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Abstract− Determining student eligibility for undertaking a final project is an important process in higher education, 

which is often still conducted manually and subjectively. This study aims to develop a classification model based on machine 
learning to determine the eligibility of students at Batam University using Decision Tree (C4.5) and Random Forest 

algorithms. The data used includes Grade Point Average (GPA), total completed credits (SKS), prerequisite course grades, 

and academic records. This research employs a quantitative approach with stages including data collection, data 

preprocessing, model development, and performance evaluation using accuracy, precision, and recall metrics. The results 
show that both algorithms are capable of classifying student eligibility effectively. The Decision Tree (C4.5) algorithm 

produces an interpretable model in the form of decision rules, while Random Forest demonstrates superior performance in 

terms of accuracy and prediction stability. The comparison indicates that Random Forest is more effective in handling 

complex data, whereas C4.5 provides better model transparency. In conclusion, the implementation of Decision Tree (C4.5) 
and Random Forest algorithms can serve as an effective solution to support objective and data-driven academic decision-

making. The resulting model has the potential to be developed into a decision support system to improve the efficiency and 

quality of determining student eligibility for final project enrollment. 
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1. INTRODUCTION 

The final project is a crucial component of higher education, serving as an indicator of a student's ability to 

integrate the knowledge and skills acquired during their studies. A student's success in completing a final project 

is not solely determined by their individual abilities but also by their academic preparedness, which includes 

their Grade Point Average (GPA), the number of Semester Credit Units (SKS) completed, and their completion 

of prerequisite courses. However, in practice, not all students who meet the administrative requirements are truly 

ready to undertake a final project, creating uncertainty in the process of determining academic eligibilit [1]. 

This issue poses a significant challenge for universities, particularly in objectively and accurately 

determining which students are eligible to undertake final assignments. In practice, the eligibility assessment 

process is still largely manual, based on subjective academic considerations, such as lecturer evaluations or 

administrative policies that are not always based on comprehensive data analysis. This situation results in 

inconsistent decision-making and the potential for bias, especially when the number of students to be evaluated 

is quite large. Furthermore, decisions not supported by systematic data analysis can result in inaccurate 

determinations of student readiness, resulting in students who are not actually ready to undertake final 

assignments, while eligible students experience delays [2] [3]. 

The impact of these issues is felt not only by students in the form of delays in their studies, but also by 

educational institutions, which must bear the burden of increased administrative burdens and reduced efficiency 

in academic management. In this context, decision-making based solely on intuition or experience is considered 

less effective than a data-driven approach, which emphasizes the use of factual data to improve decision quality. 

Various international studies have shown that the use of educational data mining and machine learning 

techniques can help educational institutions identify student academic patterns, predict performance, and support 

more accurate and consistent decision-making [4]. 

Furthermore, a data-driven approach also enables the development of decision support systems (DSS) that 

can process multiple academic variables simultaneously, resulting in more objective recommendations than 

manual methods. With such a system, universities can minimize subjectivity in assessments and increase 

efficiency in the student eligibility evaluation process. Therefore, a transformation from a conventional approach 

to a data- and technology-driven approach is necessary to ensure that the process of determining student 

eligibility for final assignments can be carried out more precisely, transparently, and measurably [5]. 

With the advancement of information technology, particularly in the fields of data mining and machine 

learning, opportunities have emerged to utilize student academic data as a basis for more objective, data-driven 

decision-making. Classification techniques in data mining allow for grouping student data based on specific 

attributes to generate more accurate predictions or decisions. In this context, algorithms such as Decision Tree 

(C4.5) and Random Forest have been widely used in research to predict student academic performance and 

graduation status [6][7]. 
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The Decision Tree algorithm (C4.5) has the advantage of producing easy-to-understand models because it 

is rule-based, making it easier for non-technical users to interpret. This algorithm works by using the concept of 

information gain or gain ratio to determine the best attributes for building a decision tree. On the other hand, 

Random Forest, as an ensemble learning method, can improve prediction accuracy and stability by combining 

multiple decision trees and reducing the risk of overfitting. Various studies have shown that Random Forest 

tends to outperform a single Decision Tree in handling complex data [8]. 

At Batam University, the use of academic data to support decision-making regarding student eligibility 

for final assignments has not been optimal. Available data is still underutilized as a strategic source of 

information for predictive analysis. Therefore, a machine learning-based approach capable of systematically 

processing academic data to produce accurate and reliable predictive models is needed [9]. 

Based on these issues, this study was conducted to analyze and compare the performance of the Decision 

Tree (C4.5) and Random Forest algorithms in determining student eligibility for final assignments. The results 

are expected to contribute to the development of more objective, efficient, and data-driven academic decision 

support systems in higher education settings [10][11]. 

2. RESEARCH METHODOLOGY 

 

This study uses a quantitative approach with data mining and machine learning methods to analyze 

students' eligibility for final assignments based on academic data. This approach was chosen because the study 

focuses on processing numerical and categorical data such as Grade Point Average (GPA), number of credits, 

prerequisite course grades, and students' academic history. This study is explanatory and predictive, meaning it 

not only explains the relationships between academic variables but also builds predictive models using the 

Decision Tree (C4.5) and Random Forest algorithms.[12]. In addition, this study also uses a comparative 

approach to compare the performance of the two algorithms in producing optimal classification models. 

 
Figure 1. Research Flow Diagram 

The data source in this study comes from the academic information system of Batam University which 

includes dataStudent study history. The data used consists of quantitative data such as GPA, number of credits, 

and course grades, as well as categorical data such as course completion status and student eligibility status for 

final assignments. The data is compiled into a structured dataset that is used as input in the classification process. 

In addition, this study also utilizes supporting data in the form of academic documentation related to the rules 

and criteria for final assignments [13]. 

Data collection techniques involved secondary data collection from academic information systems and a 

study of documentation regarding applicable academic regulations. Furthermore, the obtained data underwent a 

verification and data cleaning process to remove incomplete data, duplication, and inconsistencies, ensuring the 

dataset was of good quality and ready for analysis. 

The research was conducted systematically, starting with problem identification and then developing a 

classification model using the Decision Tree (C4.5) algorithm and the Random Forest algorithm to produce a 

more stable and accurate model. Random Forest is an ensemble learning method that combines multiple decision 

trees to improve accuracy and reduce overfitting. Mathematically, the Random Forest prediction is formulated as 

follows: 

𝓎̂=mode{ (),(),...,()}𝒽1𝓍𝒽2𝓍𝒽𝓃𝓍       (1) 

where () is the prediction of each i-th decision tree and the final result is determined based on majority 

voting. The next stage is the collection of relevant student academic data, followed by data pre-processing to 

clean and transform the data to suit the model's needs. After that, a classification model is formed using the 

Decision Tree algorithm (C4.5) to generate decision rules, as well as the Random Forest algorithm to produce a 

more stable and accurate model. Next, both models are evaluated and compared using performance metrics such 

as accuracy, precision, recall, and confusion matrix to determine the best model. The final stage is the 

preparation of conclusions and recommendations as the basis for developing an academic decision support 

system.𝒽𝒾𝓍[14][15]. 

Data analysis in this study was conducted by dividing the dataset into training data and testing data. 

Models were built using the two predetermined algorithms, then tested to determine the performance of each 

model. The evaluation results were used to determine the most effective algorithm in accurately and consistently 

predicting student eligibility for final assignments [17],[18]. 
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To support the research, the hardware used was a computer with an Intel Core i3 processor, 6 GB of 

RAM, and a 500 GB hard disk. The software used included the Windows 10 operating system, Microsoft Office 

2019, and a dedicated software package. 

3. RESULTS AND DISCUSSION 

 

Based on the results of research conducted using academic data of Batam University students, a classification 

model for eligibility for taking the final assignment was successfully built by applying the Decision Tree (C4.5) 

and Random Forest algorithms. The data processing process begins with the pre-processing stage which includes 

data cleaning, attribute transformation, and the formation of a dataset consisting of main variables such as GPA, 

number of credits, prerequisite course grades, and student academic status. The dataset is then divided into 

training data and testing data to ensure the model can be evaluated objectively. The modeling results show that 

both algorithms are able to classify students into categories eligible and unfit to take the final assignment with a 

good level of performance. 

In the Decision Tree model (C4.5), the results obtained are in the form of a decision tree structure that 

describes the relationship between academic attributes and student eligibility status. GPA and number of credits 

are the dominant factors in determining the branching of the decision tree, followed by prerequisite course 

grades. This model produces easy-to-understand decision rules (rule-based), for example, students with a GPA 

above a certain threshold and a sufficient number of credits tend to be classified as eligible. The main advantage 

of this model lies in its interpretability, so that academics can easily understand the factors that influence student 

eligibility in a transparent manner. 

Meanwhile, the Random Forest model demonstrated superior performance compared to C4.5 in terms of 

prediction accuracy and stability. By building multiple decision trees and combining their results, Random 

Forest was able to reduce the risk of overfitting that typically occurs in single-tree models. Evaluation results 

using metrics such as accuracy, precision, and recall showed that Random Forest had a higher level of 

consistency in classifying student data, especially on datasets with complex attribute variations. This indicates 

that Random Forest is more effective in handling multidimensional academic data.[16]. 

A comparison of the two algorithms shows that while Random Forest performs better in terms of 

accuracy, Decision Tree (C4.5) still has an advantage in terms of model interpretability. In the context of 

academic decision-making, these two algorithms can complement each other, with Random Forest being used to 

produce more accurate predictions, while C4.5 is used to provide more understandable explanations of the 

classification results. Thus, the combination of the two can be a strong foundation for developing academic 

decision support systems. 

Overall, the results of this study indicate that the application of machine learning algorithms, specifically 

Decision Tree (C4.5) and Random Forest, can provide a more objective and data-driven solution in determining 

student eligibility for final assignments. The resulting model not only improves the efficiency of the academic 

evaluation process but also helps the university reduce subjectivity in decision-making. Therefore, the 

implementation of this model has great potential for further development into an integrated decision support 

system within the academic information system of Batam University. 

 

                                  Table 1. Data Preprocessing 

GPA 0 

Failed Course 0 

Number of Academic 

Leaves 

0 

Work While Studying 0 

Number of Semesters 0 

TA_Eligibility_Status 0 

Average IPS 0 

Final Semester Social 

Studies 

0 

IPS Trends 0 

Attendance Category 0 
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Figure 1. Confusion matrix - Decision Tree (C4.5) 

The confusion matrix in the Decision Tree model (C4.5) shows that the model is able to classify the 

data quite well, with a True Negative value of 8971 and a True Positive value of 8715. However, there are still 

classification errors in the form of 1024 False Positives and 1290 False Negatives. This shows that although the 

model has high performance in recognizing both classes, there are still a number of errors, especially in the 

prediction of the positive class which is predicted as negative. 

 
Figure 2. Accuracy Comparison 

 

The accuracy comparison graph shows that the training and testing accuracy values are approximately the 

same, around 0.88–0.89. This indicates that the model has stable performance and is not experiencing 

overfitting, as the model's performance on the training and test data is not significantly different. 

 
Figure 3. C45 Decision Tree Visualization 
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The image depicts a portion of a page containing a mathematical formula or analytical calculation, likely 

related to the calculation process within a specific model or method. The presence of mathematical symbols such 

as variables, exponents, and roots indicates that the image represents the steps of a mathematical calculation or 

formulation. Furthermore, there is a handwritten section at the bottom, indicating a manual calculation process or 

a detailed explanation of the formula. Overall, the image depicts the stages of mathematical calculations used to 

support analysis or modeling, whether in the context of statistics or machine learning. 

 
Figure 4. Confusion Matrix - Random Forest 

The confusion matrix of the Random Forest model shows improved performance compared to the 

Decision Tree model. The True Negative count is very high at 9,649, while the False Positive count is only 346, 

demonstrating the model's excellent ability to recognize the negative class. This indicates that the Random Forest 

model is more accurate and stable in its classification than the previous model. 

 
Figure 5. Accuracy Testing Training - Random Forest 

The figure shows a comparison between the training and testing accuracy of the Random Forest model. 

The accuracy value on the training data is very high, approaching 1.0, while the accuracy on the testing data is 

slightly lower but still high. This indicates that the Random Forest model is able to learn data patterns very well 

on the training data and also has quite good generalization capabilities on the test data. The small difference 

between the training and testing accuracy indicates that the model does not experience significant overfitting. 

Thus, the model can be said to be stable and quite optimal in classifying. 

 
Figure 6. Feature Importance - Random Forest 
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The feature importance graph shows that the Final Semester Social Studies feature has the greatest 

influence on predicting the results. This is followed by features such as attendance category and Social Studies 

trend, while the number of academic leave features has the least influence. This indicates that recent academic 

performance is the primary factor in the classification. 

 

Table 2. Feature Importance Random Forest 

 Feature Importance 

1 Failed Course 0.502842 

4 Number of Semesters 0.195845 

0 GPA 0.129419 

6 Final Semester Social Studies 0.109208 

8 Attendance Category 0.027246 

7 IPS Trends 0.024879 

5 Average IPS 0.008730 

2 Number of Academic Leaves 0.001164 

3 Work While Studying 0.000667 

 

 

 

Figure 7. Training Vs Testing Accuracy – Staking (DT + RF) 

The figure shows a comparison graph of the accuracy of the stacking model (Decision Tree/C4.5 + 

Random Forest) between the training and testing data. It can be seen that both accuracy values are at a high level 

and almost close to the maximum value, indicating that the model has excellent classification capabilities. 

Furthermore, the difference between training and testing accuracy is very small, indicating that the model does 

not experience overfitting and is able to generalize well to new data. This shows that the stacking method that 

combines two algorithms can improve the stability and performance of the model as a whole, resulting in more 

accurate and consistent predictions. 

 

 
Figure 9. Confusion Matrix - stacking (C4.5 and Random Forest) 
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The confusion matrix in the figure shows the performance of the stacking model (a combination of C4.5 

and Random Forest) in classifying two classes, namely Unfit and Feasible. It can be seen that 9680 Unfit data 

were successfully predicted correctly (True Negative), while only 315 data were incorrectly predicted as Feasible 

(False Positive). In the Feasible class, there were 9720 data that were correctly predicted (True Positive) and 

only 285 data that were incorrectly predicted as Unfit (False Negative). These results indicate that the stacking 

model has excellent performance with a very high number of correct predictions and relatively small errors. 

Overall, the model is able to distinguish the two classes very accurately and balanced, so it can be said to be the 

optimal model in this classification task. 

 
Figure 8. Comparison of C4.5 vs. Combination (C4.5 + Random Forest) 

 

The figure shows a comparison of accuracy between the Decision Tree model (C4.5) and the combination 

model (C4.5 + Random Forest) on training and testing data. It can be seen that the Decision Tree model has a 

fairly high accuracy value, but still below the combination model. Meanwhile, the combination model (C4.5 + 

Random Forest) shows improved performance with a training accuracy value approaching 1.0 and a testing 

accuracy that is also higher than the Decision Tree. In addition, the difference between the training and testing 

accuracy of the two models is not too large, indicating that neither model experiences significant overfitting. 

However, the combination model remains superior because it is able to provide higher accuracy and more stable 

results, so it can be concluded that the use of the ensemble method can improve model performance in the 

classification process. 

 
Figure 9. Comparison of the Confusion For Matrix - C4.5 and Random Forest 

 

The figure shows a comparison of the confusion matrix between the C4.5 model and the combination 

model (C4.5 + Random Forest) in classifying two classes, namely Unfit and Feasible. In the C4.5 model, it can 

be seen that there are 8971 Unfit data that are correctly predicted (True Negative) and 8715 Eligible data that are 

correctly predicted (True Positive), but there are still quite large errors, namely 1024 False Positive and 1290 

False Negative. Meanwhile, in the combination model (C4.5 + Random Forest), the number of correct 

predictions increased significantly with 9680 True Negative and 9720 True Positive, as well as much smaller 

errors, namely only 315 False Positive and 285 False Negative. This shows that the combination model has a 

much better performance than the C4.5 model, both in reducing prediction errors and in increasing overall 
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accuracy. Thus, the use of the ensemble method through a combination of C4.5 and Random Forest has been 

proven to be able to improve the model's ability to distinguish the two classes more accurately and balanced. 

 
Figure 10. Comparison of C4.5 vs. Combination (C4.5 + Random Forest) 

 

  The figure shows a comparison of the accuracy between the Random Forest model and the combined 

model (C4.5 + Random Forest) on the training and testing data. It can be seen that both models have very high 

accuracy values, both on the training and testing data, indicating that both are capable of good classification. 

However, the combined model (C4.5 + Random Forest) shows slightly superior performance compared to pure 

Random Forest, both in terms of training accuracy and testing accuracy. Furthermore, the difference between the 

training and testing accuracy of the two models is relatively small, indicating that the models do not experience 

significant overfitting and have good generalization capabilities. 

 
Figure 11. Comparison of the Confusion For Random Forest and Combination (C4.5 + Random Forest) 

 

The figure shows a comparison of the confusion matrix between the Random Forest model and the 

combination model (C4.5 + Random Forest) in classifying two classes, namely Unfit and Feasible. In the 

Random Forest model, it can be seen that 9649 Unfit data were predicted correctly (True Negative) and 9650 

Feasible data were predicted correctly (True Positive), with errors of 346 False Positive and 355 False Negative. 

Meanwhile, in the combination model (C4.5 + Random Forest), the number of correct predictions increased to 

9680 for Unfit and 9720 for Feasible, and the number of errors decreased to 315 False Positive and 285 False 

Negative. This shows that the combination model has better performance than Random Forest, because it is able 

to increase the number of correct predictions while reducing classification errors. Thus, the use of the ensemble 

method through a combination of algorithms provides more accurate and balanced results in distinguishing the 

two classes. 

4. CONCLUSION 

Based on the research results, it can be concluded that the implementation of the Decision Tree (C4.5) 

and Random Forest classification algorithms can be used effectively in determining the eligibility of Batam 

University students to take the final assignment based on academic data such as GPA, number of credits, 

prerequisite course grades, and study history. Both algorithms demonstrated good capabilities in identifying 

patterns of relationships between academic variables and producing predictive models that can be used as a basis 

for more objective decision-making. 
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The Decision Tree (C4.5) model offers the advantage of an easily understood and interpreted decision 

tree structure, making it easier for academics to identify the key factors influencing student eligibility. 

Meanwhile, Random Forest demonstrates superior performance in terms of prediction accuracy and stability, as 

it is able to reduce overfitting through the combination of multiple decision trees. Thus, the results of this study 

indicate that the combination of these two algorithms can provide a balance between model accuracy and 

interpretability. The implementation of this classification model has the potential to become the basis for 

developing a data-driven academic decision support system, thereby increasing efficiency, consistency, and 

objectivity in the process of determining student eligibility for final assignments at Batam University. 
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