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Abstract  

Graduation timeliness is a primary indicator in the accreditation assessment of higher education 

institutions. Royal University faces complexities in monitoring student graduation trends due 

to the vast volume of heterogeneous academic data. This study aims to enhance the performance 

of graduation timeliness prediction by implementing Feature Selection optimization using the 

Particle Swarm Optimization (PSO) algorithm on Naive Bayes classification. The dataset 

successfully extracted comprises 4,909 observations of alumni academic records, utilized to 

ensure the validity of target label attribution (On-time vs. Delayed). The PSO optimization 

process is employed to reduce irrelevant features that may degrade model performance. The 

research results indicate that the integration of PSO significantly improves accuracy from 

79.55% in the standard Naive Bayes algorithm to 87.16% in the optimized model. The dominant 

selected features include School Origin, Final GPA, and Attendance Rate. These findings prove 

that the hybrid PSO-Naive Bayes model is effective as an Early Warning System for university 

management to improve the timely graduation ratio. 
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Introduction  

Higher education institutions are required to guarantee the quality of their graduates, one 

of which is measured through the parameter of graduation timeliness. At Royal University, the 

increasing student population demands a more intelligent monitoring system to identify 

students at risk of academic delay [1]. The utilization of Machine Learning in the realm of 

education (Educational Data Mining) has been proven to provide deep predictive insights 

regarding student retention and academic performance [2]. 

However, the primary challenge in academic data classification is the presence of 

redundant or irrelevant attributes (noise), which, if included, can diminish prediction accuracy 

[3]. The Naive Bayes algorithm is frequently chosen for its ease of implementation and the 

assumption that the features within the data are independent of one another [4]. Recent research 

on individual academic characteristics indicates that targeted feature selection within predictive 

models, such as Naive Bayes, provides a robust framework for accurately identifying student 

graduation timelines and improving institutional accreditation [5]. Therefore, this study 

proposes a hybrid approach using Particle Swarm Optimization (PSO) to optimize feature 

selection for Naive Bayes to achieve maximum accuracy at Royal University. 

 

Literature Review  

The Naive Bayes algorithm is a probability-based machine learning method derived from 

Bayes' Theorem, operating under the strong assumption of feature independence within a class. 

In the field of Educational Data Mining (EDM), such automated techniques are essential for 

comprehension of learners and their environments, enabling institutions to predict student 

success or failure in required courses effectively [2]. The Bayes equation is expressed as 

follows: 

 

𝑷(𝑯|𝑬) =
𝑷(𝑬|𝑯) .𝑷(𝑯)

𝑷(𝑬)
  … (1) 

 

Despite its simplicity, Naive Bayes exhibits robust performance in classifying tabular 

academic data, provided the dataset has undergone a rigorous feature selection process using 

metaheuristic algorithms such as PSO. This effectiveness is evidenced by recent studies in 2024 

which achieved perfect accuracy scores through this hybrid approach [4]. 

 

PSO is a metaheuristic optimization algorithm inspired by the social behavior of bird 

flocking (swarming) [6]. In the search space, each "particle" represents a potential solution 

(feature subset) moving based on its position and velocity. In this study, PSO acts as a feature 

selection agent to identify the most significant subset of variables [7]. Velocity updates for 

particles are governed by the following equation: 

 

𝒗𝒊𝒅
𝒕+𝟏 = 𝒘. 𝒗𝒊𝒅

𝒕 + 𝒄𝟏. 𝒓𝟏. (𝒑𝒃𝒆𝒔𝒕𝒊𝒅 − 𝒙𝒊𝒅
𝒕 ) + 𝒄𝟐. 𝒓𝟐. (𝒈𝒃𝒆𝒔𝒕𝒊𝒅 − 𝒙𝒊𝒅

𝒕 ) … (2) 

 

Recent research in 2024 indicates that academic variables such as early-semester GPA 

and attendance rates are the strongest predictors of on-time graduation [8]. Furthermore, recent 

research conducted in 2025 indicates that the integration of the Random Forest algorithm with 

Particle Swarm Optimization (PSO)-based feature selection for predicting student graduation 

achieves exceptional performance, reaching an accuracy rate of up to 99.63%. This 

demonstrates that metaheuristic methods are highly effective in enhancing the generalization 

capabilities of classification models when applied to complex academic datasets [9]. 

 

Research Methodology  

This research follows a classification framework consisting of several systematic stages: 
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2.1 Data Collection 

The dataset was extracted directly from the Royal University database by integrating the 

mhsw (student) and krs (course enrollment) tables. This study utilizes a dataset of 4,909 

graduate records that have undergone an extraction process to ensure the validity of target label 

classifications, specifically on-time and delayed graduation. 

 

2.2 Data Preprocessing 

This stage involves data cleaning, transformation, and feature selection to improve model 

performance [10]. The steps are: 

• Cleaning: Removing data with missing student IDs (NIM) and handling missing values. 

• Feature Engineering: Recalculating GPA and total credits from KRS transaction data. 

• Transformation: Converting categorical data into numerical formats through Label 

Encoding. 

 

2.3 Naive Bayes Algorithm 

This method works based on Bayes' theorem with the assumption of feature independence 

[6]. The implementation of metaheuristic algorithms in optimizing Naive Bayes classification 

models has been proven to significantly increase efficiency and accuracy in various academic 

data case studies [5]. 

 

2.4 Particle Swarm Optimization (PSO) 

PSO is a metaheuristic optimization algorithm inspired by the social behavior of bird 

flocks searching for food [8]. In the context of feature selection, each particle moves through 

the search space based on its personal best (pbest) and global best (gbest) to minimize 

classification errors and select the most relevant features [11]. 
 

Results  

Experiments were conducted on 4,909 data points with a split of 70% for training data 

and 30% for testing data: 

 

3.1 Feature Optimization Results 

Based on the PSO iteration results over 20 stages, it was found that feature reduction is 

crucial in improving model quality. From the 6 initial features, PSO successfully identified 3 

dominant features: School Origin, Final GPA, and Attendance Rate for Semesters 1-4. 

Demographic variables, such as Parents' Occupation, were eliminated as they were deemed not 

to contribute significantly to the predictive power [9]. 



Rudi Hermawan, Muhammad Iqbal 

Page 6772 of 6774 

 
Figure 1. PSO Optimization Convergence Graph Demonstrating Accuracy Improvement 

Across Iterations 

 

The optimization progress visualized in Figure 1 illustrates the convergence of the PSO 

algorithm. The graph depicts a significant increase in accuracy during the initial iterations 

before reaching a stable peak of 87.16%. This stability indicates that the algorithm efficiently 

identified the optimal feature subset required for high-precision classification. 

 

3.2 Performance Comparison 

After testing, the model showed a significant performance improvement following the 

implementation of PSO compared to the Naive Bayes model without optimization: 

 

Table 1. Model Comparison Table 

No. Algorithm Accuracy Precision Recall F1-Score 

1 Standard Naive Bayes 79,55% 79,69% 79,55% 79,61% 

2 PSO-Naive Bayes 87,16% 88,45% 87,16% 86,61% 

 

The increase of 7.61% proves that PSO successfully filtered out data noise. Confusion 

Matrix analysis shows that this hybrid model is much more accurate in detecting students at 

risk of graduating late, allowing for earlier intervention by the study program management. 

 

3.3. Confusion Matrix Analysis 

The detailed classification performance of the optimized model is presented through a 

confusion matrix to evaluate the specific prediction outcomes. 
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Figure 2. Confusion Matrix of the Optimized PSO-Naive Bayes Model (Delayed vs. On-

time) 

 

Conclusion  

This study successfully demonstrates that the integration of Particle Swarm Optimization 

(PSO) with the Naive Bayes algorithm is effective in improving the prediction performance of 

graduation timeliness at Royal University, reaching an accuracy of 87.16%. The feature 

selection results show that internal academic factors (GPA and attendance) are far more 

decisive than demographic factors. The implementation of this model can support university 

management in providing a more accurate early warning system to increase the timely 

graduation ratio. 
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