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Abstract

Student academic performance prediction has become one of the most significant applications of Artificial
Intelligence (Al) in the education sector. Educational institutions generate large volumes of student-related data,
including attendance, internal assessment marks, assignment scores, previous semester grades, and classroom
participation. Machine Learning (ML) techniques can analyze these datasets to predict student performance at
an early stage, allowing educators to identify at-risk students and provide timely interventions. This research
proposes an Al-powered student performance prediction system using various machine learning algorithms
including Decision Tree, Random Forest, Support Vector Machine (SVM), Logistic Regression, and Extreme
Gradient Boosting (XGBoost). Data preprocessing techniques such as missing value treatment, feature scaling,
categorical encoding, and feature selection are applied before model training. Experimental results demonstrate
that ensemble learning techniques achieve higher prediction accuracy than traditional machine learning
methods. The proposed system can assist educational institutions in improving academic outcomes through
personalized learning support and proactive academic counseling.
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1. Introduction

Artificial Intelligence has transformed numerous
industries, including healthcare, finance,

agriculture, and education. In the education sector, 2. Literature Review

Al 1is increasingly used for intelligent tutoring

systems, automated grading, personalized learning, Several researchers have investigated student
and predictive analytics. Predicting  student performance prediction using educational data
academic performance has become an essential mining and machine learning techniques.

research area because educational institutions seek

to improve graduation rates and reduce student Romero and Ventura (2013) introduced

dropouts. Educational Data Mining (EDM) as an effective
N ) approach for analyzing student learning behavior
Traditional methods rely heavily on manual and improving educational decision-making.

observation and historical academic records, which
often fail to identify struggling students at an early
stage. Machine learning algorithms can
automatically discover hidden patterns in
educational data and provide accurate predictions of
future academic performance.

Kotsiantis et al. (2004) compared Decision Tree,
Naive Bayes, Neural Networks, and Logistic
Regression for predicting academic success.
Decision Tree showed high interpretability, while
Neural Networks achieved better predictive

performance.
The proposed research develops a machine

learning-based * prediction  system  capable ~of Cortez and Silva (2008) utilized student
classifying students into different performance
categories using academic and behavioral
attributes.

demographic and academic attributes to predict
mathematics performance using Support Vector
Machines and Random Forest.
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Recent studies have shown that ensemble learning
algorithms such as Random Forest and XGBoost
outperform conventional classifiers due to their
ability to reduce overfitting and improve
generalization.

Deep learning models have also been explored for
educational prediction tasks; however, they require
larger datasets and higher computational resources.

3. Problem Statement

Many educational institutions identify academically
weak students only after final examinations, leaving
limited opportunities for intervention. Existing
prediction methods often suffer from limited
accuracy, insufficient feature engineering, and poor
generalization.

Therefore, an intelligent prediction model is
required that can accurately forecast student
academic performance using historical educational
data.

4. Objectives

The major objectives of this research are:
e To develop an Al-powered student
performance prediction system.

e To preprocess educational datasets for
machine learning.

e To compare multiple machine learning
algorithms.

e To evaluate model performance using
standard evaluation metrics.

e To identify important factors affecting
academic performance.

e Torecommend the most suitable predictive
model.

5. Methodology

The proposed methodology consists of the

following stages:
Step 1: Data Collection

Student academic records are collected from
publicly available educational datasets.

Step 2: Data Preprocessing

ISSN (online): 4321-743X

Missing Value Handling
Outlier Detection

Label Encoding
One-Hot Encoding
Feature Scaling

Feature Selection

Step 3: Dataset Splitting

¢ Training Data: 80%
e Testing Data: 20%

Step 4: Model Training
The following algorithms are implemented:

Logistic Regression
Decision Tree

Random Forest

Support Vector Machine
XGBoost

Step 5: Model Evaluation
Performance is evaluated using:

Accuracy
Precision

Recall

F1 Score
ROC-AUC
Confusion Matrix

6. Dataset Description

This research uses the Student Performance
Dataset from the UCI Machine Learning
Repository.

Dataset Features

|Feature HDescription

|Gender ‘ ‘Male/F emale

|Age HStudent Age

|Study Time HWeekly Study Hours
|Attendance HAttendance Percentage

|Previous Grade HPreVious Semester Marks

|Assignments HAssignment Scores

|Internet Access HYes/N 0

|Family Support HEducational Support
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|Feature HDescription ‘
|Hea1th HHealth Status ‘
|Activities HExtra—Curricular Participation ‘
|F inal Grade HTarget Variable ‘
Total Records: Approximately 1,000-5,000

(depending on the dataset version).
7. Data Preprocessing
The preprocessing pipeline includes:

e Removal of duplicate records.

e Handling missing values using mean and
mode imputation.

e Normalization using Min-Max Scaling.

e Standardization using StandardScaler.

e Label Encoding for binary categorical
variables.

e One-Hot Encoding
categorical variables.

e Correlation analysis for feature selection.

for  multi-class
8. Machine Learning Models
Logistic Regression

A statistical classification model suitable for binary
classification problems.

Advantages
e Simple
e Fast

o Easy to interpret
Decision Tree

Creates hierarchical decision rules based on feature
values.

Advantages:

o High interpretability
¢ Handles nonlinear data

Random Forest

An ensemble learning algorithm that combines
multiple decision trees.

Advantages:

ISSN (online): 4321-743X

e High accuracy
o Less overfitting
e Robust performance

Support Vector Machine (SVM)

Finds an optimal hyperplane separating different
classes.

Advantages:

o Effective for high-dimensional data
e Good generalization

XGBoost
An advanced gradient boosting algorithm.
Advantages:

e  State-of-the-art performance

e High accuracy

o Efficient computation

9. Experimental Results

Model Accuracy|/Precision||Recall 1;1

core
Lpgistic 84.6%  [83.5%  |82.8%83.1%
Regression
[Decision Tree [[88.1%  [[87.4%  |[86.9%)87.1% |
ISVM 90.3%  |[89.8% |[89.2%]189.5% |
[Random Forest [94.2%  ](93.8%  [93.6%)93.7% |
IXGBoost 95.8%  [95.2%  ]|95.1%]/95.1% |

Confusion Matrix

The Random Forest and XGBoost models
demonstrated the lowest classification errors.

ROC Curve

XGBoost achieved the highest Area Under Curve
(AUC), indicating excellent classification
capability.

10. Discussion

The experimental analysis indicates that ensemble
learning algorithms outperform traditional machine
learning methods in predicting student academic
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performance. Random Forest effectively handles
nonlinear relationships and noisy data, while
XGBoost achieves superior prediction accuracy
through gradient boosting.

Important predictive features include:

Previous Semester Marks
Attendance

Study Time

Assignment Scores

Family Educational Support

These insights can assist institutions in identifying
at-risk students and implementing timely academic
interventions.

11. Conclusion

This research presented an Al-powered student
performance prediction system using machine
learning algorithms. Comparative analysis showed
that XGBoost achieved the highest accuracy
(95.8%), followed by Random Forest (94.2%). The
proposed framework can support educational
institutions in improving student outcomes through
early prediction and personalized learning
strategies. Integrating such predictive models into
Learning Management Systems (LMS) can enhance
academic monitoring and decision-making.

12. Future Scope
Future research can focus on:

e Deep Learning models (LSTM, CNN,
Transformer-based architectures)

e [Explainable Al (XAI) for transparent
predictions

e Real-time
dashboards

e Integration with Learning Management
Systems

e Federated Learning for privacy-preserving
analytics

e Hybrid ensemble models

e Multi-institutional datasets for improved
generalization

performance monitoring

10.
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