState object at 0x000       

001CF203354C8>, verbose=0, warm_start=False), 

max_iter=100, n_estimators='auto', perc=100 

random_state=<mtrand.RandomState object at 0x0000     

01CF203354C8>, 

two_step=True, verbose=2) 

feature_df=pd.DataFrame(loan_df.drop([„secured‟],axis= 

1).columns.tolist(), columns =[„features‟]) 

Feature_df[„rank‟]=boruta_selectorranking_feature_df=fe

ature_df.sort_values(„rank‟,ascending = 

True).reset_index(drop=True) 

Feature_df 

 

 
Fig 4: Block diagram Wrapper-Fisher feature selection 

algorithm.   
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From the table 2 feature set table 4 lists the features 

whose fisher score value is greater than threshold and  

features whose fisher score value is less than threshold of 

the original dataset.  Both sets are termed as TS and NTS 

respectively. From the table 3 feature set table 5 displays the  

features of TS and NTS of the standard data set. Sometimes 

the addition of the  feature in the NTS to the  optimal feature 

list results in a better accuracy than  the accuracy produced 

by the features of TS only .  But in the original dataset , the 

addition of the feature “loan amount“ from NTS to the 

optimal feature list produced low accuracy and  finally the 

features selected only from the threshold set.  In case of 

standard data set, the first  feature “housing”  from NTS 

produced better accuracy than considering only features in 

the TS.   

 

Table 4: Features in TS and NTS of original dataset. 

 
 

Table 5: Features in TS and NTS of standard dataset  

 
 

Figure 5 portraits the accuracy of classification using the 

features of TS and features of NTS in the original data set. 

From the figure it can be proved that adding one feature say 

loan amount decreases the accuracy to .9873.  So the final 

classification accuracy using new approach is considered as 

.9912 and clearly it is greater than the traditional 

classification process.   The comparison of TS and NTS 

using standard data set is depicted in figure 6. The algorithm 

produced initial accuracy .65 using TS features . 

While executing the new algorithm with standard data set, 

it was found that addition of first feature “housing” from   

NTS into the optimal feature set increased the accuracy from 

.65 to .73333.  Again the addition of second feature “job” 

from NTS leads to decrease in the accuracy to .6933 and so 

we stopped the iteration. So the analysis proved that 

sometimes the addition of a feature below threshold value 

also results in a better accuracy.    The advantage of 

wrapper-fisher feature selection algorithm is that it helps to 

perform feature selection in a successful manner and leads 

to improve the accuracy of the classification process 

 

 
Fig 5: Accuracy comparison of original data set with TS 

and NTS 

 

 
Fig 6: Accuracy comparison of standard data set with TS 

and NTS 

VI. RESULT ANALYSIS 

The result analysis and comparison of accuracy 

performance obtained using the two different models in the 

original data set and standard data set are expressed in Table 

6 and the corresponding graphical representation in figure 7.  

Wrapper-Fisher algorithm produces better accuracy in both 

datasets 

Table 4: Accuracy comparison of two models 

 
 

Table 7 explains about the accuracy obtained from 

various feature selection methods on different data sets.  The 

performance evaluated using the tools weka and python 

programming. Various feature selection methods 

experimented were Chisquared, Filtered, InfoGain, OneR, 

Relief and wrapper-fisher.  From the table it is clear that the 

proposed wrapper-fisher feature selection algorithm helps to 

improve the accuracy of classification algorithm . Figure 8 

also portraits the same.  
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Fig 7: Accuracy Comparison of two models 

 

Table 7: Accuracy obtained from different feature 

selection methods.  

 
 

 
Fig 8: Accuracy comparison based on different feature 

selection methods 

VII. CONCLUSION 

In this paper, a novel hybrid feature selection approach is 

proposed to predict the loan repayment capability behavior 

of a customer in a cost effective way. Complex set of 

decision making are need to be taken by bank officers to 

determine whether to approve loan applicants or not. 

Normally classification technique solved the problem up to 

an extent. Now the experiment proved that a model that use  

feature selection before classification can help the bank 

officers to take proper decision more accurately. This 

proposed methodology will protect the bank from further 

misuse, fraud applications etc by identifying the customers 

whose repayment capability status is risky especially in the 

co-operative banking sector.   The experiment proved that 

the classification accuracy have considerably increased after 

feature selection.  The proposed algorithm had produced 

better accuracy than existing methods. Experiments on 

standard data sets proved that the proposed algorithm for 

loan credibility prediction system outperforms many other 

feature selection methods 
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IX. FUTURE SCOPE 

In future I wish to develop a Data mining application 

using wrapper-fisher feature selection algorithm and surely 

it helps the bank officers to take proper decision when a new 

customer approaches the bank for taking the loan. The 

proposed hybrid feature selection algorithm for classifying 

the loan credibility behavior of a customer in a banking 

industry can also be used for several other applications in 

the future especially binary classification problems such as 

prediction of various diseases, prediction of various 

examination results etc.  
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