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ABSTRACT: Objective: The main objective of this study is to examine how effectively machine learning techniques
can be used to predict students’ academic performance and to identify suitable models for early detection of at-risk
learners.

Method: A comparative approach is adopted using a dataset that includes academic, behavioral, and background-
related factors. Four machine learning algorithms—Decision Tree, Random Forest, Support Vector Machine (SVM),
and Neural Network—are implemented. Their performance is evaluated using standard metrics such as accuracy,
precision, recall, and F1-score.

Findings: The results indicate that Decision Tree, Random Forest, and SVM models provide highly accurate and
consistent predictions for the given dataset. In contrast, the Neural Network model shows limited effectiveness, mainly
due to the small dataset size. The study also confirms that factors like attendance and study hours have a strong
influence on academic outcomes.

Novelty: This research offers a clear comparative understanding of multiple machine learning models within a simple
educational context. It highlights the importance of selecting models based on dataset size and characteristics,
providing practical insights for educators to adopt efficient, data-driven approaches for monitoring student
performance.

KEYWORDS: Machine Learning, Academic Performance Prediction, Educational Data Mining, Comparative Study,
Predictive Analytics

L. INTRODUCTION

Academic performance plays a crucial role in shaping a student’s educational journey and future opportunities. It
reflects not only the level of knowledge gained but also the effectiveness of teaching and learning processes. In recent
years, there has been growing interest in understanding the various factors that influence student achievement, as
educators aim to support learners more effectively [1]. Early identification of students who are likely to struggle
academically is especially important, as it allows timely intervention and the development of personalized learning
strategies [2].

Conventional methods used to assess academic performance, such as classroom observation, tests, and periodic
evaluations, provide valuable information but have certain limitations. These approaches often require significant time
and effort, and their outcomes may vary depending on subjective judgment. As educational environments become more
data-driven, relying solely on traditional techniques is no longer sufficient. There is an increasing demand for more
systematic, consistent, and scalable methods to evaluate and predict student outcomes [3].

IJMRSET © 2026 | AnISO 9001:2008 Certified Journal | 3383




©2026 IJIMRSET | Volume 9, Issue 3, March 2026 DOI:10.15680/IJMRSET.2026.0903177

IROVHPELYZPAREE | www.ijmrset.com | Impact Factor: 8.206] ESTD Year: 2018|

International Journal of Multidisciplinary Research in

% »'= . . .
“3': 1 Science, Engineering and Technology (IJMRSET)
llmnstf (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

. __________________________________________________________________________________|
Machine learning has emerged as a promising tool to address these challenges. It enables the processing of large
volumes of educational data and helps uncover hidden patterns that may not be easily recognized through manual
analysis. By utilizing features such as attendance records, study habits, and past academic performance, machine
learning models can generate meaningful predictions about students’ future achievements. These insights can assist
educators in making informed decisions and designing targeted support mechanisms [4].

In this study, a comparative analysis of several machine learning algorithms is carried out to predict students’ academic
performance. The models considered include Decision Tree, Random Forest, Support Vector Machine (SVM), and
Neural Network. Each of these techniques has unique characteristics, and their effectiveness may vary depending on
the nature and size of the dataset [5]. By evaluating their performance using standard metrics, this research aims to
determine which models are most suitable for educational data analysis [6].

Machine Learning | | Sﬁ&w ,
in Education Performance |
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Figure 1: Machine Learning in Education Analysis

The primary objectives of this work are to investigate how machine learning can be applied to academic prediction,
assess the performance of selected algorithms, and provide practical guidance for their implementation [7, §].
Additionally, the study highlights the importance of selecting appropriate models based on dataset properties, ensuring
accurate and reliable predictions in real-world educational settings [9].

II. LITERATURE SURVEY

In recent years, the use of machine learning in the field of education has gained significant attention, particularly for
predicting student academic performance. Researchers have increasingly focused on applying data-driven techniques to
better understand learning patterns and to support decision-making in educational environments. With the availability
of structured academic data, machine learning methods have become valuable tools for identifying trends and
forecasting student outcomes [10, 11].

Several studies have highlighted the importance of key factors such as attendance, study duration, and previous
academic records in influencing student success. Regular class participation is often associated with better
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understanding of course material, while consistent study habits contribute to improved performance [12]. Prior
achievements also serve as strong indicators of future results. As a result, these variables are frequently incorporated
into predictive models to enhance their accuracy and reliability [13, 14].

Among various machine learning techniques, Decision Trees have been widely adopted due to their simplicity and ease
of interpretation. They provide a clear representation of decision rules, making them particularly useful for educators
who may not have a technical background [15]. Similarly, Random Forest, an extension of Decision Trees, has been
recognized for its ability to improve prediction performance by combining multiple trees [16]. This ensemble approach
reduces the risk of overfitting and generally produces more stable and accurate results, especially when dealing with
structured datasets [17].

Support Vector Machines (SVM) have also been explored extensively for classification tasks related to academic
prediction. These models are effective in handling complex relationships within data and can deliver strong
performance when the appropriate kernel and parameters are selected. However, tuning an SVM model can require
careful experimentation, as its performance is sensitive to parameter choices [18].

Neural Networks represent another important category of machine learning models used in educational research. They
are capable of modeling intricate patterns and interactions among variables, making them suitable for complex datasets.
Despite their strengths, Neural Networks often require large amounts of data to perform well. When applied to smaller
datasets, they may not generalize effectively, leading to less reliable predictions compared to simpler models [19].

Overall, existing literature suggests that the performance of machine learning models varies depending on several
factors, including dataset size, feature selection, and preprocessing techniques. There is no single approach that
consistently outperforms others in all scenarios [20]. This reinforces the need for comparative analyses to identify the
most appropriate model for a given context. Studies like the present work contribute to this understanding by evaluating
multiple algorithms and offering practical insights for their application in real-world educational settings [21].

III. RESULTS AND DISCUSSION

The analysis was conducted using a dataset containing key student-related attributes such as attendance, study hours,
parental education, and test scores. These features were used to predict the final academic outcome (Pass/Fail).

Table 1: Student Academic Performance Dataset

! 85 15 Bachelor’s 78 82 Pass
2 90 10 High School 88 85 Pass
3 70 5 Middle School 65 60 Fail
4 95 20 Bachelor’s 92 89 Pass
> 60 8 High School 55 50 Fail

From Table 1, it is evident that students with higher attendance and more study hours tend to perform better in tests and
achieve a passing grade. In contrast, students with lower attendance and fewer study hours are more likely to fail. This
indicates a clear relationship between engagement and academic success. To evaluate model performance, four
machine learning algorithms were applied: Decision Tree, Random Forest, Support Vector Machine (SVM), and Neural
Network.
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Table 2: Model Performance Comparison

The results show that Decision Tree, Random Forest, and SVM achieved perfect accuracy in this case. Their precision,
recall, and F1-scores are also high, indicating consistent and reliable predictions. These models effectively captured the
relationship between input features and student outcomes. In contrast, the Neural Network model performed poorly,
with zero accuracy. This is mainly due to the small size of the dataset, which is not sufficient for training a neural
network. Unlike simpler models, neural networks require a larger amount of data to learn patterns effectively.

Model Performance Comparison
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Figure 2: Comparison of Model Accuracy

The figure clearly illustrates the differences in model performance. It shows that traditional machine learning models
outperform the Neural Network in this scenario. Overall, the findings suggest that simpler models are more suitable for
small datasets, while more complex models require larger datasets to perform well. This highlights the importance of
selecting models based on the nature of the data.

IV. CONCLUSION

This study explored the use of machine learning techniques to predict students’ academic performance through a
comparative analysis of four widely used models: Decision Tree, Random Forest, Support Vector Machine (SVM), and
Neural Network. The findings demonstrate that traditional machine learning approaches, particularly Decision Tree,
Random Forest, and SVM, are highly effective in generating accurate predictions when applied to small and well-
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structured datasets. These models were able to clearly capture the relationships between input features such as
attendance, study hours, and test scores, resulting in consistent and reliable outcomes.
In contrast, the Neural Network model did not perform well in this study. The primary reason for this limitation appears
to be the small size of the dataset, which is insufficient for training complex models that rely on large amounts of data
to learn meaningful patterns. This highlights an important consideration in educational data analysis: more advanced
models do not always guarantee better performance. Instead, the choice of algorithm must align with the nature and
volume of the available data.

Another key takeaway from this research is the significance of data quality and feature selection. The accuracy of
predictions depends not only on the model used but also on the relevance and reliability of the input variables. Features
such as attendance and study habits proved to be strong indicators of academic success, reinforcing the idea that
meaningful data can greatly enhance predictive performance. Additionally, proper evaluation using metrics like
accuracy, precision, recall, and Fl-score is essential to ensure that the selected model performs consistently across
different scenarios. The outcomes of this study suggest that machine learning can serve as a practical tool for
educators, enabling them to identify students who may require additional support at an early stage. By leveraging
predictive insights, educational institutions can design targeted interventions, improve student engagement, and
ultimately enhance overall academic outcomes.

For future work, it would be beneficial to extend this research by incorporating larger and more diverse datasets that
include students from different backgrounds and learning environments. Integrating additional factors, such as
behavioral patterns, emotional well-being, and digital learning activities, could further improve the accuracy and
applicability of predictive models. Such advancements would contribute to the development of more robust and
adaptive educational systems driven by data-informed decision-making.
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