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ABSTRACT: Predicting student performance is essential for improving educational outcomes and supporting at-risk
learners. This study introduces a smart machine learning-based system that analyzes academic, behavioral, and
demographic data to forecast whether students are likely to pass or fail. By leveraging features such as attendance,
grades, participation, and assignment records, the model identifies performance patterns with high accuracy.In addition
to prediction, the system integrates a recommendation engine that suggests personalized interventions. These may
include supplementary learning resources, study strategies, or academic support tailored to each student’s specific
needs. The goal is to enable educators to make proactive, data-driven decisions that enhance learning outcomes and
reduce dropout rates.

This dual-purpose system not only identifies students at risk but also offers actionable solutions to improve their
academic performance. By combining predictive analytics with personalized recommendations, the platform fosters a
more responsive, student-centered approach to education.

KEYWORDS: Student Performance Prediction, Educational Data Mining (OULAD), Predictive Modeling,
Recommendation System, Machine Learning,At-Risk Students.

L. INTRODUCTION

The growing complexity of educational environments has intensified the need for intelligent systems that can assist in
enhancing student outcomes. With increasing class sizes, diverse student backgrounds, and varied learning paces,
educators often face challenges in identifying students who are at risk of academic failure. Traditional methods of
monitoring student performance are often reactive and may not provide timely insights needed for effective
intervention. This calls for proactive, data-driven approaches that leverage modern technologies to support decision-
making in education.

Machine learning has emerged as a powerful tool for educational data mining, capable of analyzing large and diverse
datasets to uncover hidden patterns and trends. By utilizing data such as attendance, grades, assignment submissions,
and engagement metrics, machine learning models can accurately predict whether a student is likely to pass or fail.
Such predictive systems allow educators to intervene early, providing the support needed before students reach a
critical point of disengagement or failure.
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To further enhance the impact of prediction models, this project incorporates a recommendation system that offers
personalized learning strategies and resources based on each student's unique academic profile. These
recommendations may include targeted reading materials, tutoring opportunities, or study habit improvements—
helping students address specific weaknesses and enhance their performance.

The integration of performance prediction with a recommendation engine creates a comprehensive, intelligent support
framework for both students and educators. This approach not only helps identify academic risk early but also
empowers learners with actionable insights to improve their outcomes, ultimately contributing to a more adaptive,
inclusive, and effective educational system.

II. LITERATURE SURVEY

The use of machine learning in education has gained significant traction, particularly for predicting student
performance and enabling early intervention. Romero and Ventura (2007) pioneered educational data mining (EDM),
demonstrating how learning management system data can be used to identify learning patterns. Traditional models like
Decision Trees, Naive Bayes, and Support Vector Machines have been effectively applied to academic data such as
grades, attendance, and assessments (Kotsiantis et al., 2010).Recent studies have expanded these models by including
behavioral and engagement metrics, resulting in improved prediction accuracy (Al-Barrak & Al-Razgan, 2016). Deep
learning techniques, such as Recurrent Neural Networks, have also been used to model time-dependent student
behavior (Piech et al., 2015).

While many works focus on prediction, fewer integrate systems that suggest actionable support. Thai-Nghe et al.
(2010) proposed combining prediction with recommendation systems to guide students toward appropriate learning
resources. Similarly, Papamitsiou and Economides (2014) emphasized the importance of adaptive learning analytics
that not only predict outcomes but respond with personalized interventions.This project builds upon such research by
integrating a machine learning-based performance prediction model with a recommendation system, aiming to provide
timely, personalized academic support and foster improved educational outcomes.

1. METHODOLOGY

This project adopts a structured approach that combines machine learning for performance prediction with a
recommendation system for personalized academic support. The first step involves data collection from sources like
OULAD(Open University Learning Analytics Dataset). Key data features include attendance, assignment scores, quiz
and exam results, VLE participation, and demographic details. Once gathered, the data undergoes preprocessing, where
missing values are handled, categorical variables are encoded, and normalization is applied to ensure consistency and
readiness for model training.Following this, feature selection techniques are employed to identify the most influential
factors affecting student performance. These selected features are then used to train multiple supervised machine
learning models, such as Decision Trees, Logistic Regression, and Gradient Boosting. The models are evaluated using
cross-validation and performance metrics like accuracy, precision, recall, and F1-score to determine the most effective
predictor.

After prediction, a recommendation system is integrated to provide personalized academic interventions. Based on the
prediction outcome and a student's specific weaknesses, the system suggests targeted learning resources, study
materials, or tutoring opportunities. Finally, the entire system is deployed in a user-friendly interface that allows
educators to monitor performance predictions and implement recommended strategies, ensuring timely support for at-
risk students.
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IV. EXPERIMENTAL RESULTS

Here is the Userlnterface of the Webpage having Prediction and Reccomendation system.

Enter Basic Info :-

Enter Cl

Enter Other Info :-

Learning Path Recommendation

Enter Student ID:

(2)

Fig. 2. After Entering the given details of the student the system will predict the student is in high Risk or not,Image (b)
shows the No Risk students and Image (c) shows the High risk students.

Enter Basic Info :-

Enter Clicks Info :-

(b)

Enter Basic Info :- ==

Enter Other Info :-

Output :
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Fig. 3 Once you enter the students Id which is already in the dataset the recommendation system shows which study
approach is best for the student, image(d)&(e) is the results from Recommendation system.

Learning Path Recommendation Learning Path Recommendation

Enter Student ID:
2 248103
Enter Student ID: o0

(d) (e

V. CONCLUSION

This project demonstrates the potential of combining machine learning and recommendation systems to enhance
educational outcomes. By analyzing academic and VLE data, the system accurately predicts whether a student is likely
to pass or fail. More importantly, it goes beyond prediction by offering personalized recommendations tailored to each
student’s specific needs, such as learning materials or study strategies. This dual approach enables educators to make
proactive, informed decisions, allowing timely interventions that can improve performance and reduce dropout rates.
Overall, the system supports a more responsive and student-centered learning environment, promoting academic
success through data-driven insights and personalized support.
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