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Delays in the payment of Educational Development Contributions (SPP) have 
become a major issue impacting financial management at MTs. Al-Jabar Bali, 
with approximately 60% of students experiencing payment delays each year. 
This study aims to compare the accuracy of Decision Tree algorithms C4.5 and 
C5.0 in predicting SPP payment delays. The research method adopts the 
CRISP-DM approach and is implemented using Python on the Google 
Colaboratory platform. The data used includes students’ payment histories, 
parents' occupations, and income. The models were evaluated using 
Accuracy, Precision, and Recall metrics. The results show that the C5.0 
algorithm has higher accuracy (98%) compared to C4.5 (89%). The C5.0 
algorithm is recommended as an effective predictive model to assist schools 
in making strategic financial management decisions.  
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1. Introduction  

Education is one of the fundamental needs in human life. One form of support for the 
implementation of education, especially in private schools, is through the payment of Educational 
Development Contributions (SPP)[1],[2]. SPP serves as the main source of funding to support school 
operational activities such as the procurement of infrastructure, payment of teachers and staff salaries, 
as well as the development of education quality[3],[4]. MTs. Al-Jabar Bali, as a private educational 
institution, relies on SPP as its primary source of funding. However, in the past five years, the school 
has encountered serious problems regarding delays in SPP payments by students[5]. According to the 
school’s finance department, more than 60% of students experience payment delays every year. This 
condition directly affects the school’s financial stability and potentially hinders the learning process and 
school development[6],[7]. 

To address this challenge, a solution is needed that can accurately predict the potential for SPP 
payment delays[8],[9]. One approach that can be used is data mining methods with Decision Tree 
algorithms. Decision Tree is a classification method capable of mapping patterns from historical data 
and making decisions based on rules formed in a tree structure. Commonly used Decision Tree 
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algorithms include C4.5 and C5.0[10],[11]. The C4.5 algorithm is known for its ability to handle both 
categorical and numerical data and for generating fairly good decision trees[12],[13]. Meanwhile, the 
C5.0 algorithm is an enhanced version of C4.5, offering advantages in terms of computational speed, 
accuracy, and more optimal pruning capabilities[14]. 

Based on this background, this study was conducted to compare the accuracy performance of 
the C4.5 and C5.0 algorithms in predicting SPP payment delays at MTs[15],[16]. Al-Jabar Bali. The 
results of this study are expected to provide recommendations for schools to implement the appropriate 
predictive model in order to improve the efficiency of financial management[17],[18]. 

 
2. Research Method  
2.1 Prediction 

Prediction is the process of estimating future events based on historical data. In the context of this 
research, prediction is used to estimate whether a student will experience delays in paying tuition fees 
(SPP) based on previous data patterns. Prediction is similar to forecasting or estimation and is usually 
based on scientific or subjective methods. The benefits of making predictions, according to include: 
1. Understanding future conditions. 
2. Planning for production, marketing, finance, and other aspects. 
3. Assisting in investment decision-making within a company. 

 
2.2 Data Mining 

Data mining is the process of discovering patterns or important information from large data sets. In 
this research, data mining is used to process student and financial data into accurate prediction models. 
The techniques used in data mining include classification, association, and clustering[19]. 

 

 
Figure 1. Four Core Data Mining 

 
2.3 Decision Tree 

A Decision Tree is a classification method that displays rules in a tree structure. Each node in the 
tree represents an attribute, branches represent the outcomes of the attributes, and the leaves represent 
the final decision or class. 
 
2.4 C4.5 and C5.0Algorithms 
1. C4.5 uses the concepts of entropy and information gain to determine the best attribute for splitting 

the data. This algorithm builds a decision tree with rules based on the dominant attribute values. 
This algorithm uses the calculation of Entropy, information gain, split info and gain ratio for 
selecting attributes to become nodes[20]. The formula for calculating Entropy is as follows: 
 
𝐸𝑛𝑡𝑟𝑜𝑝𝑦(𝑆) = ∑ − ௡

௜ୀଵ 𝑝𝑖 ∗ 𝑙𝑜𝑔ଶ 𝑝𝑖  (1)
  
Description: 
S : Set of Classes 
n : Number of partitions in S 
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pi : Proportion of Si relative to S 
 
Where S represents the set of cases, n is the number of partitions in S, and pi is the proportion of the 
i-th case set relative to the entire case set. Meanwhile, the formula for calculating information gain 
is as follows: 
 
𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛𝐺𝑎𝑖𝑛(𝑆, 𝐴) =  𝐸𝑛𝑡𝑟𝑜𝑝𝑦(𝑆) − ∑

|௦೔|

|௦೔|

௡
௜ୀଵ ∗ 𝐸𝑛𝑡𝑟𝑜𝑝𝑦(𝑆)  (2) 

Description: 
S : Set of cases 
A : Attribute 
n : Number of partitions of attribute A 
|Si| : Number of cases in the i-th partition 
|S| : Total number of cases in S 
 

2. C5.0 is an improvement over C4.5 that is more efficient, delivers higher accuracy, and supports 
better pruning and handling of missing values. C5.0 or See5 is an updated version of C4.5, which 
initially adopted the rules used by ID3[21]. C5 also follows the principles found in C4.5, thus having 
rules that are almost similar to the C4.5 algorithm. Like C4.5, the C5.0 algorithm also provides 
features such as attribute selection, cross-validation, and error pruning to reduce errors[22]. The 
first step in calculating the C5.0 algorithm is to calculate the entropy value using the following 
formula: 
 
𝐸𝑛𝑡𝑟𝑜𝑝𝑦(𝑆) = ∑ − ௡

௜ୀଵ 𝑝𝑖 ∗ 𝑙𝑜𝑔ଶ 𝑝𝑖  (3) 
Description: 
S : Set of Classes 
n : Number of partitions in S 
pi : Proportion of Si relative to S 
 
After obtaining the entropy value for each attribute, the next step is to calculate the information 
gain using the following formula:  
𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛𝐺𝑎𝑖𝑛(𝑆, 𝐴) =  𝐸𝑛𝑡𝑟𝑜𝑝𝑦(𝑆) − ∑

|௦೔|

|௦೔|

௡
௜ୀଵ ∗ 𝐸𝑛𝑡𝑟𝑜𝑝𝑦(𝑆)  (4) 

Description: 
S : Set of cases 
A : Attribute 
n : Number of partitions of attribute A 
|Si| : Number of cases in the i-th partition 
|S| : Total number of cases in S 
Finally, in the last stage, the gain ratio is calculated using the following formula: 
𝐺𝑎𝑖𝑛 𝑅𝑎𝑡𝑖𝑜 =

ூ௡௙௢௥௠௔௧௜௢௡ீ௔௜௡(ௌ,஺)

∑ ா௡௧௥௢௣௬೙
೔సభ (௦೔)

  (5) 

 
2.5 Confusion Matrix 

The Confusion Matrix is used to evaluate the performance of classification models. The values 
produced include True Positive (TP), False Positive (FP), True Negative (TN), and False Negative (FN). 
From these values, metrics such as Accuracy, Precision, and Recall are calculated. 
Based on the values of TP (True Positive), TN (True Negative), FP (False Positive), and FN (False 
Negative), the values of Accuracy, Precision, and Recall can be calculated. 
 
Accuracy 
Accuracy is the degree of closeness between the predicted value and the actual value[23]. The formula 
to calculate Accuracy is: 
𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦

்௉ା்

்௉ା்ேାி௉ାி
 x 100  (6) 
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Precision 
Precision is the level of accuracy between the information requested by the user and the response 
provided by the system[24]. The formula to calculate Precision is: 
 
𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛

்௉

்௉ାி௉
 x 100 (7) 

 
Recall 
Recall is the system’s ability to successfully retrieve relevant information[25]. The formula to calculate 
Recall is: 
 
𝑟𝑒𝑐𝑎𝑙𝑙

்௉

்௉ାிே
 x 100 (8) 

 
TP : is a prediction result that is positive and correct. 
TN : is a prediction result that is negative and correct. 
FP : is a prediction result that is positive but incorrect. 
FN : is a prediction result that is negative but incorrect. 
 
2.6 Tools and Programming Languange 

This research utilizes the Python programming language on the Google Colaboratory platform. 
Several libraries used include Pandas, Numpy, Matplotlib, and Sklearn for the data mining processes 
and model evaluation. 

 
3. Results And Discussion 
3.1 Data Decription 
 The data used in this study is the historical data of SPP (Educational Development Contribution) 
payments by students of MTs. Al-Jabar Bali during the period from 2019 to 2024. The data includes 
several important attributes that influence payment delays, namely: parents' occupation, parents' 
monthly income, number of family dependents, and payment delay status (problematic or non-
problematic). The classification criteria for payment delays in this study are divided into two categories: 
1. Non-Problematic: payment delay is less than 6 months 
2. Problematic: payment delay is 6 months or more 

 
3.2 Model Implementation 
 The implementation process was carried out using the Python programming language with the help 
of several libraries such as Pandas, NumPy, Sklearn, and Matplotlib on the Google Colaboratory 
platform. The processed data was then used for training and testing the models using the Decision Tree 
C4.5 and C5.0 algorithms. 
 
C4.5 Algorithm 
 The C4.5 model was built using partitioning based on the information gain and entropy values of 
each attribute. The decision tree structure is formed with nodes representing the attributes and branches 
representing the outcomes of those attributes. After training and testing, the evaluation results obtained 
were: 
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Figure 2. Confusion Matrix C4.5 

 
Based on the obtained confusion matrix, it can be concluded that: 
1. The correct predictions for problematic data (True Positive) amounted to 70 predictions, while the 

incorrect predictions (False Positive) totaled 4 predictions. 
2. The correct predictions for non-problematic data (True Negative) amounted to 47 predictions, while 

the incorrect predictions (False Negative) totaled 0 predictions. 
 

C5.0 Algorithm 
 The C5.0 algorithm is an enhancement of C4.5, employing more efficient pruning and rule 
generation processes. The C5.0 model produces a simpler and more accurate decision tree structure. 
The evaluation results of the C5.0 algorithm are: 

 
Figure 3. Confusion Matrix C5.0 

 
Based on the obtained Confusion Matrix, it can be concluded that: 
1. The correct predictions for problematic data (True Positive) amounted to 71 predictions, while the 

incorrect predictions (False Positive) totaled 2 predictions. 
2. The correct predictions for non-problematic data (True Negative) amounted to 48 predictions, while 

the incorrect predictions (False Negative) totaled 0 predictions. 
 

3.3 Result Comparasion 
 The analysis results show a significant performance difference between the C4.5 and C5.0 
algorithms in predicting tuition payment delays (SPP) at MTs. Al-Jabar Bali. The C4.5 algorithm 
achieved an accuracy of 96.69%, a precision of 94.59%, and a recall of 100%. Meanwhile, the C5.0 
algorithm achieved an accuracy of 98.34%, a precision of 97.26%, and also a recall of 100%. Based on this 
comparison, the C5.0 algorithm demonstrated a higher accuracy by 1.66% compared to C4.5. In terms 
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of precision, C5.0 also outperformed with a 2.67% higher value than C4.5. As for recall, both algorithms 
showed equally strong results, reaching 100%, indicating that both are highly effective in detecting 
problematic data without errors in classifying positive data. Overall, C5.0 is superior in terms of 
accuracy and precision. 
 The main factor contributing to these differences lies in the structure and working mechanism of 
each algorithm. The C5.0 algorithm is an improved version of C4.5 with various enhancements, 
especially in handling more complex data. C5.0 is capable of processing continuous attributes more 
effectively, generating more optimal decision trees, and producing more stable predictive models. This 
capability makes C5.0 more effective in processing historical student payment data, as it can produce 
models that are more accurate and responsive to data variations compared to C4.5. The improved 
performance in building decision trees also contributes to the increase in accuracy by 1.66% and 
precision by 2.67%, resulting in a more reliable prediction model. 
 The increase in the number of students from year to year can also affect the effectiveness of the 
prediction model; therefore, regular monitoring and evaluation are necessary to ensure the analysis 
results remain relevant. Thus, the utilization of the C5.0 algorithm is expected to support more accurate 
and efficient decision-making in addressing the issue of tuition payment delays (SPP). 
 Based on the evaluation using accuracy, precision, and recall metrics, it can be concluded that the 
C5.0 algorithm is more effective and accurate than the C4.5 algorithm. The advantages of C5.0 in 
producing more stable and precise prediction models make it more suitable for implementation as a 
prediction tool for SPP payment delays at MTs. Al-Jabar Bali. With higher performance—an increase of 
1.66% in accuracy and 2.67% in precision—C5.0 is expected to assist the school in managing and 
predicting payment data more optimally, thereby supporting more accurate and efficient decision-
making. The following table shows the comparison results of the C4.5 and C5.0 algorithms. 
 

Table 1. Comparison Results 
   Algoritma C4.5 Algoritma C5.0 

Accuracy   96,69% 98,34% 

Precision  94,59% 97,26% 

Recall   100% 100% 
 
3.4 Discussion 
 The application of this predictive method provides strategic benefits for the school. By identifying 
students who are likely to experience payment delays, the school can implement early interventions, 
such as issuing warnings, designing subsidy programs, or approaching parents directly. In addition, 
this study proves that data mining has a real contribution in the field of education, especially in terms 
of financial management. The predictive model built can also be used for other policy analysis needs, 
such as dropout prediction, learning performance, and so on. 
 
4. Conclusion 

Based on the accuracy comparison calculations of the Decision Tree Algorithms C4.5 and C5.0 in 
predicting tuition payment delays (SPP) at MTs. Al-Jabar Bali, several conclusions can be drawn as 
follows: 
1. The analysis results show that the C4.5 algorithm achieved an accuracy of 96.69%, a precision of 

94.59%, and a recall of 100%. Meanwhile, the C5.0 algorithm achieved an accuracy of 98.34%, a 
precision of 97.26%, and a recall of 100%. 

2. The main factor that causes performance differences between the C4.5 and C5.0 algorithms in 
predicting tuition payment delays at MTs. Al-Jabar Bali lies in the structure and working 
mechanism of each algorithm. C5.0 is an improved version of C4.5 with several enhancements, 
including its ability to handle data with continuous attributes. C5.0 can process numerical data more 
effectively, generate more efficient decision trees, and produce more accurate predictive models. 
Therefore, C5.0 tends to provide more accurate prediction results, especially when applied to 
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students’ historical SPP payment data, as it can produce a more stable and precise model compared 
to C4.5. 

3. Based on the evaluation results using the Accuracy, Precision, and Recall metrics, the C5.0 algorithm 
is considered more effective and accurate than the C4.5 algorithm. Thus, the C5.0 algorithm is 
recommended as a more appropriate prediction model to be implemented at MTs. Al-Jabar Bali for 
predicting tuition payment delays. 

 
Suggestions 
Based on the analysis results of the accuracy comparison between the C4.5 and C5.0 Decision Tree 
Algorithms in predicting tuition payment delays at MTs. Al-Jabar Bali, there are still several 
improvements that can be considered for future research, such as: 
1. Expanding and increasing the dataset used, as larger and more diverse data can improve prediction 

accuracy and provide more specific results. 
2. To enhance the level of detail in the classification process, it is recommended to consider adding 

additional research attributes. 
3. Conducting research on different objects using the C4.5 and C5.0 algorithms to evaluate the 

strengths and weaknesses of both algorithms in various contexts. 
 

Author Contributions 
From the results of the analysis of the calculation of the accuracy of the Decision Tree C4.5 and 

C5.0 Algorithms in predicting late payment of SPP at MTs. Al-Jabar Bali. For further research, it can be 
supplemented in the analysis of the calculation of the C4.5 and C5.0 Algorithms, namely: (1) Enlarging 
and expanding the dataset used, because more and more varied data can increase the accuracy of 
predictions and provide more specific results. (2) To increase the level of detail in the classification 
process, you can consider adding additional research attributes. (3) Conducting research with different 
objects using the C4.5 and C5.0 Algorithms. In order to be able to rotate the advantages and 
disadvantages of the two algorithms. 
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