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Abstract—Every year, the number of cooperatives in the 

province of East Nusa Tenggara continues to grow. 

Cooperatives are present with the aim of helping the 

community on the financial side. The cooperative offers the 

principle of saving and providing low-interest loans to its 

members. But there are times when lending is subjective. This 

condition is a major factor in the occurrence of errors in 

providing credit that leads to congestion (non-performing 

loans). This study focuses on the comparison of five 

classification methods using historical loan application data for 

a Multipurpose Cooperative in East Nusa Tenggara. The 5 

methods are Naïve Bayes, K-Nearest Neighbor (KNN), Support 

Vector Machine (SVM) Random Forest, and C4.5. In the test 

results, it turns out that the C4.5 Method has better accuracy 

and a smaller error rate. 

Keywords—big data, classification, cooperative, Historical 

Loan Application. 

I. INTRODUCTION  

Based on article 4 in Indonesian Law Number 17 of 2012 

concerning cooperatives, cooperatives have a goal to prosper 

members in particular and society in general [1]. The 

cooperative in the island province of East Nusa Tenggara is 

expected to be the leading spearhead in the economy in the 

community. 

The development of cooperatives in East Nusa Tenggara 

continues to increase. The number of cooperatives in this 

province in 2018 was 4,317 units. There was a significant 

increase in the number compared to 2014, which amounted 

to 2,818 active cooperative units. Cooperatives help the 

community of East Nusa Tenggara because it is considered 

very easy to reach and not difficult for the community to get 

funds. The interest offered by the cooperative is so small that 

the community is interested in joining the Cooperative.  

But at a Multipurpose Cooperative in East Nusa 

Tenggara, researchers found cases of Non-Performing Loan 

(NPL). NPL is the failure of customers to repay loans. It 

turns out that this case often occurs in cooperatives, as seen 

from the percentage of NPL from 2014-2017, which reached 

76%. It turned out that the consideration of lending, which 

was declared feasible by the creditor was sometimes 

subjective. Loans are given to members because there are 

elements of kinship or acquaintances without looking at the 

loan criteria themselves. This is also a major factor in the 

cause of non-performing loans. 

In this study, five classification methods will be 

compared using historical loan application data. The loan 

application data consists of 6 criteria, namely the loan 

amount, collateral amount, loan period, collateral status, type 

of interest, and marital status. The contribution of the 

proposed research is finding the best method of accuracy, so 

it can be used as a reference for further research, such as to 

develop a knowledge base and decision support system. So 

that going forward, the process of granting credit to 

customers can pay attention to these available criteria.  

II. RELATED WORKS 

The following are some previous studies on the 

classification methods that will be discussed in this paper.  

Naive Bayes Classifier is a popular algorithm that can be 

used to predict singers just by lyrics. Using available 

datasets, this method successfully predicts with very good 

results [2]. Naïve Bayes ability is used to classify SMS 

messages for Disaster Response. The test results get an 

accuracy of up to 89% [3]. Using the K-Nearest Neighbor 

classification approach, grape leaf disease is classified 

effectively. Although leaf images and identification of leaf 

disease are not easy tasks using images of agronomic plants 

[4]. 

Support Vector Machine (SVM) is the new machine 

learning algorithm used in pattern recognition problems 

including texture classification [5]. SVM minimizes 

structural risk, which excludes traditional empirical risk 

minimization, which is commonly used in conventional 

neural networks [5][6]. SVM is used to classify Bangla 

Language scripts with accuracy reaching an average of 

94.78% [7]. Decision trees are algorithms that are very fast 

to be trained and evaluated. This method is also very easy to 

interpret and can be visualized [8]. Random forest and C4.5 

are methods in the decision tree algorithm. 

Random forest-based techniques can be used more useful 

for unsupervised learning [9]. C4.5 algorithm is a 

classification algorithm with a decision tree technique. C4.5 

is the development of the ID3 algorithm [10]. This method is 

often used because accuracy tends to be high and has been 

used by many researchers for classification purposes [11]. 



III. METHODOLOGY 

A. Machine Learning Classifier 

In this paper, the author examines five different 

classification methods. Some of these algorithms will be 

explained in this section:  

(1) Naïve Bayes is a classification supervised learning 
algorithm [12]. This is a popular algorithm based on 

conditional probability theorems to determine new feature 

vector classes.  

(2) K-Nearest Neighbor (KNN) classification algorithm 

that is safe and efficient can hide class labels and data access 

patterns. Viewed from the length of the classification time, 

the results of the performance analysis of this method 

achieved 17 times better performance than the existing 

scheme [13].  

(3) Support Vector Machine (SVM) is SVM is a well-

known classification technique based on theory statistical 

learning [14]. SVM consists of a two classes classification 

model; a model defined in the feature space of the largest 

linear classifier [15];  

(4) Random forest is an algorithm which based 

techniques can be used more useful for unsupervised 

learning [9]. RF is very efficient with low computational 

costs, few parameter settings, and good performance [16].  

(5) C4.5 algorithm is a classification algorithm with a 

decision tree technique [17]. C4.5 is the development of the 

ID3 algorithm [10]. This method is often used because 

accuracy tends to be high and has been used by many 

researchers to classify things [11]. 

B. Data source 

The authors have conducted research at a Multipurpose 

Cooperative in East Nusa Tenggara. They have allowed the 

author to use their historical loan application data for 2016-

2017. The number of data samples used is 2500 loan 

application data. The author uses a ratio of 80:20 for the test 

scenario. So, 2000 data is used for training data and the rest 

is used as test data. 

This historical loan application data has been edited so 

that attributes are formed. Table 1 shows 6 attribute 

variables. The six attributes include loan amount (A1), 

collateral amount (A2), loan period (A3), collateral status 

(A4), loan interest (A5), and marital status (A6).  

TABLE I.  DISTRIBUTION OF ATTRIBUTES 

Code Attribute Name 

A1 Loan amount 

A2 Collateral amount 

A3 Loan period  

A4 Collateral status 

A5 Loan interest 

A6 Marital status 

C. Discretization 

Discretization converts continuous data values into 

categorical data. In this paper, discretion is carried out on 

class attributes, namely the loan amount (A1), collateral 

amount (A2) and load period (A3) attributes. 

TABLE II.  LOAN AMOUNT CLASSIFICATION 

Class Intervals (IDR) Class Name 

1 < 2.000.000 Very Low (VL) 

2 2.000.000 – 4.000.000 Low (L) 

3 4.000.000 – 6.000.000 Moderate (M) 

4 6.000.000 – 8.000.000 High (H) 

5 > 8.000.000 Very High (VH) 

This classification is intended to label data. In table 2, it 

can be seen that there are 5 classes for the loan amount 

attribute (A1). The class is very low (VL), low (L), moderate 

(M), high (H) and very high (VH). 

TABLE III.  COLLATERAL AMOUNT CLASSIFICATION 

Class Intervals (IDR) Class Name 

1 < 2.000.000 Low (L) 

2 2.000.000 – 4.000.000 Moderate (M) 

3 > 4.000.000  High (H) 

Class for loan value (A2) consists of low (L), moderate 

(M), and high (H) can be seen in table 3. The amount of 

collateral is one of the conditions in making a loan. collateral 

is usually seen from the number of members' deposits in the 

cooperative. But it can also be in the form of proof of 

ownership of valuables. in this study, collateral is used in the 

form of cooperative deposits. 

TABLE IV.  LOAN PERIOD CLASSIFICATION 

Class Intervals Class Name 

1 6 months Very slow (VS)  

2 10 months Slow (S) 

3 12 months Moderate (M) 

4 18 months Fast (F) 

5 24 months Very fast (VF) 

Class for loan period (A5) can be seen in table 4. the five 

classes are very slow (VS), slow (S), moderate (M), fast (F), 

and very fast (VF). The loan period is the time needed by the 

cooperative members to repay the loan to the cooperative.  

All attribute elements have several categories which can 

be seen in table 5. 

TABLE V.  DISTRIBUTION OF CLASS 

Attribute 

Code 

Class Name (Class Code) 

A1 Very Low (VL), Low (L), Moderate (M), 

High (H), Very High (VH) 

A2 Low (L), Moderate (M), High (H) 

A3 Very slow (VS) Slow (S), Moderate (M), 

Fast (F), Very fast (VF) 

A4 True (T), False (F) 

A5 Down interest (D), Flat interest (F) 

A6 Married (M), Single (S) 

After the steps above, the next step is to determine the 

attribute results (A8). Authors aiming at classification will 

classify two classes, Lancar and Macet. Lancar class 

declared for cooperative members who will successfully 

repay the loans; and Macet class if the loan will fails to pay 

off or non-performing loan (NPL). Testing the data will be 

explained in the next sub-chapter. 



D. Evaluation 

The confusion matrix is used to find the accuracy of 

classification model in testing several methods in this study 

[10] [11]. The confusion matrix is a matrix formed by 

several training data and test data.  

The confusion matrix size n x n shows the results of 

prediction and classification, where n is the number of 

predetermined class attributes. The four table fields contain 

the number of documents classified as True Positive (TP), 

True Negative (TN), False Positive (FP) and False Negative 

(FN). 

TABLE VI.  CONFUSION MATRIX 

 
Actual 

YES NO 

Predicted 
YES TP FP 

NO FN TN 

TP is the amount of positive data that is predicted right. 

TN is the amount of positive data that is predicted wrong. FP 

is the amount of negative data that is predicted right. TN is 

the amount of negative data that is predicted wrong. 

Accuracy is the percentage of the results of the 

comparison of cases that were correctly identified by the 

number of all cases. The accuracy of the classifier can be 

found by formula 1.   

 
 

(1) 

Precision, the positive predictive value between samples 

taken. The following formula calculates precision: 

 
 

(2) 

APER: (Apparent Error Rate) or the so-called error rate is an 

evaluation measure that is used to see opportunities for 

classification errors produced by a classification function. 

The smaller the APER value, the better the classification 

results. The calculation of the APER can be seen in equation 

3. 

 
 

(3) 

IV. EXPERIMENTAL RESULTS 

The authors tested 500 test data on 2000 training data 

with WEKA data mining software that produced a pretty 

good percentage. The classification results are shown in 

table 7.  

TABLE VII.  CLASSIFICATION TEST 

Methods 
Correctly 

classified 

Incorrectly 

classified 
% 

NB 491 9 98.2 

KNN 495 5 99 

SVM 493 7 98.6 

RF 495 5 99 

C4.5 496 4 99.2 

C4.5 classifier algorithm gives the highest classification 

in terms of correctly classified instances [18]. Table 8 shows 

the results of the classification of the random forest method 

and KNN obtained a value of 99% and the highest 

classification obtained by method C4.5 with a value of 

99.2%.  

TABLE VIII.  CONFUSION MATRIX FROM TEST RESULT 

Methods TP TN FP FN 

NB 328 0 9 163 

KNN 334 2 3 161 

SVM 332 2 5 161 

RF 334 2 3 161 

C4.5 335 2 2 161 

Table 8 shows a confusion matrix classified by WEKA 

data mining software with class results (A8). Table 9 shows 

the comparison results. Each method tested has a value of 

True Positive and False Negative are greater than True 

Negative and False Positive. This proved that the success 

rate of classification correctly is very high according to table 

7. 

TABLE IX.  COMPARISON OF RESULT 

Methods Accuracy Precision APER 

NB 98.2 100 1.80 

KNN 99 99.4 1.00 

SVM 98.6 99.4 1.40 

RF 99 99.4 1.00 

C4.5 99.2 99.41 0.80 

The results of the testing experiment show that the C4.5 

method has the smallest APER value with 0.80. C4.5 method 

also has the biggest accuracy with 99.2%. Naïve Bayes has 

the biggest precision with 100%. 

The classification method C4.5 has a good result than the 

other four classification methods with a dataset for applying 

the credit to a cooperative in East Nusa Tenggara. The C4.5 

method on WEKA Data Mining Software turns out to 

produce a decision tree. The decision tree can be converted 

into programming logic.  

TABLE X.  KNOWLEDGE BASE 

If A1 = Very Low then Lancar 

If A1 = Low then Lancar 

If A1 = Moderate then Lancar 

If A1 = High then 

 If A6 = Married then Macet 

 If A6 = Single then Lancar 

If A1 = Very High then 

 If A6 = Married then Macet 

 If A6 = Single then 

  If A2 = Low then 

   If A5 = Flat Interest then Macet 

   If A5 = Down Interest then Lancar 

  If A2 = High then Macet 

  If A2 = Moderate then 

   If A5 = Flat Interest then  

    If A4 = True then Macet  

    If A4 = False then Lancar 

   If A5 = Down Interest then Macet 

The logic in table 10 can be implemented into a knowledge 

base for a decision support system. 



V. CONCLUSION AND DISCUSSION 

Each loan submitted by the members of the cooperative 

must be well considered by the creditor. Credit criteria are 

expected to be an important concern. Avoid accepting loan 

proposals based on subjective factors. This paper shows the 

results of the highest testing accuracy obtained by method 

C4.5 with a percentage of 99.41%. Naïve Bayes has the best 

precision of the five tested methods.  

The results are obtained from the calculation of the 

confusion matrix. The confusion matrix is generated from 

WEKA data mining software. Accuracy can be increased by 

adding training data, attributes. Besides that, you can also 

use algorithm optimization. The results of this paper are not 

only comparisons between the five classification methods. 

But there is a decision tree based on the C4.5 algorithm. This 

decision tree is expected to be a reference for creditors to 

determine loan proposals that fit the criteria. 
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