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Abstract - India has a large student population, making it difficult to monitor and predict their performance. Each
educational institute has its own criteria for evaluating students, and there is no standard way of analyzing students’
performance. Moreover, existing systems do not take into account significant external factors.

The proposed system, EduMate Al, aims to analyze and predict students’ performance based on academic as well as non-
academic factors, including geographical location, parental education, health conditions, and stress levels. Machine learning
algorithms, Random Forest and XGBoost, are used to perform performance prediction and stress analysis.

The experimental results show that the inclusion of academic as well as non-academic factors enhances the accuracy of
performance prediction, thus emphasizing the importance of data-driven approaches to improve academic performance
monitoring systems.

KeyWords: Artificial Intelligence (AI), Machine Learning (ML), Student Performance Prediction, XGBoost,
Stress Detection.

1.INTRODUCTION

Education is a continuous and dynamic process, and identifying the academic strengths and weaknesses of students
at the earliest is crucial to improving their performance. In higher education institutions, improving the quality of
education is closely linked to the effective monitoring, analysis, and prediction of student performance.

The performance of students is affected not only by internal and external examination results but also by
various personal and environmental factors. Factors like geographical location, education level of parents, family
background, health, and stress levels are crucial in determining student performance. However, most existing
systems are limited to academic performance and overlook such significant external factors.

The project aims to develop an Al-powered academic assistant, EduMate Al, to assist in academic management
and student well-being. The proposed system will utilize facial recognition technology to enable efficient and
secured login and Optical Character Recognition (OCR) to extract marks and attendance (to be implemented in
the future). For prediction analysis, Random Forest and Extreme Gradient Boosting (XGBoost) are employed to
increase the accuracy of predicting student performance and stress levels due to their efficiency in handling
structured data. For the purpose of experimental analysis, data was collected from around 700 students from
the Information Technology department. The data set consists of both academic and non-academic data, which
akes it possible to analyze the performance and stress of students in a comprehensive manner.

The rest of this paper is divided into the following sections: Section II is dedicated to literature review, while
Section III covers methodology, and Section V covers the conclusion with future scope.

1.1 Objective

The objectives of this project are to design an intelligent system that is capable of predicting student performance
with high accuracy based on both academic and stress-related data.
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The objectives of this project are:
1. To collect data related to academic and stress parameters of students.
2. To pre-process and clean up the data for further machine learning.
3. To design Random Forest and XGBoost models for performance prediction.
4. To compare models and analyze their performance.

The overall aim of this project is to design a system that is useful in improving academic monitoring and
student stress in a reliable manner.

The proposed system aims to bridge the gap between performance analysis and stress detection by
incorporating both in a single intelligent system.

2. LITERATURE SURVEY

A comprehensive literature survey of recent literature reveals various approaches for monitoring student
performance and stress, mainly based on machine learning approaches. In previous studies, algorithms such
as Random Forest and XGBoost were implemented to classify student performance. Even though good
accuracy was obtained, manual input was required, and no automated process was implemented.

In another study based on stress prediction, research work was conducted utilizing smartphone sensor data
along with the I-HOPE framework to estimate mental health. Even though good accuracy was obtained in the
study, only behavioral patterns were considered. Moreover, academic performance variables were not included.
In another study, mental stress was considered, but only survey data was used. Even though good accuracy was
obtained in identifying stress levels, no relationship was established between stress levels and academic
performance.

Further research was conducted on detecting mental stress based on questionnaire-based data. Even though
good accuracy was obtained in the study, valuable insights were obtained about psychological conditions.

However, no relationship was established between academic performance and stress. This literature survey
reveals that two separate approaches were implemented: one for stress prediction and another for academic
performance analysis.

Other research, such as in [5], was conducted to predict academic performance based on demographic and
external variables using Logistic Regression methods. This research emphasized the significance of non-
academic factors in determining student performance. Nevertheless, this method was limited to general
performance classification, without taking into account any subject-specific or psychological analyses.

In another research, various supervised machine learning algorithms were tested using data from two years of
academic performance in the University of Basra. As per this research, Logistic Regression was found to have
an accuracy of 68.7% for passed students and 88.8% for failed students, as mentioned in [6].

In conclusion, from the literature review, it is evident that considerable research has been carried out in
predicting student performance and stress detection using various machine learning algorithms.

Nevertheless, most of this research is limited to individual analyses of both aspects, indicating a need for a
comprehensive system that considers both aspects simultaneously.

3. METHODOLOGY

The proposed system is based on a systematic approach to measure student performance and stress level by
applying various machine learning algorithms. The entire framework consists of data collection, preprocessing,
feature selection, model development, and performance comparison. Both academic and non-academic data are
considered to obtain precise and accurate predictions.
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3.1 Data Collection

For experimental purposes, data was collected from around 700 students of the Information Technology
department. Both academic and non-academic data are considered in this study, and both of them are included in
the dataset.

FIGURE I: SAMPLE DATASET

3.2 Data Preprocessing and Feature Selection

Once the data has been collected, preprocessing is done to take care of missing values and make the data suitable for
analysis. The appropriate operations such as data cleaning, normalization, and encoding are applied to the data.
Feature selection is

done using correlation analysis to determine the most significant features that impact student performance.Data
preprocessing is used for training the model and prediction.

3.3 Data Visualization

Data visualization is used for analyzing the relationship between various attributes in the dataset. Graphical
representations are used to determine the dependency between academic and non-academic factors. Categorical
data is converted into numerical form for analysis. Figures below represent examples of data visualization used
in this study.
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FIGURE II: STRESS LEVEL DISTRIBUTION
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FIGURE III: STRESS LEVEL PERCENTAGE

3.4 Classification and Prediction

Two supervised machine learning algorithms, Random Forest and Extreme Gradient Boosting (XGBoost),
are implemented for classification and prediction.

a)Random Forest Algorithm

The Random Forest algorithm is a supervised ensemble machine learning algorithm. It is mainly used for

classification and regression problems. It creates multiple decision trees and combines their results to make
predictions.

For this research, the Random Forest model has been implemented to classify students according to their
performance levels.

The performance levels include:

* High
* Medium
* Low

The use of this algorithm has reduced the problem of overfitting and improved the accuracy of the model.
It has achieved an accuracy level of 98%.

FIGURE IV: ACCURACY OF RANDOM FOREST MODEL
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b)XG Boost Algorithm

XG Boost, also known as Extreme Gradient Boosting, is another supervised ensemble machine learning
algorithm. It is considered one of the best algorithms for building decision trees. It creates decision trees
sequentially. Each decision tree in XGBoost tries to correct the errors made by the previous decision trees.

For this research, the XGBoost algorithm has been implemented to classify student performance and predict
stress. This algorithm has improved the accuracy of the model by minimizing the loss function. It has achieved
an accuracy level of 94%.

FIGURE V: ACCURACY OF XGB0oOST MODEL

4. RESULTS AND ANALYSIS

The performance of the proposed models has been evaluated using various parameters such as accuracy, recall,
and F1-score.

The comparison of the Random Forest and XGBoost models is as follows in

Table I. TABLE I: COMPARISON BETWEEN RANDOM FOREST AND XGBOOST MODELS

Criteria RF XGB Conclusion
Accuracy 98% 94% Random Forest slightly higher
Generalization Moderate High XGBoost performs better
Stress Recall 90% 96% XGBoost performs better
F1-Score 82-85% 88% XGBoost performs better
Feature Importance| Moderate Clear XGBoost provides clearer insights
Pattern Handling Good Very Good XGBoost handles complex patterns
better

As per the results in Table I, the accuracy of the Random Forest model is higher at 98%, whereas the accuracy
of the XGBoost model is 94%. However, the performance of the XGBoost model is higher in terms of recall
and F1l-score compared to the Random Forest model. This indicates that the XGBoost model has a higher
potential for critical situations such as high stress levels. Moreover, the generalization ability of the XGBoost
model is higher compared to the Random Forest model in handling complex situations. Therefore, even though
the accuracy of the XGBoost model is slightly lower compared to the Random Forest model, the XGBoost
model is more appropriate for real-time implementation. To further evaluate the classification performance of the
models, confusion matrix analysis is performed.
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FIGURE VI: CONFUSION MATRIX FOR RANDOM FOREST MODEL FOR STRESS PREDICTION
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FIGURE VII: CONFUSION MATRIX FOR XGB0OOST MODEL FOR STRESS PREDICTION

The confusion matrices of the two models are shown in Fig. VI and Fig. VII.

The confusion matrix of the Random Forest model indicates correct classification, but there are also
misclassifications in the identification of at-risk students. However, the XGBoost model indicates better
performance in classifying the students, with high true positive rates and fewer misclassifications.

This implies that XGBoost is better at detecting students at risk and dealing with complex data patterns.
5. FUTURE SCOPE
The future scope of the project includes the improvement of the intelligence and automation level of the system.

The XGBoost model can be trained with larger real-time data for better prediction accuracy and performance of the
system. Based on the predicted academic results and stress levels, the system can be extended to provide a study plan for
the student individually to improve their performance in the subjects in which they score low marks.

Moreover, the Optical Character Recognition technique can be implemented and integrated into the system for
automatic extraction of marks and attendance from the uploaded document.

The system can be extended with additional features such as dashboards and the ability to predict the stress levels of the
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student for a better academic support system.

Moreover, the system can be integrated with Learning Management Systems (LMS) for automatic
synchronizing of the academic data for a complete academic support system.

Advanced predictive models can be integrated into the system for prediction of academic performance for a longer
academic period and for the student individually for better academic support. These enhancements will transform
EduMate Al into a comprehensive intelligent academic ecosystem.

6. CONCLUSIONS

In this study, the researchers employed various machine learning methods to analyze and predict the performance of
students by utilizing structured data related to academics. The data was preprocessed and visualized, and two ensemble
learning methods, Random Forest and XGBoost, were implemented for classification purposes.

The experimental results revealed that Random Forest had higher accuracy at 98%, while XGBoost had an accuracy of
94%. However, it was also revealed that XGBoost had significant advantages in terms of generalization and
scalability, as well as the ability to handle complex data. Additionally, the model reduces the chances of
overfitting.

Hence, even though the accuracy of the XGBoost model was slightly lower, it can be considered to be more
appropriate for real-world applications due to its adaptability and consistency in all situations.

In general, the study revealed the effectiveness of ensemble learning methods in predicting student performance
and also emphasized the importance of incorporating various advanced machine learning models in data analysis
systems.
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