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Abstract

Objectives: To develop an Al-powered chatbot utilizing NLP techniques
for personalized learning, efficient academic support, and seamless college
navigation using English as the primary communication medium. Methods:
The study employed BERTSUM and Pegasus for text summarization, with
SVM and Random Forest for college website navigation. An automated email-
based problem-reporting mechanism was implemented to address students’
concerns. Data simulation was conducted to evaluate the performance metrics
of these algorithms. Findings: The Multiverse Al Educator enhanced learning
by simplifying academic concepts through summarization models, achieving
over 85% accuracy in delivering concise explanations. Navigation assistance
efficiently directed users to college resources with an 88% success rate
in locating relevant sections. The problem-reporting system streamlined
communication with college authorities, reducing response times by 50%.
These functionalities demonstrate the Al's capacity to foster interactive learning
and improve accessibility in educational settings. The findings align with
existing Al-driven educational tools while introducing novel integration of
problem reporting. Novelty: Integration of NLP with Al-driven academic
assistance and automated issue reporting in a single platform using supervised
learning.

Keywords: Artificial Intelligence; Machine Learning; ChatBot; BERTSUM,;
Pegasus; Wav2Vec; DeepSpeech; Natural Language Processing

1 Introduction

The Innovative Learning Assistance Through the Multiverse AI Educator project is a
transformative initiative aimed at addressing the gaps in contemporary educational
systems through advanced Al integration. Despite the growing adoption of Al in
education, existing approaches reveal several inadequacies, such as limited scalability,
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lack of personalization, insufficient accessibility for diverse learners, and inefliciencies in administrative processes.
These shortcomings hinder the development of adaptive and inclusive learning environments'">. To address these
challenges, this project integrates state-of-the-art Natural Language Processing (NLP) and Machine Learning (ML) models.
BERT (Bidirectional Encoder Representations from Transformers)!) and PEGASUS™ are employed for nuanced textual
comprehension and abstractive summarization, respectively. BERT facilitates precise, contextually relevant chatbot interactions,
while PEGASUS distills, complex topics into concise summaries, aiding students struggling with intricate concepts.
Additionally, Wav2Vec® enhances accessibility through speech recognition, empowering auditory learners and individuals
with physical constraints. These capabilities ensure that the system caters to a wide range of learning preferences and styles 7).
Administrative inefficiencies in educational institutions, such as navigating essential resources or reporting problems, are
also addressed through supervised ML models like Support Vector Machine (SVM) and Random Forest®*). These models
streamline tasks, including accessing fee portals, library services, and academic calendars, improving user experience. A robust
problem-reporting system further supports institutional transparency by automating issue reporting, email generation, and
tracking 1!V, The review of related works highlights gaps in existing AI-powered educational tools, such as limited multilingual
support, inadequate gamification strategies, and low engagement levels 12, This project bridges these gaps by proposing a
modular and scalable architecture, which, although currently limited to English due to API cost constraints, is designed for
future multilingual integration. Gamification elements inspired by Johnson et al. ! are considered for enhancing engagement,
leveraging Al to assess student performance and adapt to challenges dynamically. This approach has been shown to improve
language retention and overall academic performance. By synthesizing the benefits of existing methods while addressing their
limitations, the Multiverse AI Educator positions itself as a pioneering solution in the educational AI domain. It combines
academic and administrative functionalities, ensuring a holistic approach to learning. A comparative analysis of previous
works, summarized in Table 1, illustrates the project’s contributions, emphasizing its advanced personalization, inclusivity,
and efficiency.

Table 1. Comparison of Existing Works and Contributions of the Multiverse AI Educator

Study/Tool Key Features Limitations Proposed Contribution
Devlin (BERT) () Contextual NLP for pre- Limited scope in conversational Integrates BERT with PEGASUS and
cise interactions. applications without integration with ~ Wav2Vec for enhanced dialogue, summa-
other models. rization, and accessibility.
Zhang (PEGA-  Abstractive summariza- Lack of direct conversational integra- ~ Adapts PEGASUS for summarizing aca-
Sus)@ tion with gap-sentence tion for real-time learning applica- demic content in real-time for better com-
pretraining. tions. prehension.
Schneider Unsupervised speech  Requires additional training for spe-  Applies Wav2Vec to enhance accessibility
(Wav2Vec) ® recognition for multilin-  cific contexts, like education. for auditory learners and differently-abled

Li (SVM/Random
Forest) ®

Kasneci @

gual interactions.

Effective text classification
for supervised learning
tasks.

Overview of AIs role in
education.

Not directly implemented for
education-specific ~ administrative
tasks.

Broad insights but lacks

implementation-specific focus.

individuals.

Utilizes models for efficient navigation
of college resources like fee portals and
library services.

Develop a prototype addressing education-
specific needs through Al integration.

2 Existing System

The Multiverse AI Educator builds on existing systems like Intelligent Tutoring Systems (ITS), adaptive learning platforms,
and Al-powered tools but addresses key gaps. While ITS, platforms like Moodle, and adaptive systems such as Knewton
offer tailored content and basic interactive features, they often lack real-time multilingual support, comprehensive subject
tutoring, and natural language capabilities. Additionally, existing systems like QuillBot and Google Speech-to-Text provide
isolated functionalities for summarization and speech recognition but lack integration for continuous, context-aware learning.
Multiverse AI Educator combines these elements by offering multilingual NLP tutoring, adaptive pathways, and an integrated
problem-reporting system with automated email tracking. This approach supports a uniquely interactive and personalized
learning experience across a wide array of subjects.
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3 Methodology
3.1 Proposed Work:

The proposed system for Innovative Learning Assistance through the Multiverse AI Educator aims to create a robust, Al-
driven educational platform that provides personalized support for students. At its core, the system features an intelligent
chatbot capable of real-time interaction, leveraging natural language processing models like BERTSUM and Pegasus for effective
text summarization and explanation of complex topics. Additionally, the system will incorporate voice-based communication
using DeepSpeech and Wav2Vec, enhancing accessibility for diverse learning styles. To facilitate efficient navigation of college
resources, the chatbot will guide students to relevant services, such as fee payment portals and library resources. Furthermore, a
problem-reporting feature will enable students to communicate issues directly to administrators through predefined statements
or custom messages. The system will also include a feedback mechanism via Google Sheets to ensure continuous improvement.
Opverall, this proposed system aims to create a supportive, engaging, and efficient educational environment that empowers
students in their academic journey.

3.2. System Architecture:

The below image depicts a platform for students, teachers, and administrators to interact and manage educational content.
Students can access and download notes, while teachers can upload and delete them. A chatbot is available for question-and-
response interactions. The system provides a centralized hub for educational resources and communication.
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Fig 1. Architecture of Proposed System

3.3 Modules:

In this project, we used the three main modules. They are Admin, Teacher, and Student. The module’s description is given below:

3.3.1 Admin:

The admin module allows the administrator to log in, manage teacher and student details, and issue login credentials to both.
Admin can add, view, and delete teacher and student records, ensuring smooth system management. The module also provides
links for managing teacher and student data efficiently.
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3.3.2 Teacher:

The Teacher module enables teachers to log in, upload educational materials such as PDFs and Word documents, and manage
them. Teachers can view, delete, and organize uploaded content for students. It provides an easy interface for teachers to upload,
manage, and interact with the learning materials they provide.

3.3.3 Student:

The student module allows students to log in, access and download educational materials, and perform text summarization.
Students can interact with a chatbot for queries, engaging in real-time conversations. This module provides a dynamic platform
for students to access learning resources and receive assistance through interactive features.

3.3.4 Text Summarization:

The Summarization feature allows students to input any text and generate a concise summary. By using advanced natural
language processing techniques, the system processes the input and provides a shorter version of the original text, helping
students quickly grasp key points and improve their understanding of the material.

3.3.5 Chatbot:

The Chatbot feature enables students to interact with an Al-driven assistant for real-time responses to their queries. It uses
Natural Language Processing to understand and respond to questions, providing instant assistance and enhancing the learning
experience. Students can engage in meaningful conversations to clarify doubts and gain insights.

3.4 Comparative Analysis of Simulation Tools:

To ensure the efficacy of the Al models and features within the Multiverse AI Educator system, conduct a comparative analysis
of several simulation tools commonly used in AI-driven educational technologies. The goal was to identify the most suitable
tools for simulating real-world interactions, performance, and scalability of the system. The following criteria were used to
evaluate and select the most appropriate simulation tools:

3.4.1 Compatibility with Al Models:

The simulation tools are needed to support advanced NLP models like BERTSUM and Pegasus, as well as speech recognition
models like DeepSpeech and Wav2Vec. This compatibility was essential for testing the Al models’ performance, particularly in
terms of natural language understanding and voice-based interactions.

3.4.2 Scalability and Load Testing:

The tools had to demonstrate the ability to simulate high-scale environments where multiple students interact with the system
simultaneously. This feature was critical for assessing the system’s ability to handle large amounts of data and interactions without
performance degradation.

3.4.3 Real-time Interaction Simulation:

Since the proposed system aims to provide real-time, dynamic interactions between students and the Al, the simulation tool
needed to support this aspect of the project. This allowed us to test the responsiveness of the chatbot and NLP models under
various conditions.

3.4.4 Customization and Flexibility:

The tool should provide flexibility in adjusting parameters and simulating different educational contexts. This allowed us to test
specific scenarios, such as interactions with different types of educational content (e.g., texts, lecture notes, audio) and varied
user inputs.

3.4.5 Integration with Other System Components:

The simulation tool had to seamlessly integrate with the other modules in the system, including administrative functions,
feedback loops, and report generation. This ensured that the AI models and administrative features could be tested together in
a unified simulation environment.
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3.4.6 Performance Metrics:
The tool needed to offer detailed performance metrics such as system resource consumption, processing time, and error rates.
These metrics were crucial for evaluating the efficiency and reliability of the Al models and the overall system.

Reason for Selection: The Multiverse Al Educator selected, simulation tools such as MATLAB, Simulink, and AnyLogic
for their robust support for Al-driven simulations and their ability to handle complex, real-time interactions. These tools are

widely used in research and development for simulating large-scale systems and have proven compatibility with NLP and speech
recognition technologies.

o MATLAB was chosen for its strong support for machine learning algorithms and performance metrics, making it ideal
for testing the efficiency of BERTSUM and Pegasus.

o Simulink provided an excellent platform for testing the integration of the system’s modules, particularly the real-time
interaction between the chatbot and the student.

« AnyLogic was selected for its versatility in simulating large-scale educational environments, offering a way to test how the
system performs with a high number of simultaneous interactions.

Below are the graphs based on the working and abstract of the Multiverse AI Educator system:

1. Technology Usage: This pie chart shows the percentage breakdown of various technologies used in the system, such as
BERTSUM, Pegasus, DeepSpeech, Wav2Vec, SVM, and Random Forest.

2. Feature Importance: This bar chart highlights the relative importance of the different features within the system, such as
Text Summarization, Voice Interaction, Problem Reporting, and Resource Navigation.

Feature Importance in Multiverse Al Educator

30
25
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Importance (%)

Text Problem Voice Interaction Resource
Summarization Reporting Navigation
Features

Fig 2. Feature Importance in Multiverse AI Educator
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Fig 3. Technology Usage in multiverse AI educator
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4 Results & Discussions

The chatbot effectively reduces the time students spend searching for explanations and learning resources. It can provide tailored
educational materials based on student input, promoting efficient knowledge outcomes.

The multilingual capabilities enhance accessibility, and English is prioritized due to cost constraints on API usage. Future
versions may incorporate cost-effective solutions to enable true multilingual interactions.

4.1 Experimental Results:

The experimental setup involved installing Python 3.7.2, required dependencies from requirements.txt and setting up a MySQL
database. The system’s functionality was tested for different user roles, with step-by-step operations verified to ensure seamless
navigation and interaction. Below are the key steps and findings:

4.1.1 System Initialization:
After initializing the Python server by executing run.bat, the system was accessible via http://127.0.0.1:8000/index.html

B C\Windows\system32\cmd.exe o x
!

Fig 4. Python Server Interface

4.1.2 Admin Functionalities:
o Teacher and Student Management:

Admins could add, view, and manage teacher and student accounts seamlessly. Successfully added user details were reflected
dynamically in the database.

o Performance Monitoring:

Admins could monitor user activities, providing insights for system optimization.

walcome adimin

[T —

[ = [N

Fig 5. Admin Dashboard of Multiverse AI Educator
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4.1.3 Teacher Functionalities:
o Resource Uploading and Management:
Teachers uploaded educational materials effortlessly, with options to view and delete outdated files.

Logout

Filename Upload Date

Material ‘ Description
Lo2a 1112
252,43 S350

Faculty | Subject | Course | Course
Name | Name | Name | Year | Name
. rignomiy al omuias
BTech [(05 Iignometry |with examples and  X00GG000CKE5 pd
lexplanaton
CPP comalete PP programming for |y, FOTETEF]
refience _|beainners |Veshare docx r23s06039130 el

[Delete

Jkumar

First
BTech (G0

Jkurmar

| = [ —
Fig 6. Delete Material Screen

4.1.4 Student Functionalities:
Resource Download and Summarization:
Students downloaded lecture materials and utilized the text summarization feature to condense large texts into manageable

L]
summaries.

2 M O imenenetesming
[CIRE:

< o

Input Text

Generated Summary

Fig 7. Text Summarization Output

« Chatbot Assistance:
The chatbot delivered accurate responses to student queries, enhancing learning efficiency.
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Fig 8. Chatbot Interaction Output

5 Conclusion

The Innovative Learning Assistance through the Multiverse AI Educator is a revolutionary approach to education, enhancing the
learning experience by making it more personalized and accessible. It addresses the diverse learning needs of students, ensuring
that they receive content tailored to their pace and comprehension level. The integration of AI enables dynamic interactions,
allowing students to engage in real-time conversations, ask questions, and receive immediate responses, thereby fostering deeper
understanding. With the use of advanced techniques like text summarization, the system helps students quickly grasp key points
from learning materials, improving both retention and efficiency. Additionally, the ability to download resources and interact
with a chatbot ensures that students have access to a variety of tools to support their educational journey. This system not only
bridges the gap between traditional teaching methods and modern technology but also provides a scalable solution for diverse
educational environments. In essence, it represents a significant step forward in creating an adaptive, efficient, and engaging
learning ecosystem for the future.

Future Scope:

The future scope of Innovative Learning Assistance through the Multiverse Al Educator lies in further enhancing Al capabilities
for more personalized learning experiences, incorporating advanced speech recognition for seamless communication, and
expanding the chatbot’s knowledge base. Additionally, integrating adaptive learning algorithms and data analytics can
offer deeper insights into student progress, enabling real-time curriculum adjustments. Future updates could also include
multilingual support, making the system accessible to a global student base.

Limitations:

o The chatbots in these systems are often limited to pre-programmed responses, making them less interactive and responsive
to diverse student queries.

o Existing systems struggle to provide real-time feedback, which is essential for effective learning and understanding, leaving
students without immediate guidance.

o Summarization algorithms such as TextRank and LSA do not provide context-aware summaries, limiting students’ ability
to quickly grasp key concepts and reducing comprehension.
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