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Abstract: Monitoring student performance is essential for improving academic outcomes and identifying 

areas where students may need extra support. In this research, we propose a predictive model that uses 

machine learning (ML) algorithms to analyze and track student performance based on historical academic 

records, attendance, class participation, and other relevant factors. The study applies various ML techniques, 

including decision trees, random forests, and support vector machines, to predict students’ future performance 

and provide useful insights for educators. By examining patterns and trends in the data, the model can identify 

students at risk of underperforming and suggest timely interventions to improve learning outcomes. The 

study's results show that ML-based models can accurately forecast academic performance, helping schools 

implement personalized learning strategies that fit individual student needs. Additionally, this approach aids in 

proactive educational planning, allowing teachers to use resources wisely and create targeted remedial 

programs. Overall, integrating AI-driven analytics into education has great potential to enhance student 

engagement, academic success, and overall institutional effectiveness, emphasizing the transformative role of 

technology in today’s learning environments. 
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1. INTRODUCTION: 

Monitoring student performance is an important part of education. It helps teachers spot learners who need 

extra help and makes sure students meet their academic goals. [1-2]Today, the amount of student data has 

grown a lot. This data includes grades, attendance, class participation, and other behavioral indicators [3-4]. 

Traditional ways of tracking student performance, like keeping manual records and doing periodic 

assessments, take a lot of time [5] [6]. They may also not give timely insights into students at risk of falling 

behind [7] [8-10]. This creates a need for systems that can analyze large sets of educational data and provide 

helpful predictions [11]. 

Machine learning (ML) offers a promising way to address this challenge [12]. It allows us to create predictive 

models that learn patterns from past data and predict future student outcomes [13-15]. Different ML 

algorithms, like decision trees, random forests, and support vector machines, have proven effective in 

educational data mining [16-19]. By using these methods, educators can predict academic performance and 

implement early interventions that fit individual student needs [20]. This can improve learning outcomes and 

enhance overall effectiveness in schools [21] [22]. 

This study aims to create a predictive model that effectively monitors student performance, identifies students 

at risk of underperforming, and gives useful insights to support personalized learning strategies [23] [24]. The 
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research looks at several factors, like past academic records, attendance trends, and classroom 

participation, to improve prediction accuracy [25][26]. 

This study is important because it shows how AI-driven analytics can change the traditional education system. 

It enables proactive and data-driven decision-making. By using machine learning in education, schools can 

boost student engagement, make better use of resources, and encourage academic success [19]. The results 

aim to provide a framework for schools and colleges to adopt tech-based monitoring systems that support 

ongoing improvements in student learning outcomes[20]. 

2. LITERATURE SURVEY: 

Dr. Ankita Karale and others (2022) [1] created a student performance prediction model using AI and ML 

algorithms such as Random Forest, ANN, and XGBoost. The system examined demographic and academic 

data to categorize students as either strong or weak.[2] Random Forest reached the highest accuracy of about 

80.29%. The study was effective for spotting weak students early but faced limitations due to small, 

unbalanced data and a limited number of algorithms. [3-4]Agostinho Sousa Pinto et al. (2023) [5] reviewed 

171 studies on how Machine Learning transforms higher education using algorithms like Random Forest, 

SVM, Naïve Bayes, and Neural Networks [27]. The study found that ML effectively predicts student 

performance, retention, and employability [28]. However, it was limited to open-access SCOPUS data and did 

not include research from recent studies or developing countries [29]. 

Ahmed Mueen et al. (2016) [8]used Naïve Bayes, Neural Network, and Decision Tree methods to predict 

student performance based on LMS and academic data. Naïve Bayes reached 86% accuracy. However, the 

study was limited to a small dataset from two courses and did not include broader validation. Dr. B. 

Muthusenthil et al. (2020) [9] used Linear Regression, Decision Tree, KNN, Logistic, and Lasso Regression 

to predict students' CGPA and placement, achieving 94% accuracy [30]. The model worked well but was 

limited to a small dataset from one college and did not undergo broader validation. Hatice Yildiz Durak 

(2025) [10] used machine learning-based learning analytics along with K-means clustering, lag sequential 

analysis, and Markov chain modeling to examine how feedback affects student engagement and performance 

[31]. The system improved behavioral and cognitive engagement, but it was limited by a small sample size 

and a single-course context [32]. 

Anneke Vrugt and Frans J. Oort (2008) [12] used path analysis to explore how achievement goals, 

metacognition, and study strategies impact academic success. Mastery goals enhanced metacognition and 

performance [33], but the study was only based on a single university sample with no wider validation [34].  

Cara J. Arizmendi et al. (2023) [14] reviewed the use of LMS digital logs and ML techniques such as Logistic 

Regression, Decision Trees, Random Forest, and Naïve Bayes to predict student success [35]. The study 

highlighted real-time insights, but it faced limitations in generalization, ethics, and its reliance on course-

specific data. Ijaz Khan et al. (2021) [16] used Decision Tree, k-NN, ANN, and Naïve Bayes algorithms to 

predict student performance. The Decision Tree method reached 86% accuracy. This model helped identify 

struggling students early, but it was based on a small dataset from a single course. [17]Khalid Alalawi et al. 

(2025) [18] introduced the SPPA framework.  

This framework combines ML algorithms, including Logistic Regression, SVM, Decision Tree, KNN, and 

Naïve Bayes, with teaching methods to predict at-risk students and support focused interventions. [18]It 

improved student outcomes but had limitations due to small-scale evaluation and reliance on course-specific 

data. Fan Ouyang and colleagues (2023) [19] used a Genetic Programming-based AI model along with 

Learning Analytics to predict performance and improve collaboration in an online engineering course [36]. 
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This method boosted engagement and results, but its effectiveness was limited by a small 

sample size and focus on just one course [37]. 

3. PROPOSED METHODOLOGY: 

This architecture shows a machine learning pipeline using student data. First, the data is pre-processed, and 

then it is split into training and testing sets. A regression machine learning algorithm is used on the training 

data to create a prediction model. The model is evaluated with the test data to check its performance. Finally, 

the results are presented for interpretation and decision-making. 

 

 

Figure 1: Architecture of Random Forest 

Data Preprocessing: 

The input dataset𝐷 = {(𝑥𝑖, 𝑦𝑖)}𝑖=1
𝑛  contains various student-related features along with a target performance 

label. First, we remove duplicate and irrelevant records to ensure the data is consistent [38]. To protect 

privacy, we eliminate all personally identifiable information. We address missing values by using imputation 

techniques: median for numerical features and mode for categorical attributes:𝑥𝑗 = {𝑀𝑒𝑑𝑖𝑎𝑛(𝑥𝑗), 𝑖𝑓 𝑛𝑢𝑚𝑒𝑟𝑖𝑐
𝑀𝑜𝑑𝑒(𝑥𝑗),𝑖𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑖𝑐𝑎𝑙

 

Outliers are found with the Z-score method: | 𝑧𝑖| =
𝑥𝑖 − 𝜇

𝜎⁄ > 3. Categorical features are turned into 

numerical form with one-hot encoding. Numerical attributes are adjusted using Min-Max scaling: 𝑥 ′ =
𝑥 − 𝑥𝑚𝑖𝑛

𝑥𝑚𝑎𝑥 − 𝑥𝑚𝑖𝑛
⁄ . 

Feature Engineering and Selection:  

Derived features include average assignment score, attendance percentage, total study hours, and interaction 

terms such as attendance multiplied by study hours [39]. These features are created to improve predictive  
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accuracy [40]. We perform feature selection using Recursive Feature Elimination (RFE). This method 

progressively removes less significant attributes to obtain an optimal subset, F∗. 

Model Development: 

The Random Forest (RF) algorithm is used because it offers high accuracy and is strong against overfitting. 

RF creates several decision trees from random subsets of the training data and then combines their results for 

the final prediction. For each tree  𝑇𝑏, a bootstrap sample 𝐷𝑏is drawn, and random features are selected for 

splitting.  

The best split is found using the Gini Index (for classification):   𝐺 = 1 − ∑ Pk
2K

k=1  . 

 Mean Squared Error (MSE) for regression: 𝑀𝑆𝐸 =  
1

𝑛
 ∑(𝑦𝑖 − 𝑦𝑖̂)

2(𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛). 

Model Evaluation: 

The trained model is tested on the test data with standard performance metrics. For classification problems, 

the following metrics are used: Accuracy, Precision, and ROC-AUC. 

𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑇𝑃+𝑇𝑁

𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁′
𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =

𝑇𝑃

𝑇𝑃+𝐹𝑃′
. 

Model performance is measured using Accuracy, Precision, Recall, F1-score, and ROC-AUC for 

classification. For regression, we look at RMSE and 𝑅2. Feature importance 

𝐼(𝑓𝑗) =
1

𝐵
∑ ∑ ∆𝑖𝑡(𝑓𝑗)

𝑡∈𝑇𝑏

𝐵

𝑏=1

is computed to identify key factors affecting student performance. 

4. RESULTS AND ANALYSIS: 

Figure 2 is a simple, clean scatter plot illustrating the model's accuracy in percentage terms. The single blue 

dot represents an accuracy value of approximately 67.44%. The plot is minimalistic, featuring a white 

background with light gray grid lines to enhance readability without clutter. The y-axis is labeled "Percentage 

(%)" to clarify the metric, and the x-axis is intentionally left blank, focusing attention solely on the accuracy 

value. The title, "Model Accuracy," is bold and centered at the top, emphasizing the plot’s purpose [41]. This 

style ensures clear communication of model performance in a professional and straightforward manner. 

Figure 3 visually represents the model’s precision, quantified at approximately 63.81%. The plot features a 

single prominent blue dot placed against a clean white background, emphasizing the precision metric. The y-

axis is clearly labeled as "Percentage (%)" to denote the measurement scale, with light gray grid lines 

providing subtle guidance for value estimation. The x-axis is deliberately left unmarked, maintaining focus on 

the precision value. Titled “Model Precision” in bold at the top, the plot conveys performance in a 

straightforward, uncluttered style, facilitating quick understanding of the model’s precision in classification 

tasks or predictions. 
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Figure 2:  Accuracy                              Figure 3:   Confusion Matrix                                       

  

5. CONCLUSION: 

The proposed system for monitoring student performance uses machine learning to analyze academic and 

behavioral data. It predicts and tracks student outcomes effectively. By applying regression-based predictive 

modeling, the system identifies key factors that influence performance, including study habits, attendance, and 

internal assessment scores. The evaluation metrics: precision and accuracy, show that the model performs with 

good reliability. 

This research shows that machine learning can significantly help in continuously monitoring student 

performance. It allows educators to make timely interventions and offer personalized support to improve 

learning outcomes. Future work can focus on incorporating real-time data and improved algorithms like 

Random Forest or Neural Networks to boost prediction accuracy and adaptability in different educational 

settings. 
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