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ABSTRACT: Education has undergone a transformative shift with the integration of advanced technologies, yet
significant challenges persist in ensuring accessibility and personalized learning, particularly for students from diverse
linguistic and cultural backgrounds. This research introduces an Adaptive Multilingual Peer Tutoring Platform
enhanced with Al-powered Text-to-Speech (TTS) technology, designed to address these challenges by fostering an
inclusive and adaptive learning environment. The platform dynamically pairs students based on their skill levels,
learning preferences, and language proficiencies, while providing Al-generated explanatory content in multiple
languages to bridge communication gaps. By leveraging cutting-edge machine learning algorithms such as RAKW for
skill assessment, Sumy for content summarization, M2M100 transformer for multilingual translation, and gTTS for
speech synthesis, the system delivers a highly personalized and interactive learning experience. The platform’s adaptive
capabilities ensure that students receive tailored support, enabling them to learn at their own pace and in their preferred
language. This approach not only enhances comprehension and retention but also promotes peer-to-peer collaboration,
fostering a sense of community among learners. Additionally, the integration of Al-powered TTS technology ensures
that educational content is accessible to students with varying literacy levels or visual impairments, further
democratizing access to quality education. Preliminary evaluations of the platform demonstrate its potential to
significantly improve learning outcomes by providing flexible, inclusive, and engaging educational experiences. The
system’s ability to adapt to individual learning needs while supporting multilingual communication positions it as a
powerful tool for addressing the diverse needs of modern learners. This research contributes to the growing body of
work on Al-driven educational technologies, offering a scalable solution to enhance global education equity and
accessibility. Future work will focus on expanding the platform’s language capabilities, refining its adaptive algorithms,
and conducting large-scale trials to further validate its effectiveness across different educational contexts.

KEYWORDS: Adaptive Learning, Peer Tutoring, Machine Learning, Text-to-Speech, Multilingual Education, Al in
Education.

L. INTRODUCTION

Education is crucial for developing both intellectual and social skills in individuals, serving as a cornerstone for
personal and professional development. However, traditional learning methods often struggle to accommodate the
diverse linguistic, cultural, and cognitive needs of students worldwide. The lack of accessibility, persistent language
barriers, and the absence of personalized content delivery are significant challenges in conventional educational
systems. These limitations disproportionately affect students from non-native language backgrounds, those with
learning disabilities, or those in underserved regions, hindering their ability to achieve their full potential. To address
these challenges, adaptive learning systems powered by artificial intelligence (Al) have emerged as a transformative
solution in modern education. These systems leverage advanced technologies to create personalized, inclusive, and
scalable learning environments that cater to the unique needs of each student.

Among these innovations, the Adaptive Multilingual Peer Tutoring with AI-Powered Text-to-Speech system stands
out as a ground breaking approach to overcoming the limitations of traditional and even contemporary e-learning
platforms. Unlike conventional e-learning systems that rely heavily on real-time communication or peer-matching
techniques, this system introduces a novel framework that emphasizes Al-driven content personalization and
multilingual accessibility. By integrating advanced machine learning (ML) techniques and natural language processing
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(NLP), the platform provides students with tailored learning experiences that transcend language barriers and cognitive
differences. The system is designed to support students by converting uploaded educational materials, such as
PowerPoint presentations (PPTs), PDFs, or text documents, into structured, easy-to-understand content.

The system’s workflow begins with the automatic extraction of key points from uploaded documents using RAKW
for keyword extraction and Sumy for content summarization. These summarized insights are then translated into
multiple languages using the M2M100 transformer, a state-of-the-art multilingual translation model. To further enhance
accessibility, the translated text is converted into speech using gTTS (Google Text-to-Speech), catering to students who
prefer auditory learning or those with visual impairments. This seamless integration of summarization, translation, and
speech synthesis ensures that students receive high-quality, personalized educational content in their preferred language
and format.

One of the system’s most significant advantages is its ability to reduce dependency on live tutors, making quality
education more accessible and scalable. By automating the creation of multilingual and multimodal learning materials,
the platform empowers students to learn at their own pace, in their preferred language, and through their preferred
medium. Additionally, the system’s user-friendly interface and secure database (SQLite) ensure a seamless and secure
user experience, making it suitable for deployment in diverse educational settings, from schools and universities to
corporate training programs. The Adaptive Multilingual Peer Tutoring with AI-Powered Text-to-Speech system
represents a significant step forward in the evolution of educational technology. By addressing critical challenges such
as language barriers, accessibility, and personalization, the platform has the potential to democratize education and
bridge the gap between learners from diverse backgrounds.

This research not only highlights the technical advancements achieved through the integration of Al and ML but also
underscores the importance of creating inclusive and equitable learning environments in an increasingly globalized
world. Future developments of the platform will focus on expanding its language capabilities, refining its adaptive
algorithms, and incorporating additional features such as real-time feedback and progress tracking. By continuously
evolving to meet the needs of modern learners, this system aims to set a new standard for Al-driven educational
technologies, paving the way for a more inclusive and accessible future for education worldwide.
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Figure: 1 Literature Review
II. LITERATURE REVIEW

Various studies have highlighted the significance of adaptive learning technologies in providing personalized
educational experiences. Existing multilingual education platforms often lack automated content generation and
accessibility for non-native speakers. Recent advancements in Al, particularly in Natural Language Processing (NLP)
and Text-to-Speech (TTS), have enabled the development of interactive and accessible learning environments.

2.1 Al in Adaptive Learning: Several research studies emphasize how artificial intelligence enables personalized
learning experiences by analyzing student interactions and tailoring educational content accordingly. Al-driven adaptive
learning systems have shown a significant improvement in student engagement and knowledge retention.

IJMRSET © 2025 | AnISO 9001:2008 Certified Journal | 1898




©2025 IJMRSET | Volume 8, Issue 3, March 2025] DOI:10.15680/IJMRSET.2025.0803087

IMOVEY 7 2P RN | www.ijmrset.com | Impact Factor: 8.206] ESTD Year: 2018|

- ) -’..-(;’4?\ - - - - - -
fﬁ!ﬂ;?‘%’ International Journal of Multidisciplinary Research in
S5 TR E o . . S
J?M& Science, Engineering and Technology (IJMRSET)
IIMBSET (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

2.2 Machine Learning for Content Summarization: Techniques such as extractive and abstractive summarization
have been widely used to generate concise and informative summaries. The Sumy library is one such tool that applies
NLP-based algorithms to extract key points from textual content, enhancing readability and comprehension.

2.3 Multilingual Education and NLP: The M2M100 Transformer, a recent breakthrough in NLP, has significantly
improved the efficiency and accuracy of multilingual translations. Studies suggest that multilingual support in
educational systems can improve learning outcomes for students from diverse linguistic backgrounds.

2.4. Text-to-Speech (TTS) in Learning: The integration of TTS systems like Google Text-to-Speech (gTTS) has been
proven effective in making educational content more accessible to visually impaired students and auditory learners.
Research has shown that auditory learning methods can enhance information retention, making TTS an essential
component of modern learning platforms.

2.5. Challenges in E-Learning Platforms: Studies indicate that traditional e-learning platforms often struggle with
real-time engagement and personalized learning experiences. Unlike live classroom environments, pre-recorded
lectures lack adaptability to individual student needs. Al-powered systems aim to bridge this gap by providing tailored,
interactive, and multilingual content.
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Figure: 2 Natural Language Processing
II1. SYSTEM DESIGN AND ARCHITECTURE

3.1 Overview The proposed system comprises three key components:

3.1.1  User Authentication and Profile Management: Students register and input their language preferences.

3.1.2  Al-Powered Learning Content: The platform converts uploaded PowerPoint presentations (PPTs) into
text summaries and audio explanations in multiple languages using NLP and TTS technology.

3.1.3  Multilingual Support: The system ensures accessibility by enabling content delivery in various
languages such as English, Tamil, and Telugu.

3.14  Al-Powered Content Delivery: The platform converts uploaded PowerPoint presentations (PPTs) into
text summaries and audio explanations in multiple languages using NLP and TTS technology.

3.2 Technology Stack
e Frontend: React.js, HTML, CSS
e Backend: Django, Python
e Machine Learning: RAKW, Sumy, M2M 100 Transformer, gTTS
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e Database: SQLite
e  Security: OAuth2, SSL Encryption
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Figure: 3 System Design and Architecture
IV. IMPLEMENTATION AND METHODOLOGY

The Adaptive Multilingual Peer Tutoring with AI-Powered Text-to-Speech system is designed with a structured and

efficient workflow to ensure seamless functionality and user satisfaction. The implementation process is divided into
several key stages, each leveraging advanced technologies to deliver a personalized and inclusive learning experience.
Below is a detailed breakdown of the system’s methodology:
4.1 User Registration & Profile Setup: Students begin by registering on the platform and creating a personalized
profile. During registration, users provide essential details such as their academic level, subject preferences, and
preferred languages for learning. This information is stored securely in the system’s SQLite database, enabling the
platform to tailor content to individual needs.

4.2 Content Upload & Pre-processing: Students or educators upload educational materials, such as PowerPoint
presentations (PPTs), PDFs, or text documents, to the platform. The system pre-processes the uploaded files to extract
text content, ensuring compatibility with downstream Al models. Pre-processing steps may include OCR (Optical
Character Recognition) for scanned documents or image-based content.

4.3 Content Processing & Key Information Extraction: A machine learning model, specifically RAKW (Rapid
Automatic Keyword Extraction), is employed to identify and extract key concepts, keywords, and phrases from the
uploaded content. This step ensures that the most relevant and critical information is highlighted for summarization and
translation.

4.4 Al-Powered Learning Content Generation: The extracted text is processed using Sumy, an automatic text
summarization tool, to generate concise and easy-to-understand summaries. The summarized content is then translated
into the student’s preferred language using the M2M100 transformer, a state-of-the-art multilingual translation model
capable of handling over 100 languages. The translated text is converted into spoken audio using gTTS (Google Text-
to-Speech), enabling students to listen to the content in languages such as English, Tamil, Telugu, and more.
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4.5 Interactive Learning & Real-Time Feedback: Students can access the summarized and translated content in both
text and audio formats, allowing them to choose their preferred mode of learning. The platform includes an interactive
interface where students can review the generated summaries, listen to audio explanations, and provide real-time
feedback on the accuracy and relevance of the content. Feedback is collected and analyzed to improve the system’s
performance and adapt to individual learning preferences over time.

4.6 Adaptive Learning & Personalization: The system continuously monitors student interactions and feedback to
refine its content delivery. Machine learning algorithms analyze user behaviour, such as time spent on specific topics,
frequency of content access, and feedback ratings, to further personalize the learning experience.

4.7 Security & Scalability: The platform is built with a secure backend using SQLite for data storage, ensuring the
confidentiality and integrity of user information. The system is designed to be scalable, capable of handling a growing
number of users and educational materials without compromising performance.

4.8 Evaluation & Continuous Improvement: The system undergoes regular evaluation through user testing and
feedback analysis to identify areas for improvement. Updates and enhancements are implemented to expand language
support, improve summarization accuracy, and introduce new features such as real-time progress tracking and
gamification elements.
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Figure: 5 Implementation and Methodology
V. RESULTS AND DISCUSSION

A prototype of the platform was tested with a group of 50 students. Key findings include:

5.1 Improved Knowledge Retention: Students using the adaptive learning system showed a 30% increase in
knowledge retention compared to traditional methods. The system allowed students to revisit summarized lessons in
their preferred languages, reinforcing key concepts effectively.

5.2 Enhanced Engagement: Multilingual TTS facilitated a more inclusive learning experience, especially for non-
native English speakers. The interactive nature of the platform encouraged self-paced learning, reducing anxiety and
boosting confidence among learners.

5.3 Effective Content Generation: Al-based summarization and translation provided accurate and coherent learning
materials in multiple languages. The content was structured to align with individual learning abilities, ensuring clarity
and ease of understanding.

5.4 Accessibility Enhancement: The text-to-speech feature made learning easier for students with reading disabilities
or those who prefer auditory learning. Additionally, visually impaired students benefited significantly from the system’s
ability to convert text into natural-sounding speech.

5.5 User Feedback: 85% of the students found the system effective in understanding complex topics, and 90%
expressed interest in using it for future learning. The ability to access learning materials in their native languages
contributed to higher satisfaction levels.

5.6 Scalability Considerations: While the prototype demonstrated high efficiency, further optimization is required to
handle large-scale content processing effectively. The system performed well in controlled environments but showed
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minor latency issues when processing extensive datasets. Future enhancements will focus on improving computational
efficiency and response time.

5.7 Customization and Personalization: The system's ability to adapt learning content based on user preferences was
highly appreciated. Additional customization features, such as voice modulation and speech speed control, will be
explored to enhance user experience further.

5.8 Challenges and Future Improvements: Some students encountered minor translation inaccuracies and
inconsistencies in text summarization. Further refining of the NLP models and expanding the language database will
improve accuracy.
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Figure: 6 Results and Discussion
VI. CONCLUSION

This research presents an innovative Al-powered multilingual tutoring system that transforms traditional learning into
a more accessible, adaptive, and personalized experience. By leveraging advanced machine learning techniques such as
RAKW for keyword extraction, Sumy for text summarization, M2M100 transformer for multilingual translation, and
gTTS for text-to-speech conversion, the system effectively addresses critical challenges in education, including
language barriers, accessibility limitations, and the lack of personalized content delivery. The results of this study
demonstrate significant improvements in knowledge retention, student engagement, accessibility, and overall user
satisfaction, highlighting the system’s potential to redefine modern education. The integration of Al-driven
summarization, multilingual text-to-speech conversion, and adaptive learning methodologies represents a
groundbreaking approach in educational technology. By automating the creation of tailored learning materials and
providing content in multiple languages and formats, the system empowers students from diverse linguistic and cultural
backgrounds to learn effectively.

Furthermore, the platform’s user-friendly interface and secure database ensure a seamless and scalable learning
experience, making it suitable for deployment in various educational settings, from schools and universities to
corporate training programs. Despite its successes, the system faces certain challenges that warrant further exploration.
For instance, achieving high translation accuracy across all languages and dialects remains a complex task, particularly
for languages with limited linguistic resources. Additionally, scalability in handling large volumes of users and content
simultaneously requires optimization, especially in resource-constrained environments. Future advancements in natural
language processing (NLP), cloud-based processing, and edge computing can address these limitations, enhancing the
system’s performance and expanding its reach. Moreover, the system’s potential can be further amplified by
incorporating additional features such as real-time feedback mechanisms, progress tracking, and gamification elements
to boost student motivation and engagement. Integrating collaborative learning tools and peer interaction modules
could also foster a sense of community among learners, enhancing the overall educational experience.

In conclusion, this project establishes a strong foundation for Al-driven multilingual education and paves the way
for more inclusive and effective learning environments. By bridging linguistic and accessibility gaps, the system has
the potential to democratize education and empower learners worldwide. As Al and machine learning technologies
continue to evolve, the platform can be further refined to meet the ever-changing needs of modern learners, setting a
new standard for digital education. Ultimately, this research underscores the transformative power of Al in addressing
global educational challenges and highlights the importance of creating equitable learning opportunities for all. With
continuous improvements and widespread adoption, the Adaptive Multilingual Peer Tutoring with AI-Powered Text-to-
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Speech system has the potential to revolutionize digital learning and contribute to a more inclusive and knowledge-
driven world.
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