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ABSTRACT

This study benchmarks multiple machine learning models to predict student academic performance. 
The research analyzes data from students in mathematics and Portuguese language courses, examining 
the relationship between various factors and academic performance. The benchmark implementation 
includes data preprocessing, exploratory data analysis, feature engineering, model training, and 
hyperparameter tuning for both regression (predicting final grades) and classification (predicting pass/
fail outcomes) tasks. The findings demonstrate that ensemble methods, particularly gradient boosting 
models, outperform other algorithms with root mean square error of 3.34 for regression and F1 score 
of 0.88 for classification after hyperparameter tuning. Feature importance analysis reveals that past 
failures, alcohol consumption, study time, and parent education level are among the most influential 
predictors of academic performance. The results provide valuable insights for educational stakeholders 
to implement targeted interventions for at-risk students and improve overall academic outcomes.
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INTRODUCTION

Educational data mining (EDM) has emerged as a vital field applying data mining and machine 
learning techniques to educational datasets to enhance understanding of students' learning processes 
and factors affecting their academic performance. As educational institutions accumulate extensive 
data on student demographics, behaviors, and outcomes, there is a growing opportunity to leverage 
this information to identify patterns, predict performance, and develop targeted interventions. The 
data exploration and presentation process in EDM consisted of the steps shown in Fig. 1.
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Figure 1. Educational Data Mining Process (EDM)

These steps, such as collecting data, preprocessing it, analyzing it, interpreting the results, and 
displaying them visually, are all needed to gain useful conclusions from educational data. With these 
realizations, strategies can be put in place to boost how effective teachers are and how much students 
participate, which eventually results in improved student outcomes (Inthanon & Wised, 2024). Using 
EDM, institutions help students learn better by making learning environments that suit their unique 
requirements and preferences. When these methods are applied, they can greatly improve how 
institutions operate by matching what learners need (Cheng, 2017).

Student academic performance prediction remains a challenging yet crucial task in educational 
research. Accurate prediction models can help educators identify at-risk students early, understand 
factors influencing learning outcomes, and develop personalized interventions to improve academic 
achievement. Traditional statistical methods often fail to capture complex, nonlinear relationships 
between various factors and student performance, making machine learning approaches particularly 
valuable in this domain.

Using machine learning algorithms such as regression and classification reveals important 
connections in educational data and helps improve how well student performance is forecast. Such 
advancements make it possible to help students early, greatly improving their learning (Al Breiki et 
al., 2019). On top of that, the integration of new algorithms, including ensemble methods and neural 
networks, can make predictions more accurate, which benefits educational planning.

Furthermore, using educational data mining provides a way to anticipate student outcomes and 
uncovers insights about the wider role of socioeconomics in learning. Studies have made clear that 
academic success is shaped by parental education and family dynamics, so any intervention should 
look at these factors to succeed (Li, 2024). If demographic data is included in predictive models, 
educators have a better chance to create approaches that fit the unique needs of every student 
population. This way of thinking highlights the need for a combined data approach that looks after 
academic outcomes and the cultural and social backgrounds of students, which helps every student 
achieve success. Using these advanced forecasting tools means students can learn more effectively 
and feel even more supported in the classroom.

This research aims to benchmark1 multiple machine learning algorithms for predicting student 
academic performance using the University of California at Irvine (UCI) Student Performance dataset, 
which contains information on Portuguese secondary school students. We approach this as both a 
regression problem (predicting final numeric grades) and a classification task (predicting whether 
students will pass or fail) while also identifying the most influential factors affecting student outcomes. 
The insights gained from this study can inform educational policies, guide intervention strategies, 
and contribute to the broader field of EDM.
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