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Abstract 
The Company attaches great importance to customer loyalty for the sustainability of 

the Company. Loyal customers will buy many times and provide great profits. In this 

study, the decision tree method or C4.5 and naïve bayes were used with PSO optimization 

for customer classification which aims to design a strategy in decision-making towards 

disloyal customers. Some of the stages carried out are data load into MS. Excel, data 

cleaning from noise, data selection as many as 238 obtained from previous research with 

several attributes, including, namely age, annual income, purchase amount, region, 

purchase frequency, and loyalty score, as well as data transformation, namely each 

attribute is grouped into 2 with their own criteria, data testing by modeling data through 

Rapidminer, Data evaluation by examining the values of accuracy, precision, recall, and 

AUC. Both methods have the same accuracy value of 96.67% and the same recall value of 

100%. For the precision value, there is a difference of 0.6% and the precision decision 

tree value is higher than the naïve Bayes which is 96.16%. As for the AUC value, it is 

higher naïve bayes, which is 0.922 with the difference from the decision tree of 0.059. It 

can be concluded that the two methods in processing customer loyalty data in this study 

have the same accuracy, so both methods are equally good. 
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1. Introduction 
One of the business strategies that can be used by companies is the use of information 

technology as a medium to collect transaction data [1]. Customers have a tendency to 

continue subscribing to the company or otherwise unsubscribing [2]. Loyalty is used to 

describe a customer's willingness to continue subscribing to a Company in the long term, 

by buying and using its goods and services repeatedly, preferably exclusively, and 

willingly recommending the company's products to their friends [3]. Customer loyalty is a 

person's loyalty to a particular good or service. 

One technique that can be used to identify customer loyalty tendencies is by data 

classification [4]. Classification is a learning technique that can predict the target class of 

a predetermined class, in addition to that classification can help find hidden data models 

during data analysis [5]. Customer loyalty can not only provide consistent revenue, but it 

creates a good reputation in the market and minimizes marketing costs to acquire new 

customers [6].  

Researchers have conducted research on customer loyalty with several data 

mining methods, namely naïve bayes, decision tree, and knn methods which produce 

the highest percentage of naïve bayes which is 96.67% [7]. Loyal customers need to 

be accurately predicted in order to help in the decision-making process [8].  

Data mining is a term that can be used to describe the discovery of knowledge in 

a database  [9]. Data mining involves using specific algorithms to extract data 

patterns  [10]. The methods that will be used in this study are naïve Bayes and 

decision tree or C4.5. Decision Tree is a method that partitions data recursively 

based on specific features to form a simple and interpretive decision tree structure  

[11]. C4.5 is a type of classification algorithm that allows in creating an 
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understandable decision tree  [12]. Naive Bayes uses probability theory, which is 

predicting future chances or probabilities based on past experience  [13].  

In the case of previous studies that used both methods and the same optimization, 

the results of naïve Bayes were higher than the decision tree of 100% and 97% [14]. 

Previous research on student graduation using the c4.5 method resulted in a 

percentage of 97% without c4.5 journal optimization, while naïve bayes with psi 

optimization had a value on student graduation without comparing it to other 

methods 100% [15]. 

Both methods were chosen because they are easy to use to work independently. It 

is a function of data that has no other characteristics or lack of other characteristics 

in the same data  [16]. Both of these methods will be optimized with PSO (Particle 

Swarm Optimization). PSO (particle swarm optimization) is used for attribute 

selection and helps reduce irrelevant input dimensions and improve prediction 

performance [17]. In this study, data will be taken from sales with several attributes 

or features taken from previous research [7]. 

 

2. Research Methodology 
The methods or algorithms used in this study are Naïve Bayes, Decision Tree and 

optimization with PSO. The software used is Rapidminer. Some of the stages carried out 

in this study are [15]: 

a) Data load 

The data is transferred to the form of MS. Excel which has an extension .xls for easy 

processing, because one of the file forms supported by Rapidminer is ms. Excel. 

b) Data cleaning 

Data cleanup is carried out on noise data such as incomplete or blank, which is 0 and 

does not match the other data, and incomplete or duplicate data. 

c) Data selection  

Data was obtained from the previous study which totaled 238 and used several 

attributes, including, namely age, annual income, purchase amount, region, purchase 

frequency, and loyalty score.  

d) Data transformation 

The data transformation on each attribute or feature is changed to 2 types in table 1. 

 

Table 1. Data Transformation 
Age Teenager <=25 

Mature >25 

Annual income Big >=50.000 

Small <50.000 

Purchase amount Much >=500 

Less <500 

Purchase frequency Often >=15 

Seldom <15 

Loyalty score Loyal >=5 

Not loyal <5 

 

e) Data testing 

Data testing is done with Rapidminer software with data mining modeling. 

f) Data evaluation 

Data evaluation by looking at the results of AUC, recall, and precision values from 

modeling in the previous stage. 

 

3. Results and Discussion 
238 customer data have been loaded or input into MS. Excel in table 2. The data used 

is complete, all do not need to be cleaned because they have been used in previous 
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research [7]. The data used for training and testing in 10 cross validations were divided 

into 10 data parts or subsets of the same size. Repeated 10 times in the training and testing 

process. 

Table 2. Customer Data 
Age Annual 

Income 

Purchase 

Amount 

Region Purchase 

Frequency 

Loyalty Score 

teenager small less North seldom not loyal 

mature big less South often loyal 

mature big much West often loyal 

teenager small less East seldom not loyal 

mature small less North seldom not loyal 

… … … … … … 

mature big less West often loyal 

mature big less North often loyal 

mature big much South often loyal 

mature big less West often loyal 

mature big less North often loyal 

 

Data mining modeling in Figure 1 with rapidminer using naïve bayes and decision tree 

methods and optimized with PSO, training and testing with 10-fold cross validation. 

 

 
Figure 1. Processes with PSO and Cross Validation 

 

In Figure 1, process modeling with decision tree and naïve Bayes using multiply and 

PSO (particle swarm optimization) with 10-fold cross validation. 

 

 
Figure 2. Training and Testing with Decision Tree and Naïve Bayes 
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  In figure 2, training is carried out with algorithms or data mining methods, namely 

decision tree and naïve bayes and testing with applied models and performance. The 

accuracy of the decision tree can be seen in figure 3 and the accuracy of naïve bayes can 

be seen in figure 4. 

 

 
Figure 3. Decision Tree Accuracy 

 

The accuracy produced in Figure 3 is 96.67% with the decision tree method, while the 

accuracy produced by the Naïve Bayes method can be seen in Figure 4. 

 

 
Figure 4. Naïve Bayes Accuracy 

 

The accuracy produced in figure 4, namely with the naïve bayes method, is the same as 

96.67%. The precision produced by the decision tree can be seen in figure 5. 

 

 
Figure 5. Precision Decision Tree 

 

The precision produced in figure 5 is by the decision tree method of 96.16%. Meanwhile, 

the precision produced by naïve bayes is shown in figure 6. 

 

 
Figure 6. Precision Naïve Bayes 

 

In figure 6, the precision value of the naïve Bayes method is 96.10%. The recall generated 

by the decision tree method is shown in figure 7. 

 

 
Figure 7. Recall Decision Tree 

 

The recall in figure 7 is generated by the decision tree method by 100%, while the recall 

is generated by the naïve bayes method in figure 8. 
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Figure 8. Recall Naïve Bayes 

 

In figure 8, it can be seen that the results of modeling using the naïve Bayes method 

have the same recall as the decision tree, which is 100%. The resulting AUC diagram can 

be seen in figure 9. In figure 3 – figure 8, there are predictions of 8 loyal customers, but in 

real terms not loyal. The 8 customers need to be recorded and reanalyzed, in order to help 

in marketing strategies and in the decision-making process to retain these loyal customers. 

 

 
Figure 9. AUC Decision Tree 

 

The AUC value produced by the decision tree method in figure 9 is 0.922%. Meanwhile, 

the AUC value produced by the naïve Bayes method is in figure 10. 

 

 
Figure 10. AUC Naïve Bayes 

 

In figure 10, there is an AUC value resulting from the naïve Bayes method, which is 

0.981%. The comparison of accuracy, precision, recall, and AUC values is shown in table 

1. 

Table 1. Comparison of Accuracy, Precision, Recall, and AUC Values 
Method Accuracy Precision Recall AUC 

Decision Tree 96.67% 96.16% 100% 0.922 

Naïve Bayes 96.67% 96.10% 100% 0.981 
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From table 1, it is known that both methods, there is the same accuracy value of 

96.67% and the same recall value of 100%. For the precision value, there is a difference 

of 0.6% and the precision decision tree value is higher than the naïve Bayes which is 

96.16%. As for the AUC value, the naïve bayes is higher, which is 0.922 with the 

difference from the decision tree of 0.059.  

It can be concluded that the two methods in data processing in this study have the 

same accuracy, so both methods are equally good. The cause of the similarities is the 

possibility of a model that is too simple or perhaps too complex to produce a perfect 

accuracy of 100%. The contribution of this study is to compare 2 methods, namely the 

decision tree with naïve bayes to classify customer loyalty with PSO optimization. 

 

4. Conclusion 
Both methods have the same accuracy value of 96.67% and the same recall value of 

100%. For the precision value, there is a difference of 0.6% and the precision decision 

tree value is higher than the naïve Bayes which is 96.16%. As for the AUC value, it is 

higher naïve bayes, which is 0.922 with the difference from the decision tree of 0.059. It 

can be concluded that the two methods in processing customer loyalty data in this study 

have the same accuracy, so both methods are equally good. In the next research, it is 

hoped that research will be carried out on different cases with the same methods and 

optimizations, so that the best method is known. 
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