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Abstract: MathLab is a substitute knowledge curriculum vitae designed to help students from elementary to high school with
their studies. It offers a variety of interactive and Al-powered features to help students better understand and solve complex math
problems. Key features include Al Tutor, where students can learn or review topics and even upload news to enhance learning;
Air Solve, where students can draw math problems in the air and the system will instantly answer; Quick Solve, an Al-based
video generator that creates videos that solve given problems and explain the solution, allowing students to extract rules and
procedures to make them more understandable; and Quick Solve, which is an Al-powered video generator that allows students to
extract rules and procedures to make them more understandable. The platform also includes Al-powered automatic code
generation and repair, where the system generates rules to solve problems and self-corrects errors. The main goal of MathLab is
to provide ongoing academic support to weak and struggling students by enabling self-paced and successful learning.

Keywords: Al-Powered Learning, Interactive Mathematics, Gesture Recognition, Automated Problem Solving, Dynamic Graph
Visualization, Code Generation Automation, Code Fixation Automation.

L. INTRODUCTION
MathLab is an innovative Al-based platform designed to improve the learning experience for students from standard 1 to HSC who
struggle with traditional teaching methods or who do not have access to personalized academic support. The goal of the project is to
bridge the educational gap by providing a variety of interactive and dynamic learning features that make mathematics more
accessible, fun, and understandable. MathLab's primary goal is to provide a flexible learning environment tailored to each student's
needs, helping them to master mathematical concepts with ease and confidence.
In today’s rapidly changing educational environment, the need for personalized learning tools has become even greater. Many
students struggle to learn mathematics due to traditional teaching methods that cannot accommodate diverse learning styles or
paces. MathLab addresses these challenges by introducing innovative features like Al Tutor, Air Solve, and Quick Solve that allow
students to learn at their own pace with real-time assistance and interactive interaction. Al Tutor makes learning much more student-
centered by providing a personalized learning path where students can choose topics, download media, and receive customized
explanations.
One of MathLab's most compelling features is Air Solve, a system that uses gesture recognition technology to allow students to
solve math problems simply by drawing them in the air. This feature not only makes the learning process more interactive, but also
encourages students to engage with math in a non-traditional, yet fun and practical way. Air Solve tracks hand movements to
instantly recognize and solve equations, turning passive learning into active and collaborative learning. Moreover, Quick Solve
enhances the learning experience for students by automatically generating code based on the given math problem. This feature not
only solves the problem, but also generates a video explanation that shows step-by-step how the solution was achieved. If there is an
error in the code at runtime, Quick Solve will autonomously attempt to solve the problem, providing students with additional
learning opportunities on how to approach and resolve coding errors. This coding automation introduces students to computational
thinking and improves their problem-solving skills, and is especially helpful for students interested in mathematics and
programming.
Another important feature of MathLab is the Practice Set tool, which allows students to create customized practice problems based
on the topic they need help with. These practice kits are available for download in PDF format, allowing students to conveniently
practice offline. This feature allows students to continuously practice, reinforce their knowledge, and track their progress, which
improves their retention and acquisition of key concepts. Additionally, MathLab's graph plotting feature allows students to create
dynamic graphs that allow them to visually manipulate graph parameters and see the resulting graph change immediately. This
visual feedback helps students gain a deeper understanding of the relationships between mathematical functions and variables.
MathLab is an essential tool in modern education, with a focus on supporting students who are academically struggling or
disadvantaged.
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MathLab aims to provide personalized, accessible, and comprehensive solutions for students to succeed in mathematics by
leveraging artificial intelligence and interactive learning capabilities. The platform enables students to explore mathematical
concepts independently and confidently, making it an essential resource for those seeking to overcome educational barriers and
enhance their learning experience. MathLab essentially combines technology and education to create a holistic and engaging
learning environment that prioritizes student success.

1. LITERATURE SURVEY
[1][2][4] focus on Al for video generation and summarization. [1] explores automating educational animated videos using NLP for
question-based explanations. [2] presents a neural network model for extracting video segments and generating real-time
summaries. [4] uses deep learning, CNNs, RNNs, and attention mechanisms for video captioning, enhancing multimedia
accessibility.
[3][5] investigate Al’s creative use in video generation. [3] integrates Al-driven facial animation and speech synthesis to create
dynamic talking faces. [5] uses generative Al to create digital dance visuals, promoting traditional art forms like classical dance.
[6][7] propose air-writing recognition systems using computer vision and deep learning. They focus on challenges like segmenting
air-drawn characters and optimizing CNN models. Their systems perform well in controlled environments but struggle with noise
and varied lighting.
[8][9] develop gesture-based air-writing detection models using OpenCV and MediaPipe for hand-tracking. They highlight real-time
preprocessing techniques, such as Gaussian filtering, to improve clarity, but complex mathematical expressions remain difficult.
[10] introduces a pattern recognition-based air-writing system using a hybrid Al model (CNN + LSTM). This system improves
recognition accuracy and distinguishes handwriting styles but faces real-time processing delays with cursive writing.
[11][12] explore machine learning integration in air-writing systems. RNNs perform better for continuous input, while SVMs offer
faster but less accurate recognition of complex strokes.
[13] presents an Al-driven real-time numeral recognition system, focusing on handwritten digit sequences. It employs a
convolutional autoencoder for noise reduction, enhancing digit recognition accuracy.
[14] introduces SCLAIR, a contrastive learning-based air-writing recognition model. It improves user independence and accuracy by
recognizing diverse handwriting patterns, outperforming traditional CNN methods by 20%.
[15] explores inertial sensor-based air-writing recognition using accelerometer and gyroscope data for detecting 3D-space
handwriting gestures, showing promise for wearable devices, though it faces higher error rates due to hand tremors.
[16][17] discuss Al’s impact on education in India, focusing on CBSE’s Al curriculum and personalized learning approaches.
Challenges include teacher training, data privacy, and ethical concerns.
[18][19] analyzes Al adoption in Indian universities, highlighting Al's role in student engagement and administrative efficiency.
They caution against over-reliance on Al, which may reduce critical thinking and human interaction.
[20] proposes machine learning models to enhance e-education in India, including personalized course recommendations and
automated grading. The study suggests genetic algorithms to optimize course structures.
[21] examines Al’s evolution from basic educational tools to intelligent tutoring systems. The research discusses Al-assisted
assessments and highlights ethical concerns like algorithm bias and data security.
[22] evaluates Al adoption challenges in Indian education, such as infrastructure limitations and teacher readiness. The research
emphasizes Al’s potential for administrative efficiency and student engagement through gamified learning.
[23][24] improve mathematical function plotting. [23] focuses on formally verified plotting methods using the Coq proof assistant,
while [24] enhances 3D scatterplots for better spatial data visualization.
[25] introduces rtopmap, an interactive research topics visualization system based on graph theory. The system allows users to
explore academic trends through a 35,000-node weighted topics graph.
[26] propose a graph-based method for plotting bifurcation diagrams. This educational tool simplifies equilibrium point behaviors,
offering an alternative to complex computational methods.
[27][28] explore the application of pretrained transformer models and Automated Program Repair (APR) for bug-fixing. Drain’s
DeepDebug improves patch generation by 33%, while Fan emphasizes the need for rigorous code quality checks in APR.
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A. Literature Gap and Overcoming

Some of the existing approaches have endured with limitations, and our solution to such:

1) Limitations

e Limited Engagement: Students often find math boring or difficult due to the lack of interactivity.

e Ineffective Learning Methods for Struggling Students: Many students face difficulties in understanding complex math concepts.

e Limited Access to Academic Support: Students from underserved areas may lack access to tutors or personalized academic
support.

e Inability to Visualize Mathematical Concepts: Traditional methods often fail to provide dynamic, visual feedback for concepts
like graph manipulation.

e Lack of Practice Resources: Many students do not have access to enough practice material to reinforce learning.

e Slow Feedback: In traditional classrooms, students may wait for days to get feedback on assignments.

e Over-reliance on Textbook-Based Learning: Many students are restricted to textbook problems with limited real-world
application.

e Lack of Automation for Problem Solving: Traditional education often lacks automation for problem-solving, making it harder
for students to explore multiple solutions.

e Limited Integration of Technology for Learning: Many schools have limited access to advanced technologies for personalized
learning.

e Inadequate Support for Self-Learners: Self-learners often struggle without immediate help.

2) Overcomings

e MathLab introduces interactive features like Air Solve and dynamic graph plotting, making learning more engaging and fun.

e MathLab provides real-time assistance through Quick Solve and Al Tutor, helping students grasp difficult concepts more
effectively.

e MathLab’s Al-driven system offers personalized help, reducing the gap in educational support.

e MathLab’s graph plotting feature allows students to visually interact with graphs, enhancing their understanding.

e MathLab’s Practice Set tool provides custom practice problems that students can download and work on offline.

e MathLab provides instant feedback, allowing students to understand mistakes immediately and correct them.

e MathLab’s Quick Solve automates problem-solving and offers solutions with explanations, reinforcing the learning process.

e MathLab integrates Al and gesture recognition technology to bridge this gap, providing students with an innovative and tech-
driven approach to learning.

e« MathLab’s on-demand features, like Al Tutor and Quick Solve, allow students to learn independently with the support they
need, without the reliance on teachers or tutors.

1. METHODOLOGY

MathLab’s development is based on creating a multifaceted platform that combines a variety of cutting-edge technologies to provide

a rich educational experience. Each platform’s core features are designed with simplicity and ease of use in mind while providing

powerful functionality.

1) Al Tutor: This feature allows students to learn or review math topics interactively. Students can upload images, files, or media
to receive relevant feedback, explanations, and solutions. The Al system analyzes the downloaded media and provides
customized learning materials to guide students on the topics they are studying. This allows students to review specific topics
according to their individual needs, making it an effective tool for self-study.

2) Air Solve: A real-time gesture recognition system built using OpenCV and MediaPipe. Students can draw equations or other
math problems in the air, and the platform instantly recognizes these gestures and solves the problem. This system has the
ability to recognize dynamic hand gestures and provide real-time feedback, adding a new level of interactivity to math learning
and encouraging students to engage more directly with the content they are learning.

3) Quick Solve: Quick Solve is an Al-based tool that generates code to solve a given math problem. When you input a question,
the system automatically generates a solution in code form, runs the code, and creates a video explaining each step of the
process. If the Al detects an error while executing the code, it will autonomously attempt to solve the problem by generating
new fixes and re-running the code. It will do this up to two times. This feature not only helps students understand how to
approach problems, but also teaches them how to solve real-world problems using coding.
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4) Practice Sets: The practice sets feature of this platform allows students to create custom practice problems based on their
chosen topic. The created sets can be downloaded in PDF format, allowing students to practice and test their skills offline. This
feature is especially useful for students who need additional practice to consolidate their knowledge and track their progress
over time. Teachers can also assign practice sets that are tailored to the specific needs of each student.

5) Graph Plot: MathLab provides dynamic graphing capabilities that allow students to visually manipulate the values of
mathematical functions and see the effects immediately. This allows students to understand the relationships between variables
and how changes to one aspect of a problem affect the overall equation. This feature allows students to experiment with graphs
and gain a deeper understanding of mathematical concepts that may be difficult to understand with static examples.

6) Code Generation Automation: This project includes two functions which might be dynamically generated at runtime the usage
of Al. Instead of preloading static functionalities, the required additives are built on demand based totally on consumer input.
The Al agent is used to generate code for exercise question technology and video animation visualization during execution, and
this code is compiled and rendered via the consumer interface instantly. Dynamically at runtime. This method drastically
reduces the base assignment length and minimizes CPU load, making the machine optimized for performance and appropriate
for low-specification gadgets. It permits the utility to scale its capability simplest when wished, enhancing efficiency and
responsiveness.

7) Code Fixation Automation: In case any errors occur in the course of the process—whether runtime, Ul-related, or API-stage—
the gadget captures them and stores the details in a log document based as a dictionary. These logs serve as diagnostic records
for the Al agent, which analyzes the facts to become aware of the motive of the problem and provoke corrective movements
routinely. This allows actual-time trouble detection and backbone, enhancing the machine's reliability and lowering the need for
guide debugging.

These integrated features aim to create a comprehensive platform that supports a variety of learning needs and teaching methods,

making it an ideal tool for both students and teachers.

V. SYSTEM ARCHITECTURE
MathLab's architecture is designed to provide a seamless experience with a variety of components that work together to process
input data and generate solutions. The system is modular, so each feature can operate independently, but can also be seamlessly
integrated with other features.

Input Layer
Accepts inputs via hand gestures, text, and image
uploads, using OpenCV and MediaPipe for processing.

Processing Layer
Al models analyze inputs, interpret problems, generate
solutions, and handle error correction

Output Layer
Generates interactive outputs like graphs, step-by-step
solutions, and video explanations using Matplotlib and Manim.

Back-End
Manages Al processing, gesture recognition, error correction,
and secure data storage using Python.

Fig 1. Architecture

1) Input Layer: The platform accepts input through a variety of channels, including hand gestures (for Air Solve), file uploads, and
manual input. OpenCV is used to process video and image files, while MediaPipe facilitates gesture recognition by identifying
hand landmarks, tracking motion, and solving mathematical equations drawn in the air. The platform also allows text input and
image uploads to solve problems or create custom exercise sets.

2) Processing Layer: This layer is responsible for analyzing input data and generating corresponding output data. The platform'’s
Al models use machine learning algorithms to interpret problems and generate solutions. For example, Quick Solve's Al
analyzes input data, generates appropriate code, and executes it. If there is an error in the code, the system will try to correct the
error by generating a new solution. In Al Tutor, the Al analyzes the uploaded file or image and provides a solution that is
appropriate for the situation.
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3) Output Layer: This layer generates dynamic outputs such as graphs, step-by-step solutions, and video explanations. The
Matplotlib library is used to create static and dynamic graphs, and Manim is used to create high-quality animated videos that
explain the solution in a more visual format. Quick Solve also generates a video of the code execution process and presents the
resulting output with detailed explanations. The output is designed to be interactive, interesting, and visually informative,
enhancing the learning process.

4) Backend: The backend is built using Python, ensuring efficient communication between all components. The Al model, gesture
recognition, and error correction logic interact seamlessly through the backend, enabling real-time processing and dynamic
output generation. Data storage of practice sets and user-generated content is handled securely to ensure user privacy and data
integrity.

Together, these layers create a powerful and scalable platform that can deliver personalized and dynamic learning experiences to
students across a variety of learning styles.

V. RESULTS
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Fig 2. Dashboard

Dashboard: A user-friendly interface providing seamless navigation across multiple functionalities.

5; B oy <o o0,
MATH-LAB | .

) oo

a+0=a [r
T = i +m9)—

Contact Us

Fig 3. Contact Us

Contact Us: A support feature allowing users to seek assistance, report issues, and get queries resolved.
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Fig 4. Quick Solve

Quick Solve: Al generates step-by-step solutions with animated visualizations for better understanding.
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Fig 5. Al Tutor

Al Tutor: An intelligent virtual assistant offering interactive explanations, video solutions, and practice sets.
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Fig 6. Practice Sets

Practice Sets: Al-powered test generator providing dynamic, personalized practice questions with explanations.
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Fig 7. Graph Plot

Graph Plot: An interactive tool for creating, modifying, and analyzing graphs with real-time controls.

Fig 8. Air Solve

Air Solve: A gesture-based math solver using Al to recognize and solve handwritten equations instantly.

VI. CONCLUSION
MathLab is an innovative educational platform designed to provide students with advanced learning tools to help them succeed in
mathematics. It uses artificial intelligence, interactive gestures, and real-time graphing to provide a fun and effective comprehensive
learning experience. Features like Al tutor, quick problem solving, and air problem solving provide students with immediate help
for difficult problems, while practice sets and graph plotting features provide ongoing practice and understanding. The platformas
code generation and auto-correction capabilities provide immediate solutions to coding problems, further enhancing its usability.
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MathLab is not just a problem solving tool. It is a comprehensive solution aimed at facilitating better learning, especially for
students from disadvantaged backgrounds. MathLab aims to make a positive and lasting impact on the educational environment by
making mathematics more accessible to all students by providing accessible, interactive, and personalized education.
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