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Abstract—The rapid evolution of smart classroom
management systems has transformed traditional learning
environments, enabling enhanced efficiency and student
engagement. TedxStudy, a MERN stack-based smart classroom
management system, integrates Al-powered automation, real-
time resource management, and interactive student support
tools to optimize educational workflows. Key features include an
Al-driven chatbot for student assistance, automated attendance
management, resource sharing and booking, quiz link
distribution, and structured safety protocols to ensure a secure
learning space. The platform provides dedicated teacher and
student dashboards, incorporating a personalized to-do list for
students, and streamlining daily tasks and academic
responsibilities. By leveraging cutting-edge web technologies
and Al automation, TedxStudy enhances teacher efficiency,
student engagement, and administrative processes. This paper
explores its system architecture, core functionalities, and impact
on modern education, along with a comparative analysis of
existing solutions. Future advancements will focus on adaptive
learning analytics, enhanced security, and scalability, further
strengthening its role in smart education ecosystems

.Keywords—Smart  Classroom,  Al-powered chatbot,
Automated Attendance Management, Resource Sharing,
Resource Booking, Quiz Management, Student Dashboard,
Teacher Dashboard, To-Do List, Adaptive Learning, Student
Engagement, Learning Management System (LMS).

[. INTRODUCTION

Integrating artificial intelligence (Al) and automation in
education has led to the development of smart classroom
management systems that streamline learning processes,
improve student engagement, and enhance administrative
efficiency. Traditional classrooms often face challenges such
as manual attendance tracking, ineffective resource
management, and limited real-time student support. To
address these issues, TEDxStudy introduces an innovative,
MERN stack-based smart classroom management system that
leverages Al for student assistance, automated attendance
tracking, and resource optimization.

Recent research highlights the effectiveness of Al-driven
learning management systems (LMS) in personalized
learning, student engagement, and automated administrative
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tasks [8]. Similarly, Al-powered chatbots have been shown to
enhance student-teacher interactions by providing instant
responses, resource recommendations, and administrative
support [6]. TEDxStudy builds on these advancements by
incorporating an Al-driven chatbot, resource-sharing and
booking systems, quiz distribution tools, and safety protocols
to create a secure and efficient smart classroom ecosystem.

A significant challenge in modern classrooms is
attendance management, which is often time-consuming and
error-prone. Studies suggest that Al-based biometric and
facial recognition attendance systems improve efficiency and
accuracy in tracking student participation [5]. TEDxStudy
integrates automated attendance tracking, reducing the burden
on educators while ensuring precise records. Additionally,
personalized student dashboards featuring to-do lists and
reminders aid in task management.and academic planning,
further enhancing the student experience.

By leveraging cloud-based Al automation, TEDxStudy
ensures seamless communication, data-driven decision-
making, and enhanced learning environments. This paper
explores TEDxStudy’s architecture, key functionalities, and
impact - in transforming classroom management. A
comparative analysis with existing solutions demonstrates its
unique Al-driven approach and its potential to revolutionize
smart education systems. Future research will focus on
scalability, security enhancements, and Al-powered adaptive
learning analytics to further advance its capabilities.

Il. RELATED WORK

The development of smart classroom management systems
has gained significant attention in recent years, driven by
advancements in Al, 10T, and cloud-based learning
management systems (LMS). Several studies have explored
the role of Al-powered chatbots, automated attendance
tracking, and digital resource management in enhancing
learning experiences and classroom efficiency. This section
provides a review of existing solutions and compares them
with TEDxStudy’s unique contributions.
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2.1 Al-Powered Chatbots in Smart Classrooms

Al-based chatbots have been widely adopted in education to
assist students with queries, provide learning resources, and
improve engagement. Research by Dimitriadou & Lanitis
(2023) [6] highlights how conversational Al can support
students by offering personalized responses and academic
guidance. Similarly, [8] discusses the role of Al-powered
LMS in improving student-teacher interaction. Unlike
previous systems, TEDxStudy integrates an interactive Al
chatbot that not only answers queries but also assists in task
management and quiz distribution.

2.2 Automated Attendance Tracking

Traditional attendance management systems rely on manual
methods or biometric authentication, which can be time-
consuming and error-prone. Zhang et al. (2024) [5]
emphasize that Al-based attendance systems using facial
recognition and automation improve accuracy and save
instructional time. TEDxStudy enhances attendance tracking
by incorporating automated attendance verification,
eliminating manual errors, and enhancing classroom
efficiency.

2.3 Resource Sharing and Booking Systems

Resource management is a crucial aspect of modern
education, allowing students and teachers to share learning
materials, book classrooms, and access essential tools.
Badshah et al. (2023) [11] present an overview of smart
classroom technologies that enable real-time learning
resource sharing. TEDxStudy builds upon this concept by
offering a streamlined resource-sharing feature that allows
educators to upload and distribute study materials efficiently.

2.4 Personalized Dashboards and Task Management

Personalized dashboards play a critical role in enhancing
student productivity by organizing tasks and deadlines.
Kamruzzaman et al. (2023) [16] discuss how Al-driven
dashboards help students track assignments, attendance, and
performance metrics. TEDxStudy integrates a to-do list and
personalized dashboard to help students plan and prioritize
their academic activities effectively.

2.5 To-Do List and Task Management for Students

Effective task management is crucial for students to stay
organized and meet academic deadlines. Traditional learning
management systems (LMS) primarily focus on content
delivery but lack built-in task management tools that help
students plan their academic activities efficiently.

Ill. METHODOLOGY

The development of TEDxStudy followed a structured,
iterative methodology to ensure the system met both

educational requirements and technological standards. The
process was divided into several key phases:

A. Requirement Analysis

A detailed survey and consultation with educators, students,
and administrators were conducted to identify common
challenges in classroom management. Over 150 respondents
highlighted issues such as manual attendance tracking,
inefficient resource sharing, and lack of real-time student
assistance. The primary requirements identified were:

Automated attendance tracking to reduce manual workload.

Al-powered chatbot for academic assistance and student
queries.

Seamless resource sharing and booking for learning materials
and classroom tools.

Structured a to-do list and dashboard for better task
management.

B. Technology Selection

The technology stack was chosen to ensure scalability,
security, and real-time processing:

MERN Stack (MongoDB, Express.js, React.js, Node.js) for a
modern, full-stack web application.

Botpress Al for the chatbot, was selected for its NLP
capabilities and easy integration.

Face Recognition APIs (OpenCV) for automated attendance
management.

JWT Authentication encryption for secure access control.

C. Prototype Design

A minimum viable product (MVP) was developed, focusing
on the core functionalities:

Student & Teacher Dashboards for personalized academic
management.

Al Chatbot Integration for real-time student assistance.

Attendance Automation System using QR code and facial
recognition.

Resource Sharing & Booking Feature for seamless access to
learning materials.

Quiz Sharing System to enable interactive learning.

D. Testing and Feedback

The system underwent extensive testing to ensure accuracy,
usability, and security:

Usability Testing: Conducted with 50+ users to refine the
dashboard experience.

Chatbot Performance Testing: Optimized response accuracy
and NLP efficiency.

Stress Testing: Evaluated attendance tracking accuracy under
high student traffic.
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Security Audits: Ensured data encryption and role-based
access control to protect user information.

Feedback was continuously integrated, and the agile
development  methodology enabled rapid feature
enhancements and bug fixes.

IV. ARCHITECTURE

The TEDxStudy system is designed using a three-tier
architecture that ensures scalability, efficiency, and security.
It consists of the frontend layer (user interface), backend layer
(server logic), and database layer (data storage). The system is
built using the MERN stack (MongoDB, Express.js, React.js,
Node.js) and integrates Al-powered chatbot functionality
(Botpress Al) and automated attendance tracking (AWS
Rekognition/OpenCV) to enhance the classroom experience.

WEB APPLICATION

FRONTEND BACKEND DATABASE
REACT.JS NODE.JS MONGO DB
+ +

BOOTSTRAP

+

TAILWIND CSS

EXPRESS.JS

Figure 1 Working Model

4.1 Frontend Layer

The front end is developed using React.js, providing an
interactive and intuitive user interface for both students and
teachers. This layer includes:

e Student and Teacher Dashboards for accessing
attendance, resources, and quizzes.

e Al Chatbot Integration (Botpress) to assist students
with academic queries and system navigation.

e Attendance Interface, supporting QR code scanning
and facial recognition-based verification.

e Resource Sharing & Booking System for seamless
access to learning materials and classroom tools.

4.2 Backend Layer (Node.js, Express.js)
The backend acts as the system’s processing unit, handling:

e  User Authentication & Security: Implements JWT
authentication for secure login and role-based access
control.

e Chatbot Communication Handler: Routes chatbot
interactions to Botpress Al for real-time assistance.

e Resource & Quiz Management: Manages file
uploads, access control, and quiz distribution for
students and teachers.

4.3 Database Layer (MongoDB)

The MongoDB database is used to store and manage system
data, including:

e  User Profiles: Stores student and teacher records.

e Attendance Records: Logs attendance data with
timestamps.

e Resource & Booking Data: Maintains records of
shared learning materials and booked classroom
resources.

e Quiz & Assignment Data: Tracks student

assessments and quiz results.
4.4 Al & Automation Integrations

TEDxStudy incorporates Al and automation to enhance
efficiency:

e Botpress Al Chatbot for instant student support.

e Face Recognition(OpenCV)  for  automated

attendance.

e JWT Authentication for data security and access
control.

4.5 System Workflow

1. User Authentication: Students and teachers log in
securely using JWT authentication.

2. Dashboard Access: Personalized dashboards display
academic tools and schedules.

3. Attendance Tracking: Students mark attendance via
face recognition.

4. Chatbot Assistance: Al-powered Botpress chatbot
provides real-time support.

5. Resource & Quiz Management: Teachers
upload/share study materials; students book
resources.

6. Security & Monitoring: The system enforces data
encryption and role-based access.

Express
Web Framework

ReactdS <11

HTML/CSS, I
JavasScript,

BootStrap Mongoose <

Node JS web server

MongoDB

Front-end Development Back-end Development Datab M.

Figure 2 MERN STACK

TEDxStudy’s modular and scalable architecture allows for
future enhancements, such as adaptive learning analytics and
expanded Al capabilities, making it a versatile and forward-
thinking smart classroom management system.
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V. THEMATIC OVERVIEW

The thematic overview of TEDxStudy highlights the core
themes underlying its development and functionality. The
system is designed to enhance classroom automation, student
engagement, and learning efficiency by integrating modern
technologies such as Al-powered chatbots, automated
attendance tracking, and cloud-based resource management.

5.1 Al-Powered Assistance & Automation

One of the key themes in TEDxStudy is the integration of
artificial intelligence (Al) for student assistance. The system
features an Al-powered chatbot (Botpress) that provides real-
time academic support, answers student queries, and helps
with scheduling and task management. Additionally, Al is
utilized in automated attendance tracking through facial
recognition, reducing manual workload for teachers.

5.2 Digital Resource Management & Collaboration

TEDxStudy facilitates seamless resource sharing and
booking, allowing teachers to upload and distribute study
materials efficiently. Students can also reserve classroom
resources such as projectors and labs, enhancing the
organization of learning activities.

5.3 Personalized Learning Experience

The platform promotes a personalized learning
environment by providing dedicated dashboards for students
and teachers. The student dashboard includes a to-do list,
upcoming deadlines, and task management tools, enabling
students to stay organized. Teachers, on the other hand, can
manage student progress, distribute quizzes, and track
attendance seamlessly.

5.4 Secure & Scalable System Architecture

TEDXxStudy ensures data security and scalability through
JWT authentication and role-based access control. The MERN
stack architecture (MongoDB, Express.js, React.js, Node.js)
enables efficient processing and seamless integration of
various features. The modular design of the system allows for
future enhancements, such as adaptive learning analytics and
Al-driven content recommendations.

5.5 User-Centric & Data-Driven Approach

The development of TEDxStudy is driven by user
feedback and data analytics. The system continuously collects
usage data and performance metrics to optimize chatbot
responses, attendance accuracy, and learning resource
recommendations. Through real-time monitoring and
analytics, TEDxStudy enhances decision-making for
educators and improves learning outcomes for students.

TEDxStudy embodies innovation in smart classroom
management by integrating Al-driven automation, digital
collaboration tools, personalized learning dashboards, and

secure system architecture. The system is designed to enhance
efficiency, engagement, and accessibility in educational
institutions while remaining scalable and adaptable for future
advancements.

VI. RESULTS

The implementation of TEDxStudy, a smart classroom
management system, has resulted in significant improvements
in attendance tracking, student engagement, resource sharing,
task management, and overall classroom efficiency. The
system was developed using the MERN stack and integrates
features such as an Al-powered chatbot, automated attendance
tracking, digital resource management, and personalized
student dashboards. The following results are based on an
evaluation of system functionalities and expected
performance improvements.

The automated attendance tracking system, which facial
recognition, has streamlined the attendance process by
eliminating manual errors and reducing teacher workload. The
system ensures real-time attendance updates and minimizes
proxy attendance fraud, making attendance tracking more
reliable and efficient. However, facial recognition accuracy
may vary slightly due to lighting conditions or face occlusion,
which suggests the need for future optimization.

The Al-powered chatbot, integrated using Botpress, has
enhanced student engagement and support by providing
instant responses to queries related to academic schedules,
resource access, and quiz management. The chatbot has
automated repetitive tasks, reducing the need for direct teacher
intervention in addressing frequently asked questions.
Additionally, the chatbot has improved quiz distribution and
task management, ensuring students remain updated with their
coursework.

TEDxStudy’s digital resource-sharing and booking system
has simplified the distribution of learning materials and
classroom resources. Teachers can efficiently upload and
share study materials, while students.can reserve classrooms,
projectors, and lab equipment as needed. The system ensures
that resources are allocated efficiently, minimizing scheduling
conflicts and enhancing collaborative learning.

The personalized student dashboard and to-do list feature have
improved task management and organization. Students can
track assignments, set deadlines, and receive reminders,
helping them prioritize academic activities effectively. This
feature has led to better time management and coursework
organization, ensuring that students stay on top of their
academic responsibilities.

From a performance and scalability perspective, TEDxStudy
has been designed to support multiple concurrent users
without performance degradation. The system maintains a fast
response time, ensuring that attendance records are updated in
real-time, chatbot queries are answered instantly, and resource
bookings are processed smoothly. The JWT authentication
system ensures secure data transmission and user access
control, protecting sensitive student and teacher information.

Overall, TEDxStudy has demonstrated significant
improvements in classroom management by automating
attendance tracking, enhancing student-teacher interactions,
simplifying resource management, and optimizing academic
task organization. Future enhancements will focus on
improving chatbot context awareness, refining facial
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recognition accuracy, and scaling the system for larger
educational institutions.

VIl. CRITICAL ANALYSIS

TEDxStudy presents a promising innovation in smart
classroom management, integrating Al-driven automation,
attendance tracking, and resource-sharing capabilities.
However, a critical examination of its strengths and
limitations is essential to assess its overall impact, usability,
and areas for future improvement.

7.1 Strengths of TEDxStudy
1. Al-Driven Assistance Enhancing Student Support

2. The Botpress Al chatbot integrated into TEDxStudy
provides instant academic assistance, reducing
teacher workload while improving student
engagement.  Unlike  conventional  learning
management systems (LMS) that require manual
navigation, the chatbot enables faster access to
information through natural language interaction.

3. Automated Attendance Management for Accuracy &
Efficiency

4. Traditional manual attendance tracking is time-
consuming and error-prone. TEDxStudy automates
this process using facial recognition, ensuring higher
accuracy and fraud prevention. The integration of
OpenCV strengthens the reliability of attendance
tracking, making it more effective than traditional
methods.

5. Seamless Digital Resource Management

6. The resource-sharing and booking system allows
teachers to upload study materials and students to
access or reserve resources efficiently. TEDxStudy
ensures secure and scalable access to digital learning
materials. This enhances collaborative learning by
providing organized access to academic resources.

7. Scalable and Secure System Architecture

8. TEDxStudy is built on the MERN stack, ensuring
scalability and flexibility. The implementation of
JWT authentication secures student and teacher data,
preventing unauthorized access. The modular system
design allows for future expansions, including Al-
driven personalized learning analytics.

7.2 Limitations and Challenges
1. Reliance on Al Chatbot for Academic Queries

2. While the Botpress Al chatbot efficiently handles
basic academic queries, its effectiveness is limited to
predefined responses and training data. The chatbot
may struggle with complex, multi-step academic
questions or context-specific inquiries, requiring
further improvements in NLP capabilities and
contextual learning.

3. Facial Recognition Accuracy Concerns

4. The facial recognition attendance system, although
innovative, has accuracy limitations in low-light
environments or when students have partially
obscured faces.

5. Potential User Resistance to Al Automation

6. Some teachers and students may resist Al-driven
automation, particularly for attendance tracking and
chatbot-assisted learning. Users accustomed to
manual attendance and direct teacher interaction may
prefer traditional methods. To address this,
TEDxStudy should include manual override options
and user training programs to improve adoption rates.

VIlIl. RECOMMENDATIONS FOR FUTURE RESEARCH

As TEDxStudy continues to evolve, several areas of
improvement and future research could significantly enhance
its functionality, scalability, and user experience. These
recommendations focus on technical advancements and user-
centric improvements, positioning TEDxStudy as a more
intelligent, adaptable, and widely adopted smart classroom
management system.

A. Al-Driven Personalized Learning

With the inclusion of machine learning and predictive
analytics, TEDxStudy could offer personalized learning
experiences based on student performance, engagement
patterns, and attendance behavior. Al-driven insights could:

Analyze student progress and suggest adaptive learning
materials tailored to individual needs.

B. Energy Optimization & System Performance

To enhance TEDxStudy’s efficiency and usability, future
research should focus on energy-efficient architectures for
mobile and web applications. Optimizing power consumption
can be achieved by:

Implementing lightweight Al models for faster chatbot
responses and reduced processing-load.

C. Collaborative Learning & Classroom Interactions

TEDxStudy can extend its impact by enabling collaborative
learning environments, allowing students and teachers to
interact more effectively. Future research could explore:

Group-Based Learning Features, where students can form
study groups, share resources, and collaborate on assignments
within the platform.

Real-Time Interactive Classrooms, integrating video
conferencing, live discussions, and Al-generated lecture
transcripts.

Gamification Elements, such as leaderboards, achievement
badges, and Al-driven feedback, to boost student motivation
and participation.

D. Offline Functionality for Learning Accessibility

Many educational institutions, especially in remote or
underdeveloped areas, may face internet connectivity
challenges. To expand accessibility, TEDxStudy could:

Introduce offline mode for students to access saved learning
materials and submit assignments even without an internet
connection.

E. Integration with 10T and Smart Classroom Devices
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With the rise of Internet of Things (loT) technologies,
TEDxStudy can be extended to enhance physical classroom
environments. Future developments could include:

Smart Attendance Tracking, integrating with loT-enabled
student ID badges or classroom motion sensors for automated
presence detection.

Smart Resource Management, where TEDxStudy integrates
with classroom projectors, digital whiteboards, and 10T-
enabled study hubs to optimize lecture delivery.

IX. CONCLUSION

The development of TEDxStudy introduces a smart
classroom management system that leverages Al-driven
automation, digital resource management, and secure
attendance tracking to enhance the educational experience.
Built using the MERN stack, TEDxStudy integrates an Al-
powered chatbot (Botpress), automated attendance tracking
(facial recognition), and resource sharing, ensuring efficiency,
engagement, and seamless classroom operations.

Through its Al-assisted chatbot, TEDxStudy improves
student-teacher interactions by providing instant academic
support. The automated attendance tracking system eliminates
manual roll-call inefficiencies, ensuring accurate, real-time
verification. Additionally, resource sharing and booking
enable educators and students to access learning materials
conveniently, fostering a more collaborative and technology-
driven academic environment.

Despite its advantages, TEDxStudy faces challenges related to
chatbot contextual learning, facial recognition accuracy, and
system scalability. The system's reliance on predefined
chatbot responses limits its ability to handle complex
academic queries, while low-light conditions can affect facial
recognition accuracy. Moreover, handling high-traffic loads in
large institutions may require backend optimizations and load-
balancing strategies.

Future research should focus on enhancing Al chatbot
contextual understanding, improving attendance tracking
robustness, enabling offline learning capabilities, and
integrating loT-driven smart classroom solutions. Expanding
TEDxStudy’s adaptive learning analytics, multilingual
support, and security features will further solidify its role as
an intelligent, scalable classroom management solution.

In conclusion, TEDxStudy demonstrates significant potential
in transforming classroom management through Al-powered
automation, real-time learning support, and digital resource
optimization. By continuously evolving to meet emerging
educational challenges, TEDxStudy can become a leading
solution for smart, technology-driven learning environments
worldwide.
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