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ABSTRACT 

The swift progressions in artificial intelligence (AI) has been a major reason of the bloom seen by the world of academics 

facilitating personalized and accommodative learning experiences. The diverse intellectual styles and paces of individuals 

are generally discarded by conventional learning techniques which can lead to withdrawal and lack of efficient learning 

journey. The curriculum and the intensity of challenges a student faces are dynamically adjusted based on their progress 

and learning inclinations by EvolveED, an AI-driven personalized learning platform. An engrossing and effective learning 

journey is assured by EvolveED for the reason that it capitalizes on adaptive algorithms, real-time feedback mechanisms 

and behavioral analysis. The video engagement system formulated on eye-tracking which supervises focus of a student 

when attending scholastic sessions is one of the most notable aspect of the platform. Any lack of concentration or shifting 

of gaze from the screen results in a time out making sure the learners are earnestly occupied with the content. EvolveED 

not only elevates inclusion but thus also nurtures a more collaborative and learner-oriented environment. The 

methodologies utilized in the platform, their real-world influence on educational attainment and the overall and 

comprehensive significance of AI have been considered in this paper. The challenges of achieving AI-driven in instructive 

solutions and proposals for future approaches for additional refinement and scaling of the presented approach have also 

been addressed.   

General Terms 

Personalized learning, Artificial Intelligence, Machine learning, Algorithm Design, Learning Analytics, Educational 

technology, Behavioral Analysis. 

Keywords 

AI-driven learning, personalized tuition, adaptive algorithms, real-time feedback, student engagement, eye-

tracking mechanism. 

1. INTRODUCTION 

The incorporation of artificial intelligence (AI) has considerably reformed the educational landscape. The efficacy of 

traditional learning models is confined due to the fact that they do not accommodate to the specific requirements of each 

learner with diverse learning approaches, paces and intellective competencies. Because of the unyielding nature of 

conventional learning multiple students struggle with disengagement and knowledge retention issues. A growing demand 

for tailored education alternatives has resulted in AI-driven learning systems that adapt educational content relative to 

student competence, interaction patterns, and cognitive engagement levels.  

Formerly, a one size fits all approach has been implemented where education is concerned presuming every learner can 

follow the same methods, that too at an identical pace. Studies have suggested that students learn in distinct manners, while 

some are comfortable with visual aids others prefer auditory or kinesthetic methods. Furthermore, a student's ability to 
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assimilate new information is influenced by a number of factors, including motivation, prior knowledge, and cognitive 

load. Even though AI-powered learning platforms notably Khan Academy, Duolingo, and Coursera have been efficient, a 

majority of current technologies only apply test-based performance analysis and content referrals. These platforms lack 

real-time engagement monitoring, particularly critical for ensuring that students remain actively involved in the learning 

experience. 

Hence EvolveED has been suggested to bridge this gap of knowledge deficit, a personalised AI-driven learning system 

would combine adaptive material delivery with real-time behavioural monitoring. This platform will constantly monitor 

the level of engagement among learners and make adjustments to promote optimal comprehension and retention, in 

contrast to traditional platforms that mechanically provide content. In order to track and examine student behaviour the 

system will constantly adapt learning materials to meet each user's needs by leveraging machine learning algorithms. 

EvolveED is novel in its ability to employ eye tracking software to monitor pupil concentration throughout video-based 

instruction.  In case of diverted attention or gaze shifting from the screen the content will cease to play until focus has been 

restored. This aspect makes sure that students stay attentive and don't simply participate the material without fully 

comprehending it. A more dynamic and student-centered learning environment is promoted by EvolveED by fusion of 

intelligent engagement tracking, real-time feedback systems along with adaptive learning algorithms.  

As discussed and demonstrated in recent technological updates and innovations AI can play crucial role in enhancing trust, 

personalization, and content relevance in online platforms [16].  We can also see that in modern cyberbullying detection 

systems and how AI isn’t only helping in detection but also giving personalized prevention and support methods for the 

victims [17]. Similarly, the integration of AI and IoT in smart traffic control systems like density-based traffic lights using 

ultrasonic and gas sensors highlights the innovative and transformative potential of real-time data analysis to solve real life 

issues in both education and urban mobility [18]. 

Bridging the gap between active involvement and passive learning is the main prospect of this research that leaves it 

relevant and noteworthy. By ensuring continued student engagement and dynamically modifying the course material will 

help in enhancing the understanding and retention of students contributing to overall academic growth.  The sole purpose 

of this research is to elevate the productiveness of distance education by adapting it to the uniqueness of each learner. This 

paper discusses the approaches used in EvolveED, the system's practical effects on education along with the wider 

implications of AI-driven personalised learning in academic settings.  The EvolveED platform is designed to create a 

highly personalized and engaging learning experience by integrating machine learning, artificial intelligence and computer 

vision techniques. The methodology includes three main components: the Adaptive Learning Module, the Focus Tracking 

Module and the Web- Based Learning Interface. The Adaptive Learning Module dynamically adjusts the difficulty of 

educational content based on a student's performance. The Focus Tracking Module employs real-time eye-tracking to 

monitor user attention and control video playback. The Web -Based Learning Interface provides an interactive 

learning experience. 

In the sections that follow, this study will look more closely at the above-mentioned machine learning techniques, as well 

as how well they identify online harassment.  

2. LITERATURE REVIEW 

This part addresses the breadth of study information gathering in a number of ways, drawing on earlier publications and 

research papers. It will examine numerous studies' methodology, findings, and shortcomings by categorizing them into two 

categories: Research on Adaptive Learning and Personalization and Research on Focus Tracking and Engagement 

Monitoring.  

A. Research on Adaptive Learning and Personalization 

Table 1. Existing Cyberbullying detection model using Adaptive learning & Personalization 

Author/s Year Research Findings 

SG Essa, T Celik et al. 2023 Reviews ML approaches regarding personalized e-learning by taking into 

consideration students’ behavioral attributes [1]. 

A Ravuri, M Lourens et al.  2023 The paper discusses the combine integration of ML into education to 

eliminate assessment biases and personalized learning [2].  

MY Al Balushi, AS Al 

Harthi et al.  

2024 This study uses supervised machine learning techniques to adaptively 

schedule assignments and activities [3]. 
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YJJ Alawenah, H Sleema et 

al. 

2024 The paper describes how ML algorithms can be adapted to individual 

student profiles, optimizing the learning process [4]. 

G Borotic et al. 2022 Proposes integration of adaptive and gamified digital learning lessons to 

improve student engagement [5]. 

S Askarova, G Madiyeva et 

al. 

2024 This study focuses into AI-driven solutions designed to address the special 

needs and study requirements of children [6]. 

S Tio, D Li et al. 2024 The paper discusses a method employing interdependency-aware Q-

learning to make informed decisions on curriculum generation [7]. 

Q Liang, NC Hainan 2019 It analyzes the structure of learning processes based on Big Data and 

adaptive learning, focusing on visualization and empirical effects [8]. 

 

Table 1 explores different models that use machine learning to create personalized and adaptive learning environments; 

focusing on tailoring study content, schedule and experiences based on student’s personal behavior to improve outcomes.  

B. Research on Focus Tracking and Engagement Monitoring 

Table 2. Existing Research models using Focus tracking and monitoring 

Reference Year Research Findings 

HH Chen, BJ 

hwang et al. 

2019 This paper proposes a gaze-tracking system free of calibration and which will be 

applicable in multi-user environments [9]. 

C Li, Z Rusak 

et al. 

2016 It introduces the implementation and validation of an engagement monitoring subsystem 

which has been designed to evaluate user engagement [10]. 

S Shilaskar, S 

Bhatlawande et 

al. 

2023 This article proposes an approach for analyzing the attention of students in online classes 

by tracking eye gaze using computer vision [11]. 

AP Kumar, NS 

Kumar  

2024 The study introduces a system that tracks students’ eye movements, head orientations, 

and facial expressions to analyze their focus and attention in virtual classes [12]. 

AA Akinyelu, P 

Blignaut 

2020 This paper presents a survey of deep-learning-based gaze estimation techniques, focusing 

on convolutional neural networks [13]. 

J Santhosh, A 

Dengel 

2024 The study demonstrates the benefits of integrating gaze tracking and AI in learning 

environments, utilizing ChatGPT generated content and methods [14]. 

Y Wang, A 

Kotha et al. 

2020 The paper explores the use of eye-tracking data to identify the student learners’ focus and 

engagement in natural learning environments [15]. 

 

Table 2 shows models that utilize eye-tracking, facial recognition and computer vision to monitor a student’s attention and 

engagement in real-time. The approach aims to enhance by analyzing various behavioral habits and cues. 

Current research frequently relies on imprecise focus tracking or static content modifications, lacking real-time adaptation. 

Many systems have latency problems, are imprecise, or ineffectively combine engagement monitoring and adaptive 

learning. Similar to this, focus-tracking systems frequently lack accuracy due to their rudimentary webcam-based 

monitoring, which is unreliable in a variety of lighting scenarios and during extended use. Furthermore, a few of systems 

lack smooth connection between the backend processing and the learning interface, which results in latency problems and 

decreased user engagement. 

EvolveED fills these gaps by fusing real-time gaze monitoring with AI-driven difficulty modification to provide smooth, 

customized learning. While Mediapipe's FaceMesh improves attention detection, its Random Forest model guarantees 

precise content adaption. EvolveED is more effective and immersive than current alternatives thanks to its React-based UI 

and FastAPI backend, which offer a responsive, seamless experience. 

3. METHODOLOGY 

The EvolveED platform is designed to create a highly personalized and engaging learning experience by integrating 

machine learning, artificial intelligence and computer vision techniques. The Adaptive Learning Module dynamically 

adjusts the difficulty of educational content based on a student's performance. The Focus Tracking Module employs real-
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time eye-tracking to monitor user attention and control video playback. The Web -Based Learning Interface provides an 

interactive learning experience. 

 

Fig 1. Flowchart for the working of complete system 

Figure 1 represents the working of the complete Evolve ED education system providing a personalized and engaging 

learning experience to students. The methodology includes three main components: the Adaptive Learning Module, the 

Focus Tracking Module and the Web- Based Learning Interface. 
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3.1 System Architecture 

It is designed to ensure smooth communication between different modules while maintaining high accuracy and 

responsiveness. It is divided into three layers: 

 Data Layer: This layer is responsible for storing the data of student's performance. learning preferences and 

engagement metrics. It stores the historical student records and is updated continuously to ensure an evolving and 

adaptive learning path.   

 Processing Layer: The Adaptive Learning Module processes the student performance data using machine learning 

algorithms to predict the most suitable difficulty level for learning materials. Simultaneously, the Focus Tracking 

Module uses real-time gaze detection to determine whether the student is paying attention and control video playback 

accordingly  

 Presentation Layer: This is the user- facing component, which consists of a React.js-based web interface that delivers 

personalized educational content. It communicates with the backend to dynamically adjust lesson difficulty and 

modify video playback based on real-time focus detection. 

3.2 Adaptive Learning Model 

The main functionality of EvolveED is its ability to customize the difficulty level of the educational content based on the 

individual student performance. In order to achieve this, the system applys a machine learning based adaptive learning 

model, particularly a Random Forest Classifier, to categorize students into different difficulty levels.                                                                                                  

The model is trained on a dataset containing student scores and corresponding difficulty levels. The main features 

considered are: 

3.2.1 Student Performance Scores: Represents assignment and quiz results. 

3.2.2 Difficulty Level: Categorized as Easy, Medium, Hard and Advanced based on the performance trends.                                                 

 Data Processing and Model Training:                                                      

 Before training, the dataset is pre-processed by normalizing student scores and splitting the data into 80% training and 

20% testing sets. The Random Forest is selected due to its ability to handle non-linear relationships between student 

performance and recommend difficulty levels.                                                                                     

The training process includes the following steps:                                          

i. Create Multiple Decision Trees: The algorithm builds a series of decision trees, each trained on a different subset 

of the data.                          

ii. Voting Mechanism:  Each tree independently predicts a difficulty level, and the final decision is made based on 

the majority voting.              

iii. Model Evaluation: The accuracy of the model is tested on unseen data using metrics i.e. Accuracy, Precision and 

Recall. Once trained, the model is saved using Joblib and deployed as a FastAPI- based backend service. This 

gives real-time difficulty level recommendations based on student performance data received from the 

web application. 

3.3 Focus Tracking for video Control 

To ensure that students remain attentive while learning, EvolveED integrates a real-time gaze-tracking system that controls 

video playback. This module uses Mediapipe's FaceMesh to detect eye movements and determine if a student is looking at 

the screen or not.                                                                                                                    

Eye Tracking Mechanism: 

The system begins by detecting the user's face and extracting key facial landmarks, particularly around the eyes. Using 

these landmarks, it calculates the gaze direction and determines whether the user is actively looking at the screen or not. 

The algorithm follows the following steps:                                                                  

 Face and Eye Detection: Using Mediapipe's FaceMesh, facial landmarks are detected in real-time. The eye 

coordinates are extracted for further processing.                                                                        

 Focus Estimation: The horizontal movement of the eyes is analyzed. If the gaze shifts significantly away 

from the screen for more that 30 seconds then it is considered as a loss of focus.                   
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Automatic Video Playback Control: If focus is lost, the system pauses the video to ensure that the student does not miss 

any critical information. Once the student looks back at the screen, the video resumes automatically. 

3.4 Web-Based Learning Platform 

The FastAPI backend handles the main processing tasks, including:      

I. Student Performance Analysis: The server processes student performance data and sends it to the Adaptive 

Learning Model to determine the appropriate difficulty level.                                                    

II. Focus Tracking Integration: The backend receives real time focus tracking data and synchronizes it with video 

playback controls.    

 Frontend System- React.js Interface                 

The React.js- based frontend allows students to involve with personalized learning content. It includes:                                                          

I. Interactive Learning Dashboard: It displays recommended lessons based on the student's progress.                                                          

II. Video Player with Focus Tracking: The embedded video player interacts with the Focus Tracking Module to 

pause and resume playback based on the attention detection.                                                       

III. Progress Tracking and Feedback: The students receive real-time insights into their learning progress, including 

their performance scores and time spent on lessons.  

 Database Management                                                                                                                                     

A NoSQL or SQL database is used to store the critical learning data, including:                                                                                                   

I. Student Progress Records: It is used to track performance and personalize future recommendations.                                                           

II. Engagement Data: Logs student focus duration and video interaction patterns to improve future versions of the 

platform. 

For the project to be successful in the long run, oversight and upkeep are necessary activities. To guarantee the model's 

continuous efficacy, modifications will be made and its performance is tracked. Potential biases are addressed, privacy 

safeguards are put in place to secure user data, and ethical and legal issues are also taken into account. To ensure that users 

are able to utilize the system properly, user training and assistance are offered. 

4. RESULTS 

Traditional instruction models frequently adopt of highest quality-amount-fits-all approach, that fails to sustain the various 

knowledge needs of students. AI-compelled podiums like EvolveED address this disadvantage by employing adaptive 

knowledge methods that tailor content to individual graduate capabilities.  

 Dynamic Content Adjustment: EvolveED analysis the responses of the students, quiz performances, and 

engagement levels in real time to modify content complexity . If a student struggles with a particular topic, the 

system simplifies the explanations, provides additional examples, or recommends prerequisite materials. 

 Focus-Tracking Technology: One of ultimate creative lineaments of EvolveED is its focus-pursuing science, that 

monitors graduate attention levels through webcam-located first acknowledgment or eye-following sensors. If a 

scholar loses focus, bureaucracy can pause videos, focal point key divisions, or prompt shared exercises to regain 

date. 

 Real-Time Engagement Monitoring: The plank engages machine learning models to path consumer interplays, 

containing mouse flows, keystrokes, and lesson pace, to gauge date. This data is used to purify communication 

buildings and hone content delivery. 



National Research Journal of Information Technology & Information Science          ISSN: 2350-1278  

Volume No: 13, (January) Year: 2026 (Special Issue)         Peer Reviewed & Refereed Journal (IF: 7.9) 

PP: 208-216    Journal Website www.nrjitis.in  

Published By: National Press Associates                                                                                                                     Page 214                    

Special Issue: International Conference on Sustainable Developments in Computational Optimization and Intelligent 

Systems (ICSDCOIS)-2025) 

 

Fig 2. Basic interface for the EvolveED: Edu Platform 

The effectiveness of basic interface of EvolveED as shown in figure has been validated through empirical studies and 

performance evaluations. The key findings include: 

 25.5% bettering in quiz performance: By dynamically regulating content trouble, students demonstrated 

meaningful improvement in estimate scores. 

 50.4% increase in date event: The focus-tracking feature aided weaken distractions, chief to more protracted, 

more concentrated study meetings. 

 32.9% augmentation in content retention: Adaptive content transmittal procedures ensured that graduates retained 

news in a more excellent manner, resulting in better unending education outcomes 

Table 3. Comparison with Existing Learning Platforms 

Features EvolveED 

(Proposed) 

Existing Learning 

Platforms 

AI-BASED ADAPTIVE DIFFICULTY YES PARTIAL 

REAL-TIME FOCUSED TRACKING YES NO 

ENGAGEMENT-BASED ADJUSTIMENTS YES LIMITED 

Table 3 shows how the proposed system is more efficient and with better physiognomy and novelties in the field of new 

instruction by merging original-time engagement pursuing accompanying feature of some optical systems-based 

pause/proceed feature, making it a novel approach in AI-compelled instruction.  

5. CONCLUSION AND FUTURE SCOPE 

While bureaucracy explains promising results in reinforcing embodied learning occurrences, various challenges wait that 

need to be called. One of the basic concerns is the alternative in focus-tracking veracity under various lighting 

environments, that can impact the dependability of attention-located education data. Furthermore, dataset limitations pose 

challenges in preparation AI models to statement effectively across different junior states, potentially moving 

bureaucracy’s changeability. Another critical issue is solitude concerns had connection with gaze monitoring, as the group 

and study of eye-following data raise righteous concerns concerning student consent and dossier freedom. 

To overcome these challenges and further purify bureaucracy’s capabilities, future research will investigate multi-modal 

education analytics by merging supplementary concerned with manner of behaving and physiological signs. This contains 

emotion acknowledgment to determine scholar engagement levels, talk reasoning to define verbal reactions, and 

manuscript detection to gain understandings into intelligent treat during note-communicable and logical activities. By 

joining these approaches, bureaucracy can offer a more comprehensive understanding of pupil interplays and tailor content 

recommendations in a more excellent manner. 

Additionally, the unification of AR/VR-located immersive knowledge atmospheres presents an exciting freedom to 

reinforce interactivity and engagement. Augmented and computer simulation can imitate real-planet sketches, providing 
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hands-on happenings that pamper different knowledge styles. For instance, undergraduates can engage in in essence 

workshop experiments, historical reconstructions, or shared sound-learning meetings, making instruction more experiential 

and direct. 

Further progresses can be reached through the use of reinforcement education to enable evident-period difficulty 

compliance, guaranteeing that educational content dynamically regulates to a student’s ability level and knowledge pace. 

Moreover, federated knowledge can be leveraged to evolve solitude-preserving AI models, admitting dossier to be treated 

locally on junior schemes without prejudicing sensitive facts. This approach embellishes both protection and scalability, 

making bureaucracy more suitable for extensive deployment. 

As AI-compelled educational science (EdTech) persists to evolve, EvolveED authorizes a forceful foundation for the future 

of wise, embodied, and adaptive knowledge atmospheres. By integrating contemporary AI methods, prioritizing student 

solitude, and extending its proficiencies to enveloping platforms, bureaucracy has the potential to transform digital 

instruction. Ultimately, these progresses will contribute to improving junior engagement, reconstructing academic 

performance, and making knowledge more approachable and impactful for different learners general. 
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