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Abstract

This paper introduces VITA (Visual Intelligent Teaching Assistant), an artificial intelligence—driven
system for the automatic generation of animated mathematics explanations. Conventional methods for
creating visual educational content are often time-intensive and require specialized skills, limiting their
scalability and accessibility.

VITA addresses this limitation by enabling users to submit mathematical queries through a simple
interface, which are then interpreted using a Large Language Model (LLM). The system converts these
queries into executable animation scripts using the Manim library, producing step-by-step visual
explanations that may be supplemented with narration.

By transforming textual queries into dynamic visual content, the proposed approach enhances
conceptual understanding and supports personalized learning experiences. Despite challenges related to
computational cost and script accuracy, the system demonstrates strong applicability in digital learning
environments. VITA offers a scalable and efficient solution for automated visual instruction in
mathematics.

I. Introduction

The rapid advancement of artificial intelligence has significantly influenced modern educational
practices, particularly in the development of intelligent tutoring systems [1], [8]. However, traditional
teaching approaches still struggle to provide individualized attention and real-time feedback, especially
in large-scale or online learning environments.

Student engagement plays an important role in effective learning [2]. In many cases, lack of attention,
confusion, or disinterest among students goes unnoticed, which negatively affects their understanding
and academic performance [2], [3]. In online education, this issue becomes more challenging due to
reduced interaction and limited visibility of student behaviour. Existing e-learning systems mainly focus
on content delivery and assessment, with limited support for real-time engagement analysis and
personalized feedback.

With the advancement of artificial intelligence, new opportunities have emerged to address these
challenges. Technologies such as natural language processing and computer vision enable systems to
understand user queries and analyze learning behaviour more effectively [4], [5]. These capabilities can
be used to develop intelligent educational systems that provide adaptive and personalized learning
experiences.

Recent advancements in large language models, such as GPT-4 have further enhanced the capabilities of
intelligent educational systems [11], [12].

In this context, this paper proposes VITA (Visual Intelligent Teaching Assistant), an Al-based system
designed to assist both students and instructors. The system allows users to ask mathematics-related
questions through a conversational interface. Based on the input, VITA generates structured
explanations and converts them into animated videos using the Manim library. This approach helps in
simplifying complex mathematical concepts through visual and step-by-step representation.

The proposed system aims to improve learning by combining conversational interaction with automated
visual content generation. It reduces the effort required to create instructional material and provides



instant, easy-to-understand explanations tailored to user needs. This makes the system suitable for
applications in smart classrooms, online learning platforms, and self-learning environments.

I1. Problem Statement

Despite the growth of digital education platforms, many students still face difficulties in understanding
mathematical concepts. Traditional teaching methods often rely on static content such as textbooks,
notes, or recorded lectures, which may not effectively explain complex topics. Creating high-quality
animated explanations requires significant time, effort, and technical skills, making it difficult for
educators to provide visual learning content on demand.

In many cases, students require step-by-step explanations and visual representation to better understand
mathematical problems. Visual learning approaches have been shown to improve comprehension and
engagement [4]. However, existing e-learning systems mainly provide text-based or pre-recorded
content, which lacks flexibility and real-time adaptability based on user queries. As a result, students
may struggle to grasp concepts without personalized and interactive explanations.

Additionally, manually creating instructional videos for every topic is not scalable, especially when
learners have different levels of understanding and require customized explanations. This creates a gap
between available learning resources and the actual needs of students, as highlighted in intelligent
tutoring research [1].

To address these challenges, the proposed system VITA (Visual Intelligent Teaching Assistant) focuses
on automatically generating animated mathematical explanation videos based on user queries. By using
artificial intelligence and the Manim library, the system aims to provide clear, visual, and step-by-step
explanations, making learning more interactive, efficient, and accessible.

III. Proposed System: VITA

The proposed system, Visual Intelligent Teaching Assistant (VITA), is an Al-based educational tool
designed to provide automated and interactive learning support. The system works similarly to a
conversational assistant, where users such as students and teachers can ask mathematics-related
questions through a simple interface.

Unlike traditional learning systems that rely only on text or pre-recorded content, VITA generates
dynamic explanations in the form of animated videos. It uses natural language processing (NLP) to
understand user queries and convert them into structured instructions [5]. These instructions are then
used to create animation scripts using the Manim library, which are rendered into visual explanations.
A. System Architecture

The architecture of VITA consists of three main components: the input interface, the Al processing
module, and the video generation module. The input interface allows users to enter questions using text
or voice. The Al processing module interprets the query and generates a step-by-step explanation. The
video generation module converts this explanation into animated visuals using Manim. This pipeline
enables the system to transform a simple question into a complete instructional video.



. . . .
L
VITA: Visual Intelligent Teaching Assistant
ARCHITECTURE DIAGRAM
FEasmsssEs VITA Core Processing Engine et 1
P = == |
- | >
Ask Question / Corr'::er;:::nal | Natural Language Visual Teaching Intelligent Reasoning Adaptive Teaching
. Share Query I Understanding (NLU) | | Intelligence Module | |& ige P ing Strategy Select
— ¢ Knowledge Base
s -
. " p @ -5 - —>
User Receive ©
(Student / Teacher) Explanation & et v
Guidance let ?CE : Understands Intent, Structures Concepts. Applies Domain d Chooses Explanati Subject Content,
peiaction | Extracts Concepts Visually in Text (Steps, Pedagogy & Logic Style Based on Learner Learning Resources,
| & Context Flows, Tables, Analogies) | | for Accurate Understanding | | Level & Query Complexity Pedagogical Strategies
|
|
|
1
[l e REBE By - SR e SO | | N R R ok
v
‘ N Resp ion & Feedback Delivery
Generates Clear, Step-by-Step,
Teacher-like Responses with
Visual Teaching Intelligence
HOW IT WORKS
@ userinteracts © nwunderstangs (€)) VisualTeachingMapping () intel i © adaptivestrategy () ® Deli
Student or Teacher System understands Concepts are organized Knowledge and pedagogy Best explanation style Clear, structured, and
asks a question the intent and internally using visual are applied to generate is selected based on personalized response
via text or voice. extracts key concepts. teaching techniques. accurate insights. learner's needs. is delivered to the user.

Figure 1. System Architecture (VITA)

B. Conversational Interface Module (ChatGPT-like Component)

The conversational module allows users to interact with the system naturally. It understands user queries
and provides clear explanations. The system can also adapt responses based on the complexity of the
question, making it suitable for different learning levels.

C. Animation Generation Module

This module is responsible for creating animated mathematical explanations. The processed query is
converted into a Manim script, which is then executed to generate an animation. These animations
present concepts step-by-step, helping users understand complex topics more easily.

D. Output and User Interface

The final output is delivered as an animated video, which may also include narration for better
understanding. The user interface is designed to be simple and user-friendly, allowing easy interaction
for both students and teachers.
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Figure 2. User Interface/Proposed System (VITA)

Summary of the Proposed System :

VITA extends the functionality of conversational Al systems like ChatGPT [10] by incorporating visual
intelligence and adaptive teaching strategies. The integration of large language models enables more
adaptive and context-aware learning systems [13], [14].

IV. Methodology

The methodology of VITA explains how the system converts a user’s mathematical query into an
animated video explanation. The system works through a sequence of steps, starting from user input and
ending with a visual output. It mainly focuses on understanding the query, generating structured
explanations, and converting them into animations using the Manim library.

A. User Input

The process begins when the user enters a mathematics-related question through a text or voice

interface. The system accepts queries in a natural conversational format, making it easy for students and
teachers to interact.

B. Query Understanding (NLP Processing)

The system uses natural language processing (NLP) to understand the meaning of the query [5]. It
identifies key concepts, required explanation type, and difficulty level. This helps the system decide how
the answer should be generated.

C. Explanation Generation

Once the query is understood, the system generates a structured explanation. The explanation is broken
into simple steps, making it easier to follow. This step ensures that complex mathematical concepts are
converted into clear and logical sequences. Recent advancements in deep learning have improved the
ability of systems to generate structured and meaningful content [6], [15].

D. Animation Script Generation

The structured explanation is then converted into a Manim script. This script contains instructions for
creating animations such as text display, equations, and step-by-step transitions.

E. Video Generation



The generated Manim script is executed to produce an animated video. The animation visually explains
the concept, helping users understand the topic more effectively. Optional narration can also be added to
improve clarity.

F. Output Delivery

Finally, the generated video is delivered to the user through the interface. The system may also provide
additional explanations or suggestions based on the query.

Summary of Methodology :

VITA follows a step-by-step pipeline that converts user queries into animated educational content. By
combining natural language processing with automated animation generation, the system provides clear,
visual, and easy-to-understand explanations for mathematical concepts.
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Figure 4. User Workflow/Diagram (VITA)

V. LLM-to-Manim Pipeline

The system converts natural language explanations into executable Manim scripts through a structured
pipeline. The LLM first generates a step-by-step explanation of the mathematical concept. This
explanation is then parsed into structured components such as text elements, equations, and animation
steps.
Each component is mapped to corresponding Manim functions. For example:

e Text explanations — Text() objects

o Equations — MathTex()

o Step transitions — Transform() or Fadeln()
The generated script is then executed by the Manim engine to produce an animated visualization. This
pipeline ensures that abstract mathematical concepts are translated into clear, step-by-step visual
explanations.

VI. Result

The VITA system successfully generates animated mathematics videos based on user input. During
testing, the system was able to convert different mathematical queries into structured animation scripts
and produce clear visual explanations using the Manim library.



The system performed smoothly, and users could easily interact with the interface to obtain step-by-step
animated solutions. The generated videos improved understanding by presenting concepts in a more
visual and engaging way compared to traditional methods [4].

The system shows strong potential for use in educational environments such as online learning platforms
and smart classrooms, where automated content generation can support both students and teachers. It
also reduces manual effort in creating teaching materials.

However, certain limitations were observed. The system performance depends on the accuracy of
generated scripts and may require more processing time for complex topics. Further improvements can
enhance efficiency and scalability.

VII. Evaluation
e Tested on 10-20 math queries
e Metrics:

o Script correctness
o Video generation success rate
o Clarity (manual evaluation)
o The system achieved ~85-90% successful script generation for basic algebra and calculus
queries.

VIII. Conclusion

The Visual Intelligent Teaching Assistant (VITA) presents an effective approach to improving the
quality of education using artificial intelligence. By providing interactive and adaptive learning support,
the system enhances students’ conceptual understanding while reducing the effort required from
instructors. It also supports better learning outcomes by making education more engaging and
personalized.

Al-based tutoring systems have shown strong potential in enhancing personalized learning experiences
[1], [9]- Recent research also highlights the growing role of large language models in shaping future
educational technologies [12], [14].

IX. Future Scope

In the future, VITA can be improved by adding more advanced features. It can be integrated with
AR/VR technologies to create more interactive learning experiences. The system can also be enhanced
to better understand student emotions using multiple inputs such as voice and behaviour.

Further improvements may include generating personalized learning paths for students, supporting users
from different cultural and language backgrounds, and optimizing the system for faster performance
using edge computing. These enhancements can make VITA more efficient, scalable, and useful in
modern education systems.
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