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ABSTRACT 

Personalized learning is increasingly gaining importance in the field of educational technology, particularly 

among young learners who require interactive tools and personalized content based on their learning speeds. 

Most learning platforms currently available offer identical content to all learners irrespective of differences in 

their comprehension, attention, and revision capabilities. This paper introduces an innovative AI Tutor designed 

for students in classes 1 to 5 by integrating adaptive learning, quizzes, speech communication, and analytical 

features in one application. The system uses HTML, CSS, JavaScript, Firebase Authentication, Firebase Cloud 

Firestore, and web browser speech recognition technologies. The learning content includes topic-specific lessons 

related to alphabets, numbers, shapes, colors, animals, fruits, transport, and objects. Student participation is 

monitored based on quiz scores, progress level, errors made, pronunciation practice, and completion status of 

topics. The system recommends relevant next topics for learning, modifies the practice flow, and facilitates 

smooth learning progression based on user data. Experimental observations indicate enhanced engagement, 

efficient topic tracking, and valuable personalization suggestions for early learners. 

Keywords— Personalized learning, artificial intelligence, adaptive learning, educational technology, Firebase, 

speech recognition, recommendation system, AI tutor. 

INTRODUCTION  

The rapid growth of digital learning platforms has transformed the way students access educational content and 

interactive learning resources. However, many traditional e-learning systems still provide the same educational 

material to all students without considering individual learning capability, learning speed, or understanding level. 

This often reduces student engagement and limits personalized learning support for beginner-level learners. 

To address this problem, the proposed “Personalized AI Tutor” introduces an adaptive learning platform 

designed to provide personalized educational interaction for early learners. The system combines image-based 

learning, phonics modules, adaptive quizzes, learner analytics, Text-to-Speech interaction, and recommendation 

mechanisms within a single interactive educational environment. 

The platform continuously monitors student performance using quiz scores, topic mastery, educational progress, 

and weak-area analysis. Based on learner performance, the system dynamically recommends suitable learning 

activities and gradually unlocks new educational topics. This adaptive approach helps improve student 

engagement, topic understanding, and personalized learning support. 

The proposed system is developed using HTML, CSS, JavaScript, Firebase Authentication, Firebase Cloud 

Firestore, Chart.js, and browser-based speech technologies. Educational modules including alphabets, numbers, 

shapes, colors, animals, fruits, vehicles, objects, and phonics learning are integrated to support interactive 

educational learning for beginner-level students. 
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Overall, the Personalized AI Tutor provides an intelligent and scalable learning environment capable of 

improving adaptive learning support and interactive learning experiences using modern web technologies. 

LITERATURE SURVEY 

Recent advancements in Artificial Intelligence and adaptive learning technologies have significantly improved 

intelligent tutoring systems and personalized educational platforms. Modern AI-based educational systems use 

recommendation mechanisms, learner analytics, adaptive quizzes, and conversational interaction to improve 

student engagement and learning outcomes. Researchers have explored several intelligent educational 

approaches including personalized feedback systems, adaptive recommendation engines, speech-assisted 

learning, and conversational AI tutoring systems to support interactive and personalized learning environments. 

Kochmar et al. [1] proposed an intelligent tutoring system that improves student learning using automated 

personalized feedback mechanisms. The system dynamically adjusts feedback according to student performance 

and learning behavior. Their work demonstrated improved learner engagement and better educational outcomes. 

However, speech-assisted interaction for beginner-level learners was not included. 

Lin et al. [2] reviewed Artificial Intelligence-based intelligent tutoring systems designed for adaptive and 

sustainable education. Their study demonstrated how adaptive learning technologies improve learner 

engagement and personalized educational support. However, most systems focused mainly on theoretical 

analysis rather than real-time learner analytics and dashboard implementation. 

Adiguzel et al. [3] explored the impact of ChatGPT and Generative Artificial Intelligence technologies in modern 

education systems. Their work demonstrated that conversational AI improves learner interaction, accessibility, 

and personalized educational support. However, the study mainly focused on conversational tutoring and did not 

include adaptive topic unlocking, learner analytics, or quiz-based recommendation mechanisms. 

Contrino et al. [4] investigated adaptive learning tools and their impact on student performance and educational 

satisfaction. Their research demonstrated that adaptive learning techniques improve learner engagement and 

personalized educational experiences. However, the system did not include speech-assisted interaction or AI-

based adaptive quiz mechanisms for beginner-level learners. 

Sajja et al. [5] proposed an Artificial Intelligence-enabled intelligent assistant for personalized and adaptive 

learning environments. Their system integrated conversational AI, personalized recommendations, and learner 

analytics to improve educational interaction and student engagement. However, the study primarily focused on 

higher-level learners and did not include phonics-based learning or adaptive revision support for beginner-level 

students. 

TABLE 1. Comparison Of Related Works 

Paper / Study Year Technique Key Contributions 

Automated Personalized 

Feedback in Intelligent 

Tutoring Systems – E. 

Kochmar et al. [1] 

2020 
AI, Intelligent 

Tutoring System 

Improves learning outcomes using 

automated personalized feedback 

mechanisms 

AI in Intelligent Tutoring 

Systems for Sustainable 

Education – C.-C. Lin et al. [2] 

2023 
AI, Adaptive 

Learning 

Provides adaptive personalized learning for 

sustainable educational environments 

Revolutionizing Education 

with GPT  – T. Adiguzel et al. 

[3] 

2023 
Generative AI, 

Conversational AI 

Enhances learner interaction using AI-based 

conversational learning support 

Adaptive Learning Tool for 

Student Performance – M. F. 

Contrino et al. [4] 

2024 
Adaptive Learning, 

Learning analytics 

Dynamically improves student performance 

through adaptive learning recommendations 
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AI-Enabled Intelligent 

Assistant for Personalized 

Learning – R. Sajja et al. [5] 

2024 

AI 

Recommendation 

System, 

Conversational AI 

Provides personalized educational assistance 

and adaptive learning support 

Research Gaps 

Although existing intelligent tutoring systems support adaptive learning and conversational educational 

interaction, many platforms still lack integrated personalized learning support for beginner-level students. Most 

systems focus only on chatbot interaction, recommendation systems, or learner analytics independently rather 

than combining all features into a unified adaptive learning environment. 

Current educational platforms often lack real-time weak-area analysis, adaptive topic unlocking, learner 

analytics dashboards, speech-assisted interaction, and AI-based quiz recommendation mechanisms. Many 

systems are also designed mainly for higher-level students instead of early learners. 

Additionally, several existing platforms lack scalable cloud-based storage and real-time learner performance 

monitoring. Learning analytics such as topic mastery, learning consistency, weak-area tracking, and adaptive 

revision support are not effectively integrated into many current systems. 

Proposed Approach to Address The Research Gaps 

The proposed Personalized AI Tutor system addresses the identified research gaps by integrating adaptive 

learning, AI-based quizzes, learner analytics, recommendation mechanisms, speech-assisted interaction, and 

personalized learning support within a single platform. 

The system continuously monitors quiz performance, topic mastery, learning consistency, and weak learning 

areas. Based on learner performance, suitable revision activities and next learning topics are dynamically 

recommended. 

Speech-assisted interaction and Text-to-Speech technologies are integrated to improve learner engagement and 

pronunciation support for beginner-level students. Adaptive quizzes are generated according to topic progress 

and student understanding levels. 

Firebase Cloud Firestore is used for secure real-time storage of learner analytics, quiz results, recommendation 

history, and educational progress tracking. The platform also includes dashboard analytics and radar-chart-based 

learner performance visualization for monitoring educational growth and topic mastery. 

METHODOLOGY 

The proposed Personalized AI Tutor system follows an adaptive learning methodology designed for beginner-

level students. The platform combines personalized educational content, AI-based quiz evaluation, learner 

analytics, speech-assisted interaction, and adaptive recommendation techniques within a single interactive 

learning environment. 

The learning process begins when students log into the platform using Firebase Authentication. After 

authentication, the learner selects educational topics such as alphabets, numbers, phonics, shapes, colors, 

animals, fruits, vehicles, and objects. The system then provides image-based educational content with Text-to-

Speech assistance to improve learner understanding and interaction. 

Once learning activities are completed, the system generates adaptive quizzes related to the selected topic. Quiz 

scores, topic completion status, learning consistency, and weak-area analysis are continuously monitored and 

stored inside Firebase Cloud Firestore for learner analytics and recommendation generation. 
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The adaptive recommendation engine analyzes learner performance dynamically. If low scores or repeated 

mistakes are detected, the system recommends revision activities and additional practice questions for the same 

topic. 

The platform also integrates learner analytics dashboards and radar chart visualizations to monitor student 

performance, educational progress, topic mastery, and learning consistency. This adaptive learning approach 

improves personalized learning support and learner engagement for early-level students. 

System Architecture 

 

Fig.1. System Architecture 

The Personalized AI Tutor system follows a modular architecture consisting of authentication, learning, 

recommendation, quiz generation, learner analytics, and adaptive learning modules. The platform is developed 

using HTML, CSS, JavaScript, Firebase Authentication, Firebase Cloud Firestore, Chart.js, and browser-based 

speech technologies. 

The Authentication Module manages secure student login and registration using Firebase Authentication. After 

successful authentication, learners can access educational modules and personalized dashboards. 
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The Learning Module provides image-assisted educational content for topics including alphabets, numbers, 

phonics, colors, shapes, animals, fruits, vehicles, and objects. Text-to-Speech interaction is integrated to improve 

learner engagement and pronunciation support. 

The Quiz Module dynamically generates topic-based educational assessments according to student progress. 

Quiz performance is analyzed to identify weak learning areas and recommendation requirements. 

The Adaptive Recommendation Module continuously monitors quiz scores, educational progress, learning 

consistency, and repeated mistakes. Based on learner performance, the system generates personalized 

recommendations and unlocks suitable next learning topics dynamically. 

The Analytics Module visualizes student performance using radar charts, progress graphs, educational 

dashboards, and topic mastery analysis. Firebase Cloud Firestore stores learner performance records, quiz 

results, learning analytics, and recommendation history securely in real time. 

Student learning information is securely managed using authenticated user access control. The system stores 

only educational performance-related information such as quiz scores, learning progress, and learner analytics 

to maintain student privacy and secure educational data management. 

Educational Data Preprocessing 

Educational data preprocessing is performed to organize learner information, topic datasets, quiz records, and 

learning analytics before recommendation generation and learner analysis. 

Learning datasets including alphabets, numbers, phonics, colors, shapes, animals, fruits, vehicles, and objects 

are organized using JavaScript arrays and Firebase Cloud Firestore collections. Each learning item contains 

corresponding images, topic labels, and speech-assisted learning content. 

Student quiz records, topic completion status, weak-area analysis, learning streaks, and educational progress are 

continuously updated inside Firebase Cloud Firestore. Invalid records and duplicate quiz entries are removed to 

maintain data consistency and accurate learner analytics. 

The processed educational data is then used for adaptive recommendation generation, learner analytics 

visualization, topic mastery evaluation, and personalized learning support. 

Adaptive Learning and AI Models 

The Personalized AI Tutor system integrates adaptive learning mechanisms and AI-based learning support 

techniques to provide personalized learning experiences for beginner-level students. Student interactions, quiz 

performance, learning consistency, and topic mastery are continuously monitored to dynamically adjust 

educational activities and recommendation generation. 

The adaptive learning framework personalizes learning progression according to learner performance. Based on 

student responses and weak-area analysis, the system generates suitable revision activities, adaptive quizzes, and 

personalized learning recommendations to improve educational engagement and topic understanding. 

Adaptive Recommendation Engine 

The recommendation engine follows a rule-based adaptive learning strategy. Student quiz scores, topic 

completion status, educational progress, and weak-area analysis are continuously monitored by the system. 

If a student achieves good quiz performance, the next educational topic is automatically unlocked. If repeated 

mistakes or low scores are detected, the system recommends revision activities and additional practice questions 

for the same topic. 
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The adaptive learning workflow therefore helps students improve weak learning areas gradually while 

maintaining personalized learning progression according to individual learning capability. 

Pseudo Logic: 

IF quiz_score > 70% 

Unlock Next Topic 

ELSE 

Recommend Revision and Practice 

IF repeated mistakes detected 

Add Topic to Weak Area Practice 

Speech Recognition and Pronunciation Module 

The system integrates browser-based Text-to-Speech and speech-assisted interaction technologies to improve 

learner engagement and pronunciation support. Educational content is converted into speech output to help 

beginner-level students understand concepts through audio-assisted learning. Speech-assisted interaction also 

creates a more interactive learning environment and improves educational accessibility for children. 

AI Quiz Generation System 

The AI Quiz Generation System dynamically generates topic-based quiz questions using educational datasets 

stored in Firebase Cloud Firestore. Each quiz question contains question text, answer options, correct answers, 

topic labels, difficulty levels, and optional image-based support. 

The quiz system evaluates student responses continuously and adjusts quiz difficulty according to learner 

performance and topic understanding. Quiz results are stored inside Firebase Cloud Firestore and later used for 

recommendation generation, learner analytics, and weak-area identification. 

The adaptive quiz mechanism helps improve personalized educational assessment and supports gradual learning 

progression for beginner-level students. 

Personalized Learning Strategy 

The Personalized AI Tutor system follows a personalized learning strategy that dynamically adjusts learning 

progression according to student performance and learning behavior. 

Students receive topic-based educational content and adaptive quizzes according to their current learning level 

and topic mastery. Quiz performance, weak-area analysis, learning consistency, and educational progress are 

continuously monitored to generate personalized recommendations and revision activities. 

When students perform well in quizzes, the next learning topics are automatically unlocked. If repeated mistakes 

or low quiz scores are detected, the system recommends additional practice activities and revision modules for 

the same topic. 

This personalized learning approach improves learner engagement, reduces unnecessary repetition, and supports 

gradual learning progression according to individual learning capability. 

Performance Evaluation Metrics 

Several performance evaluation metrics are used to monitor learner progress and system effectiveness within the 

Personalized AI Tutor platform. 
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Quiz Accuracy measures the percentage of correct answers provided by students during topic-based assessments. 

Higher quiz accuracy indicates improved topic understanding and learning performance. 

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝐶𝑜𝑟𝑟𝑒𝑐𝑡 𝐴𝑛𝑠𝑤𝑒𝑟𝑠

𝑇𝑜𝑡𝑎𝑙 𝑄𝑢𝑒𝑠𝑡𝑖𝑜𝑛𝑠
× 100 

Topic Completion Rate tracks the percentage of educational modules completed by the learner. This helps 

monitor educational progress and learner engagement. 

Learning Streak measures the consistency of student participation across multiple learning sessions. Regular 

learning activity improves educational continuity and learner discipline. 

𝑃𝑟𝑜𝑔𝑟𝑒𝑠𝑠 =
𝐶𝑜𝑚𝑝𝑙𝑒𝑡𝑒𝑑 𝐼𝑡𝑒𝑚𝑠

𝑇𝑜𝑡𝑎𝑙 𝐼𝑡𝑒𝑚𝑠
× 100 

Weak-Area Analysis identifies topics where students repeatedly make mistakes or achieve lower quiz scores. 

Based on this analysis, the system recommends revision activities and additional practice exercises. 

These evaluation metrics help the adaptive recommendation engine generate personalized educational guidance 

and dynamically adjust the learning path according to student performance. 

RESULTS AND DISCUSSION 

The experimental results demonstrate improved learner engagement and adaptive learning performance using 

personalized educational interaction and recommendation mechanisms. The learner analytics dashboards and 

radar charts help monitor student performance, topic mastery, educational consistency, and weak learning areas 

dynamically. 

The adaptive recommendation mechanism improves personalized learning support by identifying weak learning 

areas and generating suitable revision activities according to learner performance. Students showing strong quiz 

performance were able to unlock new learning topics automatically, while weaker areas received additional 

practice activities and revision support. 

The integration of image-assisted learning, phonics interaction, Text-to-Speech assistance, and adaptive quizzes 

improved interactive educational engagement for beginner-level learners. The platform also demonstrated stable 

learner analytics tracking and real-time educational data management using Firebase Cloud Firestore. 

The adaptive learning mechanism aligns with Vygotsky’s Zone of Proximal Development (ZPD), where learners 

receive personalized educational guidance and progressive topic advancement according to their current learning 

capability and educational performance. 

Experimental Setup 

The Personalized AI Tutor system was implemented using HTML, CSS, JavaScript, Firebase Authentication, 

Firebase Cloud Firestore, Chart.js, and browser-based speech technologies. 

Educational datasets containing beginner-level learning topics such as alphabets, numbers, phonics, shapes, 

colors, animals, fruits, vehicles, and objects were integrated into the platform. Adaptive quizzes, learner 

analytics, recommendation mechanisms, and speech-assisted interaction modules were also implemented. 

Student quiz records, topic mastery, learning consistency, weak-area analysis, and educational progress were 

continuously stored and monitored using Firebase Cloud Firestore. Radar charts and educational dashboards 

were generated using Chart.js for learner analytics visualization. 
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System testing was performed across educational modules including adaptive quizzes, recommendation 

generation, phonics learning, dashboard analytics, and learner progress tracking. The results demonstrated stable 

adaptive learning performance and improved learner engagement. 

Student Learning Performance Analysis 

The Personalized AI Tutor dashboard continuously analyzes student learning activities and quiz performance to 

generate adaptive learner analytics and topic-wise educational evaluation. 

The dashboard displays learner progress, quiz accuracy, topic mastery, learning consistency, and weak-area 

analysis using radar charts and learning analytics graphs. Firebase Cloud Firestore is used to synchronize learner 

performance records and recommendation history in real time. 

The Topic Strength Radar chart shown in Fig.3 demonstrates student performance across educational modules 

including alphabets, numbers, shapes, colors, animals, fruits, vehicles, and objects. Higher scores indicate strong 

topic understanding, while lower scores identify weak learning areas requiring additional revision support. 

The adaptive recommendation engine dynamically identifies weak educational areas and recommends suitable 

revision activities and personalized practice modules according to student quiz performance and learning 

progress. 

 

Fig.2. Personalized AI Tutor Dashboard 

The Personalized AI Tutor dashboard provides real-time learner analytics using Firebase Cloud Firestore 

synchronization. Student progress, topic mastery, quiz accuracy, and learning consistency are continuously 

monitored and visualized using interactive dashboard analytics and radar charts. 
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Fig.3. Topic Strength Radar Analysis 

The Topic Strength Radar chart helps identify strong and weak learning areas across different educational 

modules. Based on learner performance and quiz accuracy, the adaptive recommendation engine generates 

personalized revision activities and additional practice support for weaker topics. 

AI Learning Profile Evaluation 

The AI Learning Profile Radar shown in Fig.4 visualizes student performance using adaptive learning analytics 

and quiz evaluation metrics. 

The radar chart analyzes quiz accuracy, learning progress, topic mastery, educational consistency, adaptive 

learning score, and learner engagement across multiple educational modules. The analytics help identify both 

strong and weak learning areas dynamically. 

The adaptive learning engine continuously updates learner profiles using Firebase Cloud Firestore and generates 

personalized educational recommendations according to student performance and learning consistency. 

The AI Learning Profile therefore helps monitor learner growth, adaptive learning progression, and topic-wise 

performance improvement in real time. 
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Fig.4. AI Learning Profile Radar 

Quiz Performance Evaluation 

 

Fig.5. Quiz Performance Improvement Graph 

The Quiz Performance Improvement Graph shown in Fig.5 illustrates student quiz performance across multiple 

adaptive learning sessions. 
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The graph demonstrates gradual improvement in quiz scores after personalized educational recommendations, 

adaptive revision activities, and practice-based learning support were introduced into the system. 

The adaptive quiz mechanism dynamically adjusts question difficulty according to learner performance and 

weak-area analysis. Students receiving personalized revision activities and additional practice modules 

demonstrated improved topic understanding and educational consistency over time. 

The experimental results indicate that adaptive quizzes and recommendation-based learning support improve 

learner engagement, quiz accuracy, and personalized learning progression. 

Comparative Educational Results 

TABLE 2. Student Performance Analysis 

Topic Accuracy Progress Mastery Status 

Alphabets 92% 100% High Completed 

Numbers 84% 88% High Recommended 

Shapes 76% 72% Medium Improving 

Colors 72% 70% Medium Recommended 

Animals 80% 78% High Completed 

Fruits 69% 66% Medium Practice 

Vehicles 60% 58% Low Weak 

Objects 66% 64% Medium Practice 

 

The results presented in Table II demonstrate that the proposed adaptive learning framework effectively 

identifies strong and weak learning areas while generating personalized recommendations according to student 

performance. The adaptive recommendation mechanism improves learner engagement, topic mastery, and 

learning consistency across multiple educational modules. 

DISCUSSION 

The experimental results demonstrate that the Personalized AI Tutor system improves learner engagement and 

adaptive learning support for beginner-level students. 

Students showed better performance in foundational topics such as alphabets, numbers, and shapes compared to 

more advanced learning modules requiring repeated revision and practice. The adaptive recommendation 

mechanism successfully identified weak learning areas and generated suitable revision activities according to 

learner performance. 

The integration of learner analytics dashboards, radar charts, adaptive quizzes, and speech-assisted interaction 

improved personalized learning support and topic mastery tracking. Firebase Cloud Firestore enabled secure 

real-time storage and synchronization of student records and recommendation history. 

The adaptive learning mechanism aligns with Vygotsky’s Zone of Proximal Development (ZPD), where learners 

receive personalized educational guidance and progressive topic advancement according to their current learning 

capability and educational performance. 

Overall, the proposed system demonstrated stable adaptive learning performance, personalized learning 

progression, and improved learner interaction using modern web technologies and adaptive recommendation 

techniques. 
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