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ABSTRACT 

Educational videos have become a crucial content-delivery tool in all levels of 

education, particularly in blended and online learning environments. Creating high-

quality educational animations for mathematics instruction remains resource-intensive 

and technically challenging, limiting educators' ability to produce engaging visual 

content for blended and online learning environments. Traditional animation workflows 

require specialized technical skills and substantial time investment, creating barriers 

between pedagogical expertise and effective content delivery. This project introduces a 

novel Domain-Specific Language (DSL) that enables Large Language Models (LLMs) 

to automatically convert natural language descriptions of mathematical concepts into 

structured animation commands. The core innovation lies in bridging natural language 

input with precise animation instructions, allowing educators to generate visualizations 

for complex topics such as function graphing, geometric proofs, and calculus 

derivatives using simple text descriptions. The system architecture integrates GPT-4o 

for intelligent content interpretation, a custom TypeScript animation library supporting 

mathematical visualizations and transformations, and Google Text-to-Speech for 

synchronized narration. Users input high-level prompts describing mathematical 

concepts, which the LLM processes through the DSL to generate modular, reusable 

animation scripts that render as web-based visualizations. This work contributes a 

reproducible framework for AI-driven educational content creation that democratizes 

animation production for mathematics instruction. The modular architecture and open 

DSL design provide immediate practical value for mathematics educators while 

establishing scalable foundations for broader STEM disciplines. The system represents 

a significant advancement in the intersection of artificial intelligence, computer 

graphics, and educational technology. By lowering the barriers to educational 

animation creation, this project aims to enhance the learning experience for 

mathematics students, with potential extension to broader STEM discipdlines. 

 

Area of Study: Educational Technology, Natural Language Processing 

Keywords: Large Language Models, Artificial Intelligence, Animation Systems, 

Mathematical Visualization, Text-to-Animation, Domain-Specific Language 
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1 Chapter 1 

Introduction 

This section outlines the rationale behind the project to develop tools for Large 

Language Models (LLMs) to generate educational videos. It identifies current 

challenges in creating animations for complex STEM topics and the motivation to 

create an improvised tool that enables users to develop high-quality animations. 

 

With the rapid advancement of generative AI, new possibilities have emerged across 

many industries, including education, healthcare, entertainment, and business 

operations. This emergence of new technology is transforming how we perceive, 

acquire, and process information. At the same time, video animation has revolutionized 

education. It has expanded the creative possibilities for presenting and supporting 

educational content. This trend in animation-based learning has been further enhanced 

by the integration of augmented and virtual reality technologies. 

Young people today are used to receiving and processing information in brief, 

rapid segments, rather than in longer, more sustained forms. They prefer, and are adept 

at understanding concise, visual, and rapidly presented information [1]. In a study [2], 

researchers examined the effectiveness of animated videos as educational tools in 

engineering drawing courses. Their aim was to improve students' imagination and 

visualization abilities. Results showed that compared to conventional text-based 

instruction, animated videos enhanced students' comprehension, motivation, and 

engagement with the subject matter. 

The multimedia elements supplement traditional textbooks and lectures, which 

help reduce students' cognitive load while improving their ability to visualize and 

imagine complex objects. Therefore, there is a growing need for tools that facilitate the 

creation of engaging and effective educational animation presentations. The focus of 

this paper will be on developing a TypeScript-based library that enables LLMs to 

generate animated educational content, making it easier for educators to create high-

quality instructional videos. This approach aims to enhance learning experiences, 

improve accessibility, and reduce the technical barriers associated with animation 

development. 
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1.1 Problem Statement and Motivation 

Creating animations for Science, Technology, Engineering, and Mathematics (STEM) 

education remains a significant challenge in the modern world. STEM concepts are 

often abstract and complex. STEM concepts are often abstract and complex. Translating 

these abstract ideas into visual representations that are both accurate and easy to 

understand requires deep knowledge of the subject matter, creativity in visualization, 

and proficiency in programming. As the content becomes more complex, educators 

from non-animation design disciplines may face a steep learning curve to create useful 

scientific animations for education in these domains. For instance, extensive training 

sessions were needed for secondary school teachers to create animated graphs using a 

math software, Maple [3]. This technical difficulty can be overwhelming for many 

educators who may have strong STEM knowledge but limited animation skills. While 

it's not entirely unusable for those outside its primary subject areas, their ability to fully 

utilize the library is restricted without a more comprehensive understanding [4]. The 

time required to be familiar with programming may also detract from the primary goal 

of creating high-quality mathematical animations. Although practical, the trade-off 

between time consumption and maintaining the animation quality can be significant. 

In addition to technical challenges, financial barriers further complicate the 

production of educational animations. Proprietary animation software and tools can be 

expensive. While these paid options are highly secure and stable with built-in assets 

and professional features, they often come with higher system requirements, making 

them less favourable. Additionally, they often necessitate licensing and user training 

[5]. Although open-source alternatives are available, they tend to be limited in scope, 

offering only a fixed set of examples with minimal adaptability and creative potential. 

Therefore, a new approach should be explored to enable educators with minimal 

experience in programming or animation to visualize their teaching materials using 

modern tools. 
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 The significance of video animation in education cannot be overstated. 

Animation is a powerful medium for communicating scientific and mathematical 

concepts [6]. They make complex concepts easier to understand by providing visual 

representations that cater to different learning styles. Difficult topics can be broken 

down into simpler, more digestible segments through animation. Additionally, 

animated videos are highly accessible, fostering remote and self-paced learning on a 

global scale. Once created, video animation content can also be reused, thereby 

reducing educational costs in the long run. 

 Educational animation is effective across all ages, and many educators are 

constantly seeking new methods to help students visualize complex, abstract ideas, 

especially given the changing needs and attitudes of students after the COVID-19 

pandemic. Learning materials need to be engaging, flexible, and adaptable to suit 

various learning styles and situations. Simply presenting information as text or web 

pages can overwhelm students [7]. For instance, a study found that undergraduate 

Electrical and Electronics Engineering (EEE) students generally struggle to understand 

the curriculum due to its mathematical, abstract, and theoretical nature. Many students 

respond better to narrated animations than mathematical proofs and equations, but often, 

instructors are limited to providing static graphs and diagrams [7]. As a result, students 

are left to create their own mental representations of the concepts, which can be 

intimidating. 

 One of the key considerations when designing educational materials, including 

video content, is to balance cognitive load [8]. Cognitive load refers to the amount of 

mental effort required in working memory. To enhance information processing and 

improve learning outcomes, it's crucial to reduce the cognitive burden on working 

memory. Cognitive load theory (CLT) posits that human's working memory has a 

limited capacity for processing information. There are three types of cognitive load in 

learning, that is intrinsic load, extraneous load, and germane load. Details of each type 

of cognitive load can be found in Table 1.3.1.  

Instructional design aims to prevent cognitive overload by managing these loads 

effectively. Well-designed multimedia element can help achieve this goal by presenting 

information in multiple formats, engaging both visual and auditory senses, which can 
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distribute cognitive load across different processing channels. When multiple senses 

are engaged, information retention and understanding can be enhanced. 

 In the context of learning, animated videos can significantly reduce cognitive 

load required to mentally visualize complex 3D objects from 2D representations, 

freeing up mental resources for deeper understanding and concepts. Additionally, 

compared to traditional textbook-based learning, multimedia learning relieves learners 

from spatial-temporal constraints. Multimedia learning is asynchronous, which does 

not require students and instructors to be present at the same time. Therefore, to 

optimize learning experiences, this project proposes the development of tools for LLMs 

to generate educational animations with minimal human intervention. 

Table 1.1.1 Cognitive Load Theory (CLT) 

Types of 

cognitive load 
Definition Load management 

Intrinsic load Inherent difficulty of the topic under 

study, regardless of how it is presented, 

and is under no influence of extraneous 

load and germane load. 

- Break complex 

topics into 

manageable parts 

- Incorporate 

interactive and self-

paced learning 

Extraneous 

load 

Cognitive effort that is ineffective in 

helping the learner accomplish the 

desired learning outcome. This type of 

load results from poorly presented 

lessons but may also result from factors 

like stereotype threat or the imposter 

syndrome 

- Filter out non-

essential tasks 

- Present only 

information that is 

relevant to the 

material 

Germane load Level of cognitive activity and mental 

effort required to use memory and 

intelligence to integrate new information  

- Provide concrete 

visualizations of 

abstract or complex 

concepts 
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1.2 Objectives 

1.2.1 Main Objective 

This project’s primary objective is to develop and integrate animation tools that can 

be controlled by LLMs. The goal is to harness the capabilities of LLMs to create 

animations tailored specifically for educational content in Mathematics. These 

animations will be designed to visualize complex concepts and illustrate step-by-step 

processes in a manner that enhances comprehension and engagement for learners. 

1.2.2 Sub-Objectives 

To achieve the main objective, the project is structured into several sub-objectives. 

First, a modular animation pipeline will be developed to ensure flexibility and 

reusability. This involves designing individual modules for shape transformations, 

motion generation, and scene composition. Each module will have well-defined APIs 

that can be easily interpreted and controlled by an LLM, allowing for a seamless and 

structured animation process. The modular approach will enable customization and 

scalability, making it easier to extend the system with additional features in the future. 

Second, a motion generation system will be implemented to produce smooth 

and natural-looking animations. This system will incorporate algorithms that generate 

fluid motion paths, ensuring visually appealing transitions. A library of common 

animations, including shape transformations, creation, interpolation, and morphing, 

will be developed to provide a foundation for automated animation generation. These 

predefined animations will serve as building blocks, enabling LLMs to generate 

complex animations efficiently. 

Lastly, an application will be developed to demonstrate the capabilities of the 

animation tool. This application will serve as an interface that integrates the modular 

animation pipeline, allowing users to input educational content and natural language 

prompts and receive corresponding animations. By providing an interactive platform, 

the application will showcase the tool's ability to generate high-quality animations in 

an intuitive manner. This will not only validate the system’s effectiveness but also 

provide a user-friendly way for educators and students to create educational animations 

with minimal effort. 
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1.3 Project Scope 

The primary scope of this project is to streamline the creation of educational content, 

particularly within the mathematics discipline. By the end of the project, a tool will be 

developed for Large Language Models (LLMs) to create high quality, resourceful, and 

professional educational animations. To showcase the tool’s capabilities, a web 

application will be created for demonstration. While the application itself will not 

require extensive user interface design, the emphasis will be on ensuring the quality of 

the generated animations. The study intersects multiple domains, including LLMs, 

educational animation, machine learning, and information visualization, computer 

graphics and multimedia processing. 

In addition to these advancements, the project will focus on enhancing the tool's 

efficiency, enabling video generation with minimal resources while achieving high 

accuracy. The focused area will be mathematics, with the objective of developing 

students' mathematical reasoning, problem-solving skills, and foundational knowledge 

for more advanced studies. The main presentation styles will include problem-solving 

tutorials, detailed conceptual explanations, and step-by-step visualizations of processes 

and algorithms. The goal is to help students build a strong understanding of 

mathematical topics like geometry and algebra, giving them a solid foundation for more 

advanced learning. By making the content clear, organized, and engaging, the project 

aims to make mathematics education more effective and easier to access. 
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1.4 Contributions 

The development of AI-powered animation tools has the potential to reshape the 

educational landscape and democratize access to high-quality learning materials. By 

addressing the high costs and technical barriers traditionally associated with animation 

video production, the project empowers educators—especially those outside well-

funded institutions—to create engaging, effective educational content. This shift 

promotes educational equity by enabling more voices to contribute to the global pool 

of learning resources. 

Leveraging the capabilities of LLMs, the system automates complex tasks such as 

scriptwriting, animation, and voice-over generation. This intelligent automation 

reduces the need for specialized technical expertise, making the creation of animated 

videos more accessible and significantly more affordable. Educators can now focus on 

pedagogy and content, while the system handles the production—lowering time, cost, 

and effort. 

By allowing users to describe educational concepts in natural language, the project 

introduces an intuitive interface that simplifies the content creation process. This not 

only enhances user experience but also opens up opportunities for personalized, self-

paced learning—where students can explore challenging topics at their own rhythm, 

reinforcing understanding and long-term retention. 

The project fosters innovation and sustainability in educational technology by 

making animation production scalable and adaptable to a wide range of disciplines and 

audiences. Through automation, accessibility, and intuitive design, it drives forward the 

vision of inclusive and lifelong learning, contributing to a future where high-quality 

education is not limited by resources but expanded by creativity and technology. 
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1.5 Report Organization 

This report is organized into seven chapters: Chapter 1 Introduction, Chapter 2 

Literature Review, Chapter 3 System Methodology and Approach, Chapter 4 System 

Design, Chapter 5 System Implementation, Chapter 6 System Evaluation and 

Discussion, Chapter 7 Conclusion and Recommendation. 

The first chapter introduces the project by outlining the problem statement, 

project background and motivation, scope, objectives, project contribution, highlights 

of achievements, and the overall report organisation. 

The second chapter presents a literature and system review of existing works, 

evaluating their strengths and weaknesses. It also compares these systems with the 

proposed solution, highlighting the shortcomings of prior studies and justifying the 

need for a novel approach. 

The third chapter discusses the system methodology and approach, covering the 

overall system architecture, use case diagrams, and activity diagrams, which together 

provide an understanding of the system flow and functionalities. 

Chapter 4 focuses on system design, detailing the system block diagram, 

component specifications, and system data flow. 

Chapter 5 describes the system implementation, including the hardware and 

software setup, configuration of the development environment, project settings, and 

environment variables. It also includes the system’s end-to-end operation with 

screenshots and discusses the challenges encountered during the implementation phase. 

Chapter 6 evaluates the system through testing and performance metrics, 

presenting test outcomes, discussing challenges faced, and assessing the extent to which 

the project objectives were achieved. 

Finally, Chapter 7 concludes the project with a summary of contributions and 

provides recommendations for possible future improvements. 
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2 Chapter 2 

Literature Review 

This chapter is divided into two sections. Section 2.1 and 2.2 examines existing 

methods and approaches for creating educational video animations. Section 2.3 

evaluates and compares these methods, highlighting their strengths and weaknesses. 

2.1 Literature Review on Previous Works 

2.1.1 Manim Library 

Demonstrating the Potential of Visualization in Education with the Manim Python 

Library: Examples from Algorithms and Data Structures [4] 

The paper covers the design and implementation process of visualizations using the 

Community Manim Python library [11], incorporating feedback and evaluations from 

both students and the instructor. One significant drawback highlighted in the paper is 

that generating new animations in real-time, such as during a live classroom setting, is 

often not feasible due to the rendering process. The slow rendering speeds of Manim 

not only impact its use in live environments but also significantly affect production time. 

Educators and content creators may need to go through several iterations before 

achieving a satisfactory output, which can be time-consuming and frustrating.  

Furthermore, despite its mathematical capabilities, Manim lacks built-in 

functionality specifically tailored for animating common computer science constructs. 

Educators had to create custom implementations for visualizing data structures, such as 

binary trees. While this allows for flexibility, it also means that educators must invest 

significant time in developing the basic building blocks creating more complex 

visualizations related to algorithms and data structures. 

The paper also highlights that while Manim is ideal for fields such as 

mathematics, physics, computer science, data science, economics, and statistics due to 

its mathematical representation capabilities, its complexity can be a barrier for 

educators in other fields. The ability to manipulate animations on the fly and show the 

relativity of topics is a strength, but it comes at the cost of accessibility for those 

unfamiliar with Manim's core concepts. To resolve this issue, the library should be 

further developed to be more accessible to educators who may not have strong 

https://ieeexplore.ieee.org/document/10569661
https://ieeexplore.ieee.org/document/10569661
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backgrounds in mathematics or computer science. This would make the advanced 

features more user-friendly for a broader range of academic disciplines. 

The researchers analysed the effectiveness and usability of the system by 

gathering feedback from two groups of students. Average students found the 

visualizations to be essential to their learning process, as they would otherwise require 

more effort to understand the course material. In contrast, high-achieving students 

acknowledged the usefulness of the visualizations but preferred to draw their own 

visual representations. This suggests that further research may be needed to determine 

how to best serve both groups.  

 

2.1.2 Manim-based EMA System 

Autogeneration of Explanatory Math Animation [12] 

This paper presents a prototype technology for automating the generation of 

Explanatory Math Animations (EMA). The authors highlighted a limitation in digital 

learning, where math teachers often need to create multiple videos for similar types of 

problems. Despite this effort, the videos still fall short of fully covering all the necessary 

material in a lesson. To address this issue, the researchers proposed a prototype that 

incorporates the use of Manim, a Python-based tool, to automate EMA production, 

specifically for K-12 education. The EMA system uses predefined algorithms and 

templates to generate visual explanations and step-by-step solutions based on user 

inputs. The system framework consists of five components: the user interface, database, 

problem classification, problem-solving tool, and explanatory module. The figure 

below shows the system framework design and process flow for EMA auto-generation. 

System inputs are mathematical problems taken from users. Once the system receives 

input questions, it classifies them. Problem-solving tools then take user variables and 

output data required by the explanatory module. The explanatory module is responsible 

for fetching this data and generating detailed explanation text, voice-over and video 

output.  

https://ieeexplore.ieee.org/document/10148360
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Figure 2.1.1 System framework design and process flow for EMA auto-generation 

 

According to their results and conclusions, the auto-generated animations showed 

better quality in dynamic presentations compared to manually created videos. This 

approach is novel and time efficient, also reducing human involvement. However, there 

are still areas for improvement, such as adding more templates and utilising more 

sophisticated machine learning algorithms to classify problems more 

accurately. Furthermore, enhancing the explanatory module to produce dynamic 

templates for different classes of questions would be beneficial. 

 

2.1.3 AAnim Library 

AAnim: An Animation Engine for Visualizing Algorithms and Data Structures for 

Educators [13] 

In this paper, the authors developed a Python library, AAnim based on Manim [11], for 

visualising computer science topics, specifically for data structures and algorithms. 

Their library makes significant improvements by addressing the limitations found in 

both the Manim Library and EMA generation. AAnim allows content creators to 

produce videos without needing specialized expertise or prior knowledge of Manim. 

While earlier approaches required the manual design of data structure layouts, AAnim 

automates this process, dynamically generating the layout based on input data, thereby 

reducing the creators’ workload significantly. The AAnim library takes queries of list 

https://dl.acm.org/doi/10.1145/3545947.3576233
https://dl.acm.org/doi/10.1145/3545947.3576233
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of list of data structures and outputs a video file demonstrating the evolution of data 

structures with its corresponding changes in the algorithm’s pseudocode.  

Figure 2.3.1 below shows a snapshot of one of their videos. A guided 

walkthrough of the pseudocodes line by line helps viewers visualise each step in the 

data structure depicted on the right. However, one downside of their implementation is 

the lack of voice-over. All explanations are provided solely through animation. This 

absence can make it more challenging for some viewers to fully grasp the concepts, as 

they may find it harder to follow along without an audio narration to complement the 

visual elements. Incorporating a voice-over component would make the explanation 

more comprehensive and easier to follow, especially for viewers who may struggle with 

reading the text quickly or interpreting the animated pseudocode walkthrough. 

 

 

Figure 2.1.2 Walkthrough of pseudocode with visualizations of the data structure [14] 

 

While the AAnim library solves some significant limitations of previous works, 

it has its own drawbacks in live environments. The time-consuming rendering process 

also slows down content creation, as users often need multiple attempts to achieve the 

desired results. Adding a quick-view feature to the Manim tool could help address these 

issues. This feature would let users see a draft of their animation immediately, enabling 

them to make changes and improvements more quickly without having to wait for the 

entire animation to finish rendering [13]. 
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2.1.4 dsDraw 

dsDraw: Programmable Animations and Animated Programs [5] 

In this paper, the authors introduced dsDraw, which is a lightweight web-based tool 

designed for instructors to create whiteboard-style animated lectures with synchronized 

voice narration. It uses a C-like programming syntax to create high-quality 

visualisations. Users can generate graphics via mouse, keyboard, or console commands 

allowing them to produce animations using pre-built tools and eliminating the need for 

manual coding. This makes the application more user-friendly as compared to previous 

approaches. The resulting videos are exportable to common formats. 

The main motivation behind dsDraw is to address limitations in some of the most 

common web-based tools for creating lecture content. Other web-based tools such as 

LectureScribe [15], VisuAlgo [16], and Algorithm Visualizer [17] are limited to 

predefined data structures. In contrast, dsDraw is more powerful and flexible, capable 

of creating animations of arbitrary complexity. Key features of dsDraw include built-

in functions to enhance the editing workflow, a program trace feature for step-by-step 

execution, a variable view to display current memory state, and audio recording 

functionality. dsDraw also offers great control over the animations. For example, the 

“wait” and “interpolate” commands can be used to align narration with animation. 

Despite being powerful and intuitive, the video animation creation process isn't fully 

automated. It requires thoughtful input and dedication to produce effective educational 

content. To resolve this limitation, several future improvements could be considered. 

Introducing features like template-based animation generation or AI-assisted animation 

creation would streamline the process, thus increasing automation.  

https://dl.acm.org/doi/10.1145/3374135.3385292


Chapter 2 

14 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 

2.2 Review of the Existing Systems/Applications 

2.2.1 MathMatrixMovies  

MathMatrixMovies [18] is an AI-powered tool designed to create personalized, 

animated math explainer videos based on simple text prompts. It leverages Google's 

Gemini Pro 1.5 language model and Manim, a popular math animation library, to break 

down complex mathematical concepts into engaging visual content. The creators use 

the Manim Voiceover plugin along with the Azure Text-to-Speech (TTS) service to 

generate narrations. Users can input a prompt, select an age range reflecting the 

educational level, for example preschool to graduate students, and choose preferred 

languages like English, Spanish, Hindi, or Tamil. This makes math more accessible and 

tailored to various learning levels. The figure below shows a workflow of how math 

questions is turned into educational videos. 

 

 

Figure 2.2.1 User workflow from prompt to video 

 

First, the user inputs a math problem, and the system calls Gemini Pro with a predefined 

prompt format. The model then generates Manim code which is processed by the LLM. 

However, one limitation is that the Manim code may not compile successfully, 

requiring the LLM to be re-prompted along with the error text for further attempts. The 

number of retries can go up to eight times. Subsequently, two videos are created, which 

are the initial video and the final video. After the initial video is produced, it is presented 

to the user via the frontend, while in the background, the video is divided into 30 

keyframes. Gemini is then used to iterate on the video to enhance quality. The need for 

iterations and repeated passes in generating videos with MathMatrixMovies indicates 

that the initial outputs may not always be reliable or consistent. This poses a limitation 

in real-world applications, leading to increased computational costs, as each retry 
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demands further processing. This may also introduce challenges for users without 

access to high-end hardware or sufficient cloud resources. 

To mitigate the issues related to retries and computational costs, several 

approaches could be explored. Firstly, improving the initial accuracy of the LLM when 

generating Manim code would reduce the need for repeated passes. This could be 

achieved by integrating more robust error-handling mechanisms directly into the LLM, 

ensuring that common errors in Manim code are anticipated and corrected before they 

occur. 

Another solution is to introduce pre-compilation validation, where the system 

checks for basic errors before running the full Manim rendering. This would catch 

obvious mistakes early, reducing the need for complete retries. 
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2.2.2 Algorithm Visualizer   

Algorithm Visualizer [17] is a web-based tool developed by a community of 

contributors, led by "thomasthomas882" on GitHub. This open-source project aims to 

help users better understand algorithms, particularly sorting, searching and graph 

traversal algorithms, through interactive visualizations. The platform allows users to 

visualize these algorithms step-by-step in real time, either with randomly generated data 

or by inputting their own data. Users can modify parameters to explore different 

outcomes, enhancing their learning experience. Many other tools, like Sorting 

Algorithms Animations [19], only work with predefined data, which limits flexibility 

in experimentation. 

Compared to static animated videos, the interactive nature of Algorithm 

Visualizer fosters active learning. Users have complete control over the material, such 

as stepping through each phase of the algorithm at their own pace. This promotes deeper 

engagement and leads to better retention and understanding. The tool also encourages 

hands-on experimentation, as users can input custom data to explore various scenarios 

and observe how different inputs impact outcomes. This hands-on approach fosters 

curiosity and critical thinking, making it more effective than passive video-based 

learning, which can be presentation-heavy. 

Figure 2.2.1 shows the interface of Algorithm Visualizer solving a binary search 

problem. The right-hand panel displays the underlying code for the visualized algorithm, 

assisting users in linking the visual demonstration to the actual code implementation. 

Additionally, users can modify the code, adjust dataset parameters, and explore the 

inner workings of the algorithm. The tool also provides logging features, which 

chronologically record actions during the algorithm's execution. This helps users 

understand the intermediate steps and decisions the algorithm makes, offering valuable 

insights into its logic and data processing. 
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Figure 2.2.2 Interface of binary search algorithm in Algorithm Visualizer 

 

One of the key strengths of Algorithm Visualizer is its ability to break down complex 

algorithms into manageable, atomic steps, making it easier for users to grasp 

fundamental concepts. The tool’s real-time interactivity and customizable features 

allow users to experiment freely, deepening their comprehension. Additionally, the 

built-in code editor connects the visualization to the actual implementation, making it 

an excellent resource for learning both theory and coding. 

However, the tool has some limitations. For users unfamiliar with algorithm 

theory or coding, the learning curve can be steep, especially when it comes to modifying 

the underlying code or parameters. The scope of the tool is also somewhat limited to 

fundamental algorithms, which may not fully address the needs of advanced learners 

looking for more complex or specialized algorithms. To address these limitations, 

LLMs offer a powerful solution by simplifying the visualization process without 

requiring users to deal with any code. Over time, as LLMs evolve, they can also expand 

to cover a wider range of algorithms, including more advanced and specialized ones, 

ensuring that both beginners and advanced learners benefit from the video.  
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2.3 Summary of the Existing Systems 

Table 2.3.1 Comparison between methods used in previous works 

Method Strengths Limitations 

Manim 1. Provides great flexibility for 

the creation of complex 

visualizations in various fields 

1. Slow rendering speeds for 

real-time animation generation. 

2. Lack of built-in functionality 

for common constructs  

3. Too complex for educators 

outside of the animation field. 

Manim-Based 

EMA System 

1. Minimal human involvement 

2. Offers high-quality, dynamic 

presentations. 

3. Time-efficient and suitable 

for producing educational 

content at scale. 

1. Lacks templates and uses 

basic algorithms for problem 

classification 

2. Limited customization 

options for different types of 

questions 

AAnim Library 1. Reduces workload on 

content creators by automating 

layout design and generating 

high-quality visualizations 

1. Lacks voice-over 

functionality 

2. Slow rendering process 

hinders its use in live 

environments 

dsDraw 1.  Accessible to users without 

coding skills 

2. user-friendly with all 

essential features 

3. Provides great control over 

animations, allowing highly 

customized and complex 

visualizations. 

1. The animation creation 

process is not fully automated, 

requiring significant user input 

and dedication to produce 

effective educational content. 

MathMatrixMov

ies 

1. Automates creation of 

explainer videos from text 

input. 

2. Supports multiple languages 

1. Requires iterations for error 

handling, slowing down the 

process. 

2. High computational costs 
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and different educational 

levels. 

3. Interactive and 

customizable. 

Algorithm 

Visualizer 

1. Offers interactive, real-time 

visualization of various 

algorithms. 

2. Highly customizable  

3. Connects visual 

representation directly to the 

underlying code 

1. Limited to fundamental 

algorithms, lacking coverage of 

more complex or advanced 

algorithms. 

2. Lacks voice-over 

functionality 

 

In summary, slow rendering times are a common limitation across tools that utilize 

Manim which are EMA system, AAnim Library, and Community Manim Library, 

impacting their use in live environments and overall production speed. On the other 

hand, dsDraw and AAnim are designed to be more accessible and user-friendly, which 

requires less technical expertise to manipulate. 

Meanwhile, Algorithm Visualizer excels in interactive, real-time visualizations 

of algorithms, making it highly customizable. However, its limitations to fundamental 

algorithms and lack of voice-over functionality restrict its scope for more complex 

educational content. MathMatrixMovies, while automating the creation of explainer 

videos and supporting multiple languages and educational levels, faces challenges 

related to multiple retries for error handling in the Manim code generation process. This 

increases the computational costs and slows down video production, making it difficult 

for users with limited hardware to use efficiently. Despite these drawbacks, it stands 

out for its interactive and customizable nature, tailored to various learning levels and 

languages. 
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2.4 Proposed Solution 

To address the limitations observed in existing tools such as Manim-based systems, 

Algorithm Visualizer, and MathMatrixMovies, this project proposes a lightweight, 

browser-based animation generation system powered by GPT-4 and a custom 

TypeScript animation library. Unlike traditional Manim workflows that require slow 

Python-based rendering and high computational resources, this solution enables real-

time animation directly on the web using HTML5 Canvas.  

By leveraging GPT-4o for natural language prompt interpretation and script 

generation, the system lowers the technical barrier for content creation and reduces 

manual effort. This can be done through the concept of Animation-as-Code, where 

animations are defined and controlled through programming scripts rather than visual 

interfaces. Beyond precision and reusability, this paradigm offers a critical advantage 

for integration with LLMs. Since LLMs are naturally adept at generating structured 

code-like text, they can easily produce animation scripts following a predefined 

domain-specific language (DSL). This eliminates the barrier of GUI-based tools, 

enabling automated and scalable animation generation directly from user prompts. 

Voice narration is integrated using Google Text-to-Speech (gTTS), offering an 

end-to-end solution for generating explainer videos with synchronized audio. The 

custom animation library supports core primitives (e.g., shapes, text, motion, transitions) 

and is optimized for live rendering without external dependencies or plugins. This 

design ensures accessibility, fast production, and compatibility across devices, making 

the system suitable for educators, students, and content creators working with limited 

hardware or technical skills. Details of the proposed method will be discussed in 

Chapter 3. 
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3 Chapter 3 

System Methodology and Approach 

This section provides an in-depth look into the tools involved, methods and 

technologies used in the project, covering design specifications, and the project 

workflow. 

 

 

3.1 System Design Overview 

This system is designed to transform static educational content, such as textbooks, into 

dynamic, web-based animated videos using a Retrieval-Augmented Generation (RAG) 

architecture. It consists of two main pipelines, the Preprocessing Pipeline and the 

Query and Generation Pipeline as shown in Figure 3.1.1 below.  

 

Knowledge Base and Retrieval Pipeline 

The knowledge base and retrieval pipeline is responsible for ingesting and preparing 

raw learning materials in PDF format. This process involves cleaning mathematical 

expressions, removing headers, footers, and discarding irrelevant sections such as the 

preface. The cleaned content is then segmented into smaller, manageable chunks, such 

as chapters or sections to accommodate the token limitations of large language models 

(LLMs). These chunks are embedded into vector representations using OpenAI’s text-

embedding-3-small model. The resulting embeddings are stored in a Pinecone vector 

database, which functions as the LLM’s long-term memory. At runtime, the database 

is queried to retrieve the most semantically relevant chunks in response to a user prompt. 

These retrieved contexts are passed to the LLM, enabling it to generate a tailored 

animation script grounded in the original textbook content. 
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Query and Generation Pipeline 

The query and generation pipeline begins when a user submits a prompt (e.g., "Explain 

the Fibonacci sequence") through the user interface. The prompt is first converted into 

a vector embedding using the same model previously applied to the learning materials. 

The resulting vector is used to query the Pinecone vector database, retrieving the top N 

most semantically relevant content chunks. These chunks provide contextual 

information for the LLM. The LLM processes this context along with the original 

prompt and uses a custom animation library API to generate an animation script.  

The LLM processes this context along with the original prompt and produces two 

synchronized outputs: 

1. An animation script, expressed in a custom domain-specific language (DSL). 

This DSL, implemented in TypeScript, abstracts low-level animation logic and 

enforces structural constraints such as unique object identifiers and strict 

syntax rules. The final script is rendered using a web-based canvas renderer, 

producing an animation that visually explains the concept described in the 

user’s prompt. 

2. A narration script, written as natural language text that complements the 

visual explanation. This narration script is passed to a text-to-speech (TTS) 

engine, which converts it into audio voice-over. 

By generating both the animation and narration in parallel, the pipeline ensures that the 

final output is a cohesive, synchronized multimedia explanation. 
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Figure 3.1.1  RAG-based Educational Animation Generation Pipeline 
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3.1.1 System Architecture Diagram 

 

Figure 3.1.2 System Architecture Diagram 

 

The proposed system architecture automatically generates animated educational videos 

from a high-level user prompt by integrating RAG, a domain-specific language (DSL), 

and text-to-speech (TTS) technologies. 

The workflow begins when users input two things: learning material and a 

follow-up prompt. The learning material act as the learning content corpus and is pre-

processed into vector embeddings, which are stored in a vector database. These 
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embeddings enable efficient retrieval of semantically relevant content in response to 

user queries. 

When a user submits a prompt, it is converted into a query embedding using the 

same embedding model and compared against the stored embeddings in the vector 

database. This process retrieves the top-N most semantically similar chunks of content 

from the corpus, ensuring that the generated output is grounded in accurate and 

contextually relevant knowledge. The retrieved context and the user’s prompt are then 

inserted into a crafted prompt template then passed to the generation model.  

The generation model produces a DSL script which contains both animation 

instructions and narration text. The DSL is specifically designed for educational content, 

allowing high-level concepts to be translated into precise visual and spoken 

explanations.  

From here, the DSL script branches into two parallel processes. On one side, it 

is translated into a low-level TypeScript animation script, executed by the web-based 

animation engine to render shapes, movements, and transitions directly in the browser. 

On the other side, the narration text is converted into speech using a TTS engine. Finally, 

the animation and narration are synchronized to create a cohesive educational video. 

By combining semantic retrieval, LLM-based generation, a purpose-built DSL, 

and a custom TypeScript rendering library, this architecture provides a complete 

pipeline for transforming textual prompts into engaging educational animations. 

Together, the DSL and the TypeScript animation library form the core innovations of 

the system: one bridges natural language and animation logic, while the other enables 

accessible, web-based execution of educational animations.  
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3.1.2 Methodologies and General Work Procedures 

This project follows an iterative and incremental development methodology, 

allowing continuous improvement and refinement of the system components based on 

early feedback and testing outcomes. The development process was divided into 

distinct phases: requirements gathering, design specification, system implementation, 

testing, and refinement. 

Firstly, initial requirements and objectives were defined through literature 

reviews and analysis of existing tools such as Manim, Algorithm Visualizer, and 

MathMatrixMovies. The system was then built incrementally, starting with the core 

animation engine in TypeScript and HTML5 Canvas, followed by integration with 

GPT-4 for prompt processing and gTTS for voice synthesis. 

Each module was developed and tested individually before being integrated into 

the main application. Continuous testing was carried out after each feature 

implementation to ensure correctness, performance, and usability. Manual and 

functional testing methods were applied, with feedback incorporated throughout the 

development cycle. 

Besides, version control was maintained using Git, and VS Code served as the 

primary local development environment. This methodology ensured the project stays 

aligned with its goals while remaining adaptable to evolving requirements or technical 

challenges. 

 

Figure 3.1.3 Iterative development model 
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3.1.3 Use Case Diagram 

 

Figure 3.1.4 Overall Use Case Diagram of Automated Educational Video System 
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3.1.4 Use Case Description 

3.1.3.1 Use Case Description for Submit Learning Material 

Use Case ID UC001 Version 1.0 

Use Case Submit Learning Material 

Purpose To allow the user to provide a knowledge corpus that the system 

will preprocess and store for later retrieval when generating 

educational animations. 

Actor User  

Trigger The user uploads learning material into the system interface. 

Precondition • The system is running and connected to the internet. 

Scenario Name Step Action 

Main Flow 

  

  

  

1 The user selects the option to upload or input learning 

material (optional). 

2 The system accepts the learning material in PDF format. 

3 The system processes the material, splitting it into 

manageable chunks. 

4 The system generates embeddings for each chunk using 

the embedding model. 

5 The embeddings and their corresponding text segments 

are stored in the vector database. 

6 The system confirms that the learning material has been 

successfully processed and stored. 

Alternate Flow 

A1 - Empty 

Content 

1.1 The user uploads empty content. 

1.2 The system notifies the user and cancels processing. 

Alternate Flow 

A2 – Invalid 

Format 

2.1 The user upload material in an unsupported format. 

2.2 The system prompts the user to re-upload in a valid 

format. 

Rules • Only text-based documents are supported 

• Duplicate uploads overwrite existing stored content unless 

explicitly renamed. 

Author Elaine Chung Hui Lin 

Table 3.1.1 Use Case Description for Submit Learning Material 
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3.1.3.2 Use Case Description for Submit Prompt 

Use Case ID UC002 Version 1.0 

Use Case Submit Prompt 

Purpose To allow the user to request an educational animation. 

Actor User  

Trigger The user enters a prompt into the system interface and clicks 

Submit. 

Precondition • The user has already submitted the learning material (corpus). 

• The system has generated and stored embeddings for the 

learning material. 

Scenario 

Name 

Step Action 

Main Flow 

  

  

  

1 The user types a prompt. 

2 The user clicks “Submit”. 

3 The system accepts the prompt text. 

4 The system generates a query embedding from the submitted 

prompt. 

5 The query embedding is compared with the vector database. 

6 The system retrieves semantically relevant content from the 

corpus. 

7 The system passes the prompt and retrieved content to the 

generation model. 

8 The system produces a DSL script containing animation 

instructions and narration text. 

Alternate 

Flow A1 – 

Invalid 

Prompt 

2.1 User submits an empty or invalid prompt. 

2.2 The system requests the user to re-enter the prompt. 

Alternate 

Flow A2 – 

System Error 

5.1 The system fails to connect to the vector database. 

5.2 The system displays error messages and logs the error. 

Alternate 

Flow A3 – 

LLM Error 

8.1 The LLM fails to generate a DSL script. 

8.2 The system displays error messages and logs the error. 

Rules • A prompt must contain at least one non-empty, valid textual 

input. 

Author Elaine Chung Hui Lin 

Table 3.1.2 Use Case Description for Submit Prompt 
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3.1.3.3 Use Case Description for View Generated Animations 

Use Case ID UC003 Version 1.0 

Use Case View Generated Animations 

Purpose To allow the user to view the final synchronized animation and 

narration generated by the system. 

Actor User  

Trigger The system has successfully generated both the animation and 

narration and makes them available for playback. 

Precondition • The animation script does not contain parse error. 

• The video rendering module is available and functional. 

• The system has generated and synchronized the animation and 

narration. 

Scenario 

Name 

Step Action 

Main Flow 

  

  

1 The system notifies the user that the generated animation is 

ready. 

2 The user clicks the button “Play”. 

3 The system loads the generated video and narration track 

into the playback interface. 

4 The system synchronizes narration with the visual 

animation timeline. 

5 The system renders and displays an animation playback 

interface. 

6 The user views the generated animation with narration. 

Alternate 

Flow A1 – 

Playback 

Error  

5.1 Playback fails due to rendering or network issue. 

5.2 The system displays an error message. 

5.3 Redirect to main flow step 2. 

Rules • The output must only include content generated from the user-

supplied prompt and corpus. 

Author Elaine Chung Hui Lin 

Table 3.1.3 Use Case Description for View Generated Animations 
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3.1.3.4 Use Case Description for Edit DSL Script 

Use Case ID UC004 Version 1.0 

Use Case Edit DSL Script 

Purpose To allow the user to review and correct the generated DSL script. 

Actor User  

Trigger The user chooses to manually refine the script. 

Precondition • The Monaco editor is available and functional. 

• The system has generated a DSL script. 

Scenario 

Name 

Step Action 

Main Flow 

  

  

1 The user navigates to the “Editor Page”. 

2 The system automatically loads the generated DSL script 

into the Monaco editor. 

3 The user reviews and edits the DSL script as needed. 

4 The system validates the DSL syntax. 

5 The system translates the DSL script into TypeScript code. 

6 The system displays the corresponding TypeScript code. 

7 The user proceeds to animation rendering (UC003). 

Sub Flow A1 

– Validate 

DSL 

4.1 If valid, the system translates the DSL script into it’s 

corresponding TypeScript code. 

4.2 If invalid, the system displays an error message “Parse 

failed” with error line number. 

4.3 The user modifies the DSL manually to fix the error. 

4.4 Redirect to main flow step 4. 

Rules • The translated TypeScript code is read-only and intended for 

reference only. 

• Only valid DSL syntax may be submitted for translation. 

Author Elaine Chung Hui Lin 

Table 3.1.4 Use Case Description for Edit DSL Script 
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3.1.5 Activity Diagram 

3.1.4.1 Activity Diagram for UC001 

 

Figure 3.1.5 Activity Diagram for UC001: Submit Learning Material 
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3.1.4.2 Activity Diagram for UC002 

 

Figure 3.1.6 Activity Diagram for UC002: Submit Prompt 
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3.1.4.3 Activity Diagram for UC003 

 

Figure 3.1.7 Activity Diagram for UC003: View Generated Animations 
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 3.1.4.4 Activity Diagram for UC004 

 

Figure 3.1.8 Activity Diagram for UC004: Edit DSL Script 
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3.1.6 Verification Plan 

The accuracy of generated animations can be accessed by evaluating the degree to 

which generated animation scripts adhere to the syntax, semantics, and animation logic 

defined. Ideally, the system should achieve the shortest possible processing and 

response time while maintaining an elevated level of accuracy. 

Another key performance indicator is system responsiveness, measured by the 

time taken from prompt submission to video playback on web browsers. Faster 

processing enhances the user experience, particularly for educational settings where 

quick feedback is valuable. This includes evaluating both the LLM’s response latency 

and the time taken for the script to be rendered into an animation on the canvas. 

Optimizing this metric ensures that the system remains viable for interactive use. 

The system will be tested using a variety of prompt types, ranging from simple 

to complex. Simple prompts involve basic shape manipulations (e.g., “Draw a 

triangle”), while moderate prompts involve structured concepts (e.g., “Illustrate the area 

of a circle”), and complex prompts encapsulate abstract or multi-step topics (e.g., 

“Explain the Fibonacci sequence using recursion”). This variation allows for 

comprehensive assessment of the model's capabilities across different levels of 

instructional complexity. 

Verification will focus on multiple aspects. First, syntax validation ensures that 

the generated code conforms to the expected structure and language rules of the custom 

animation library. Second, semantic validation checks whether the generated code 

logically represents the user’s intent and uses the correct properties, functions, and 

animation patterns. For instance, prompts requiring concurrent motion will be evaluated 

to confirm whether parallel animation calls are correctly implemented. 
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3.2 System Design 

This system transforms traditional educational content such as textbooks into animated 

educational presentations using a pipeline that combines preprocessing, vector 

database, an LLM, and a custom animation rendering engine. A user provides a natural 

language prompt, and the system outputs an educational animation rendered on a web-

based canvas. 

 

Learning Material Processor 

The raw learning material, in PDF format, undergoes preprocessing to clean and 

normalize the text. This includes removing noise such as headers, footers, inconsistent 

mathematical markup, and non-content sections like the prefaces. The cleaned content 

is then divided into topic-based segments or “chunks” to fit within the context window 

of LLMs. Each chunk is embedded into a dense vector representation using a pre-

trained embedding model. 

Vector Database 

The system uses Pinecone, an open-source vector database, to store and manage these 

embeddings along with their associated metadata, including topic and section. At 

runtime, this database enables semantic retrieval of the most relevant content chunks in 

response to user queries. 

Query and Retrieval 

When a user submits a prompt, it is embedded into a vector using the same embedding 

model. This query vector is used to retrieve the top N semantically similar chunks from 

the vector database. These retrieved chunks provide the contextual grounding for the 

LLM’s response. 

LLM Reasoning Core 

The LLM synthesizes an animation script using the retrieved contextual information. It 

generates structured animation instructions via a custom animation library API 

designed to be both semantically meaningful and programmatically valid. 
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Animation Library API  

The animation library implemented in TypeScript, provides a set of programmable 

functions for visual elements (e.g., create, move, fadeIn, scale) for visual elements. A 

domain-specific language (DSL) acts as an abstraction layer between the LLM and the 

animation engine, allowing the LLM to produce precise and valid animation 

instructions. This DSL enforces constraints, such as requiring each visual object to have 

a unique ID, ensuring structured and predictable output behaviour and rendering 

consistency. 

Animation DSL Syntax 

The DSL follows a lexical note defined as follows: 

Colors: red, green, blue, yellow, brown, black, white, orange, purple 

IDs: must start with a letter/underscore, can contain letters, numbers, underscores 

Numbers: integers or floats (e.g., 10, -3.5) 

The DSL scripts consist of statements executed sequentially unless explicitly grouped 

for parallel execution. Statements are the fundamental units of the DSL, and each 

statement belongs to one of the following categories: 

1. Shape Definition 

Shapes are assigned an unique identifier (ID) upon creation just like how the naming 

of a variable is unique in a program. These identifiers are used later in group 

definitions and animation statements. The syntax is show as below: 

Shape Syntax 

circle <id> = circle at (<x>, <y>) radius <number> [color <color>] 

dot <id> = rectangle at (<x>, <y>) width <number> height <number> [color 

<color>] 

square <id> = square at (<x>, <y>) size <number> [color <color>] 

triangle <id> = triangle at (<x>, <y>) radius <number> [color <color>] 

line <id> = line (<x1>, <y1>) to (<x2>, <y2>) [color <color>] 

text <id> = text "<string>" at (<x>, <y>) [size <number>] [color <color>] 
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2. Group Definition 

Groups allow multiple shapes to be animated and manipulated together. The syntax to 

define a group is as follows: 

<id> = group { <id1>, <id2>, ... } 

3. Animation Command 

Animations define transformations or effects applied to shapes or groups. 

Durations are optional. If omitted, default timing is used. 

Command Syntax 

move move <id> to (<x>, <y>) [over <seconds>s] 

fade in fadeIn <id> [over <seconds>s] 

fade out fadeOut <id> [over <seconds>s] 

scale scale <id> to <factor> [over <seconds>s] 

rotate rotate <id> by <degrees> [around (<x>, <y>)] [over <seconds>s] 

 

4. Block Command (parallel execution) 

Parallel execution of multiple statements: 

parallel { 

    animation command 

} 

 

5. Sleep Command 

Pause execution for a specified number of seconds: 

sleep <seconds>s 
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6. Narration Command (TTS) 

Narration is expressed as inline comments beginning with “TTS:”. They are parsed 

separately and converted into audio narration by the narration engine. 

TTS: <text> 

To enable reliable interpretation and execution of the DSL, the system incorporates a 

formal language processing pipeline composed of the following components. The 

parser gets tokens from the lexer and then returns the generated AST for the interpreter 

to traverse and interpret the input. 

 

Figure 3.2.1 DSL Processing Pipeline 

First, the DSL entry is broken into tokens like keywords, identifiers, coordinates, 

timestamps. Then, a lexer categorizes character streams into token classes, for example, 

identifier, number, string, symbol and timecode. The output is then passed to a parser 

which will then analyse the token stream based on a defined grammar, it verifies 

whether the input conforms to the DSL’s rules and builds a parse tree (concrete syntax 

tree), which reflects the nested structure of each animation instruction. The parse tree 

is then transformed into an Abstract Syntax Tree (AST) which is a simplified, program-

friendly representation of the instruction. This AST serves as the central structure for 

further semantic validation and execution. The AST is converted into an intermediate 

representation (IR) tailored to the animation engine. This IR abstracts higher-level 

commands into engine-specific API calls, decoupling the DSL structure from the 

runtime logic. 

Web Canvas Renderer 

This is a browser-based rendering engine that interprets the animation script and 

displays the resulting animation in real-time on an HTML canvas. 
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3.2.1 Sequence Diagram 

 

Figure 3.2.2 Sequence Diagram of End-to-End Educational Animation Pipeline 

 

3.2.2 Class Diagram 

 

Figure 3.2.3 Class diagram of custom TypeScript animation library 
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From the above class diagram, the core of the design is the Drawable abstract class, 

which defines common properties such as visibility, opacity, and z-index, along with 

methods for rendering and applying fade in and out effects. The Shape abstract class 

extends Drawable and introduces geometric attributes such as position, rotation, color, 

and fill state, along with transformation methods (move, scale, rotate, and setPosition). 

This layered abstraction enforces consistency while allowing specialization for 

different graphical primitives. 

Concrete shape classes include Circle, Rectangle, Triangle, Line, and Text. Each class 

introduces parameters specific to its geometry, such as radius for circles, width and 

height for rectangles, or endpoints and thickness for lines. Specialized variations like 

Dot extend Circle with text labeling, demonstrating the extensibility of the framework. 

These shapes can be independently animated or grouped together to form composite 

objects, enabling complex and coordinated animations. 

Supporting infrastructure is provided by the CanvasRenderer, which is responsible for 

sorting shapes by z-index and rendering them on the HTML canvas. The Animator class 

manages the animation frame loop, starting and stopping playback to ensure smooth 

execution of time-based transformations. Additionally, the Grid class provides a 

structured background, configurable by width, height, cell size, and axis display 

options, supporting visual clarity for mathematical and geometric animations.  
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3.3 Challenges in LLM-Based Animation 

3.3.1 Ensuring Accuracy 

One of the key implementation challenges in this project lies in the reliance on LLMs 

to interpret and generate educational content. While LLMs are highly effective at 

producing coherent and relevant explanations, they may overlook nuanced 

mathematical details or struggle with advanced topics that require precision and formal 

rigor. This limitation introduces a risk of generating content that is either oversimplified 

or inaccurate, especially when dealing with spatial reasoning, complex formulas, 

mathematical proofs, or algorithmic processes. Therefore, ensuring math correctness 

and logic requires careful prompt engineering which adds additional layers of 

complexity to the system. Expert oversight is necessary, with educators and subject-

matter experts validating the content for both pedagogical and factual accuracy. 

 

3.3.2 High Computational Demand 

Another significant challenge is the cost and performance trade-off when using paid 

APIs, particularly for processing large volumes of text such as an entire mathematics 

textbook. Parsing and summarizing hundreds of pages using GPT-4o can incur high 

API costs, contradicting the project's aim of delivering a cost-effective solution for 

educational content creation. Rendering complex animations requires significant 

processing power, further increasing computational load. Moreover, API rate limits and 

long processing times make it impractical to rely solely on external services for bulk 

content processing. These constraints necessitate optimization strategies, such as 

extracting only relevant sections on demand or exploring lightweight local alternatives. 

In short, balancing functionality, speed, and affordability remains a core challenge in 

implementing the system efficiently.  
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4 Chapter 4 

System Design 

This section outlines the preliminary work done and results according to the proposed 

method in Chapter 3. The feasibility of the project is highlighted with implementation 

details. At this stage of the project, the system implements the workflow starting from 

a user prompt to the generation of web-based canvas animation, omitting the 

preprocessing and vector retrieval components. 

 

4.1 System Block Diagram 

The system block diagram illustrates the overall structure and interaction between the 

key components within the application. It outlines the flow of data and the connection 

between the user interface and logic processing layer. 

 

Figure 4.1.1 System Block Diagram 
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4.2 System Components Specifications 

4.2.1 Input Handling 

The Input Handling component manages all user-provided data, including the learning 

material and follow-up prompt. Learning material serves as the knowledge corpus and 

is pre-processed into vector embeddings for semantic retrieval, while the user prompt 

specifies the topic or concept to be explained. This component ensures that both inputs 

are properly validated and formatted before being passed to RAG module. By 

efficiently managing and organizing these inputs, the system guarantees that 

subsequent processes, including context retrieval and LLM-based script generation, 

receive accurate and structured data for producing educational videos. 

 

4.2.2 RAG Module 

The RAG module integrates external knowledge from the learning material into the 

LLM to ensure that generated content is accurate, syllabus-aligned, and contextually 

relevant. LLMs alone have limitations, including knowledge cut-off dates, lack of 

access to domain-specific textbooks, and a finite context window that prevents 

processing large learning materials in a single prompt. Without grounding, LLMs may 

hallucinate or produce explanations that deviate from the intended curriculum. The 

RAG approach overcomes these challenges by indexing the learning material as vector 

embeddings, retrieving the top-N semantically relevant segments in response to a user 

query, and conditioning the LLM’s output on these segments. This ensures that the 

generated animations and narration are factually correct, aligned with the syllabus, and 

grounded in authoritative sources. 

 

4.2.3 LLM Query Model 

The LLM Query Model is responsible for generating both the visual and narration 

components of the educational video. It receives a structured prompt containing the 

user query and context retrieved by the RAG module. In FYP1, multiple LLMs were 

experimented with, including OpenAI GPT-4o, GPT-4.1, Meta-Llama-4-17B-16E-

Instruct, and DeepSeek models, to study output quality and behavior. In the current 

phase (FYP2), the system primarily relies on OpenAI GPT-4o due to its superior 
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reasoning capabilities, large context window, reliable adherence to structured prompts, 

and high-quality code generation, which are essential for producing accurate and 

executable TypeScript DSL scripts. 

A system prompt is used to define the model’s behaviour, responsibilities, and 

output format. It specifies the animation library’s available shapes, creation syntax, 

supported animation methods, and sequencing rules, ensuring that the LLM produces 

coherent, executable scripts compatible with the Animation Engine. The LLM outputs 

two components: a DSL script describing the animation sequence and a narration 

script for spoken explanations. By combining GPT-4o’s capabilities with a structured 

system prompt, the module ensures consistent, accurate, and syllabus-aligned 

educational content suitable for automated video generation. 

 

4.2.4 Animation Engine 

The Animation Engine is implemented as a TypeScript library and serves as the core 

module responsible for rendering the visual content of the educational video. It adopts 

an object-oriented programming (OOP) design, encapsulating graphical and animation 

logic into a hierarchy of reusable classes. The class diagram of the library can be found 

in Section 3.2.3. The DSL script generated by the LLM is parsed and interpreted into 

concrete operations that act on these objects, translating them from high-level 

animation instructions to low-level rendering commands. 

A parser interprets the DSL script generated by the LLM, converting high-level 

animation commands into executable operations on shapes, text, and groups. The 

library supports fundamental shapes such as circles, rectangles, triangles, and text 

objects, as well as animation methods including drawing, moving, scaling, fading, and 

grouping. Grouping mechanisms allow multiple shapes to be manipulated together, 

enabling complex coordinated animations. Figure 3.2.3 shows the class structure of this 

library, illustrating the main shapes, animator classes, and grouping mechanisms. By 

providing a structured and modular API, the animation engine ensures that visual 

content is rendered accurately and efficiently according to the specifications defined in 

the DSL script. 
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4.2.5 TTS Engine 

The system uses the Google Text-to-Speech (gTTS) SDK for Node.js. The TTS Engine 

converts the narration script generated by the LLM into audio files, providing a spoken 

explanation that complements the animated visuals. This allows the final video output 

to include synchronized narration. The TTS Engine is invoked in the dslController 

immediately after DSL processing. The returned audio file list is passed to the Video 

Composition module, where it is synchronized with the rendered animation to produce 

the final educational video. 

• Input: An array of narration strings extracted from the DSL output 

• Output: Corresponding .mp3 audio files, each representing a segment of narration 

 

4.2.6 Video Composition and Playback 

The Video Composition and Playback component integrates the outputs of the 

Animation Engine and the TTS Engine to produce the final educational animation on 

HTML5 Canvas. It synchronizes animation frames with audio narration, ensuring 

smooth playback and coherent timing. To control sequential execution of scenes, 

generated animation logic is wrapped in async Immediately Invoked Function 

Expressions (IIFE), allowing the use of await and short pauses to create smooth scenic 

transitions. On the other hand, canvas rendering performance is optimized using 

requestAnimationFrame, maintaining approximately 60 frames per second. Supporting 

utility functions, such as timing and interpolation helpers, ensure consistent animation 

behavior, while the coordinate system uses a top-left origin (0,0) with pixel-based 

measurements, optionally scalable for different screen sizes. A debug mode is also 

provided to visualize shape boundaries and coordinate grids during development, 

facilitating efficient testing and verification of animation sequences. By combining 

performance optimization, timing utilities, and careful synchronization, the Video 

Composition component delivers smooth, high-quality educational animations with 

synchronized narration. 
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4.3 System Data Flow 

This section presents the flow of data and interactions between system components in 

the automated educational video generation pipeline. The system processes inputs, 

retrieves relevant content, generates animations and narration, and composes the final 

video. The main data flow can be described as follows: 

 

Input Stage: 

• Users provide learning material (PDFs, text) and a follow-up query. 

• Learning material is pre-processed into vector embeddings for semantic search. 

RAG Module: 

• The user query is converted into an embedding and compared against the vector 

database. 

• Top-N relevant content segments are retrieved, providing context for the LLM. 

LLM Query Model: 

• Receives the user query and retrieved context. 

• Generates two outputs: a DSL script for the animation engine and a narration 

script for the TTS engine. 

Animation and TTS Engines: 

• The DSL script is interpreted by the Animation Engine to render shapes, 

movements, and transitions. 

• The narration script is processed by the TTS engine to generate audio files. 

Video Composition: 

• Animation frames and audio files are synchronized. 

• The final output is a cohesive educational video that integrates visuals and 

narration. 
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Figure 4.3.1 Data Flow for Automated Educational Video Generation Pipeline 

  



Chapter 5 

50 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 

5 Chapter 5 

System Implementation 

This chapter provides an overview of how the automated educational video generation 

system was configured and developed. It outlines the setup of the project environment, 

the integration of core components which are RAG, the DSL, the TypeScript animation 

engine, and TTS, and their combination into a working pipeline. Challenges 

encountered during implementation and the solutions applied are also discussed, along 

with reflections on the system’s performance and areas for potential improvement. 

 

 

5.1 Hardware Setup 

The hardware required for this project includes a laptop for development and testing. 

Table 5.1.1 Hardware specifications 

Aspect Specification 

Model BOD-WXX9 

Processor 11th Gen Intel(R) Core(TM) i5-1135G7 @ 2.40GHz (8CPUs) 

OS Windows 11 Home Single Language 64-bit (10.0, build 22631) 

RAM 16GB 

GPU Intel(R) Iris(R) Xe Graphics 

 

 

5.2 Software Setup 

The tooling and library installation are listed below: -- 

Table 5.2.1 Development Tools 

Software Version Purpose 

Visual Studio Code 2025 1.103.2 IDE 

git 2.45.2.windows.1 Version Control 

Postman 11.59.6 API testing 
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Table 5.2.2 Core Software Stack 

Software / Framework Version Purpose 

TypeScript 5.8.3 Main programming language 

React.js 19.1.0 Frontend library 

TailwindCSS 3.4.17 Frontend styling 

Node.js 20.14.0 Backend runtime 

ANTLR4 0.5.0-alpha.4 Parser generator 

gTTS - Text to speech 

Pinecone - Vector store 

OpenAI GPT-4o - Natural language processing 

OpenAI text-embedding-3-small - Text to embeddings 

 

5.3 Setting and Configuration 

This section outlines the setup and configuration of the development environment, and 

project settings for the development and testing of the system. 

 

5.3.1 Development Environment Configuration 

The system was developed using the hardware and software environments described in 

Sections 5.1 and 5.2. 

Node.js served as the runtime environment for backend operations and managing the 

development of the ecosystem. To connect backend to frontend, Axios is used as the 

client for sending HTTP requests. To prepare the development environment, a React 

application was created using the following commands, which generate the boilerplate 

files for the application: 

npm create-react-app math-generator 
cd math-generator 
npm start 

For subsequent start-ups, the following commands are run in the VS Code Terminal: 

npm run dev 
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Figure 5.3.1 Starting Local Development Server 

 

The system also uses Logtail for centralized logging. The logging configuration is 

defined in the backend, where API requests, parsing errors, and runtime events are 

captured and forwarded to Logtail for monitoring. 

 

Figure 5.3.2 Logtail for monitoring logs 
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5.3.1.1 Application Dependencies 

The project was initialized using Node.js and TypeScript. Core dependencies were 

installed and managed via npm, with all required packages listed inside the 

package.json file. The pacakages are installed using the command npm install 

<package_name>. 

Table 5.3.1 Application Dependencies 

Package Name Version Purpose in the Application 

@azure-rest/ai-

inference 

^1.0.0-

beta.6 

Azure AI inference client for LLM interactions. 

@azure/core-auth ^1.10.0 Provides authentication support for Azure services. 

@azure/core-sse ^2.3.0 Enables server-sent events (SSE) for streaming 

responses from Azure/OpenAI models. 

@pinecone-

database/pinecone 

^6.1.2 Client library for interacting with Pinecone vector 

database for semantic retrieval (RAG). 

antlr4ts ^0.5.0-

alpha.4 

TypeScript target of ANTLR, used to define and 

parse the custom DSL grammar. 

cors ^2.8.5 Middleware to enable cross-origin requests for the 

backend API. 

dotenv ^17.1.0 Loads environment variables from .env into 

process.env. 

express ^5.1.0 Backend web framework for defining routes and 

APIs. 

expresss ^0.0.0 (Likely a typo or unused package — “express” 

should be used). 

gtts ^0.2.1 Google Text-to-Speech integration for narration 

generation. 

langchain ^0.3.30 Framework for managing LLM calls, prompt 

templates, and retrieval augmentation (RAG). 

multer ^2.0.2 Middleware for handling file uploads (e.g., PDF 

learning material). 

openai ^5.11.0 Official OpenAI client library for API calls to GPT 

models. 

pdf-parse ^1.1.1 Extracts text from uploaded PDF learning material 

for preprocessing. 
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5.3.1.2 Development Dependencies 

Table 5.3.2 Project Development Dependencies 

Package Name Version Purpose in the Application 

@logtail/node ^0.5.5 Client for sending logs to Logtail (structured logging). 

@logtail/winston ^0.5.5 Winston transport for integrating Logtail logging. 

@types/cors ^2.8.19 Type definitions for cors. 

@types/express ^5.0.3 Type definitions for express 

@types/katex ^0.16.7 Type definitions for katex. 

@types/multer ^2.0.0 Type definitions for multer. 

@types/pdf-

parse ^1.1.5 Type definitions for pdf-parse. 

css-loader ^7.1.2 Loads and resolves CSS imports in frontend React project. 

nodemon ^3.1.10 

Automatically restarts the backend server on file changes 

during development. 

style-loader ^4.0.0 Injects CSS into the DOM in the React frontend. 

typescript ^5.8.3 Provides static typing and compilation for TypeScript code. 

winston ^3.17.0 Logging library for structured and configurable log output. 
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5.3.2 Project Configuration 

5.3.2.1 Project Directory Structure 

The project is organized into backend and frontend repositories, each with a clear 

directory structure to support modular development and maintainability. 

 

Backend 

The backend handles DSL parsing, RAG retrieval, LLM integration, TTS generation, 

and API endpoints. Its main structure is as follows: 

 

backend/ 

├── dist/                    # Compiled TypeScript output 

│   └── lib/ 

│       ├── group/           # Grouping classes for animations 

│       ├── interface/       # TypeScript interfaces 

│       ├── shapes/          # Shape classes (Circle, Rectangle, etc.) 

│       └── util/            # Utility functions 

├── public/ 

│   └── audio/               # Generated TTS audio files 

└── src/ 

    ├── assets/              # Static assets 

    ├── config/              # Configuration files and constants 

    ├── controllers/        # API controllers, including DSL controller 

    ├── DSL/                 # DSL grammar, parser, and visitor 

    │   ├── .antlr/          # ANTLR grammar files 

    │   └── generated/       # ANTLR-generated parser and visitor files 

    ├── RAG/                 # Retrieval-Augmented Generation module 

    ├── routes/            # Express route definitions 

└── util/               # Utility scripts (e.g., reusable helper function) 
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Frontend 

The frontend handles the user interface, rendering the animations on canvas, and 

interacting with the backend via API calls: 

 

frontend/ 

├── .vite/                    # Vite build cache and dependency files 

│   └── deps/ 

├── public/                         # Static files served by the frontend 

└── src/ 

    ├── assets/               # Static assets (images, icons, etc.) 

    ├── components/           # Reusable React/Vue components 

    ├── lib/                  # Core animation library 

    │   ├── animation/       # Animation engine scripts 

    │   ├── group/           # Grouping logic for shapes 

    │   ├── interface/       # TypeScript interfaces 

    │   └── shapes/          # Shape classes for canvas rendering 

    └── pages/               # Application pages and routes  
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5.3.2.2 Pinecone Database Initialization 

An index is first created in Pinecone, where text-embedding-3-small is selected as the 

embedding model due to its cost-effectiveness and suitability for semantic search tasks. 

AWS was chosen as the cloud provider, with us-east-1 as the deployment region. 

 

Figure 5.3.1 Pinecone index setup 

 

Alternatively, the system is also capable of creating the index programmatically. This 

is achieved through the createPineconeIndex function as shown below, which checks 

for the existence of the specified index and creates it if it does not exist. The 

programmatic configuration specifies the vector dimension, the cosine similarity 

metric, and tags the index with the embedding model used. This ensures that the index 

is always available for inserting and retrieving embeddings as part of the RAG pipeline. 
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Figure 5.3.3 createPineconeIndex function implementation 

 

Then, an API key is created through Pinecone’s web interface, copied and stored inside 

an .env file. 
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Figure 5.3.4 Screenshot of Pinecone API key creation 

 

 

5.3.2.3 LLM Access via GitHub Models 

Free GitHub Models were used as the LLM provider. An API token is generated from 

GitHub and configured as the authentication method. The token was granted 

models:read permissions to authorize access to the hosted models. 

 

Dependencies for the client libraries are installed and saved to the package.json inside 

the project folder. Additionally, environment variables are created in the project to 

securely store the API credentials. The tokens are then referenced in the client code 

using the .env file, as shown below: 
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5.3.2.4 ANTLR4 configuration 

The grammar file is compiled using ANTLR4 script. 

 

 

Next, the the parser and all java files are compiled to generate .class files to test the 

grammar. To test the lexer and parser of the grammar, grun command is used. 

 

 



Chapter 5 

61 

Bachelor of Computer Science (Honours) 

Faculty of Information and Communication Technology (Kampar Campus), UTAR 

 

Upon success, a graphical user interface (GUI) is shown with the corresponding parse 

tree of the DSL. 
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5.3.3 Environment Variables 

A plain text file (.env) is used to store environment variables for the application. This 

ensures that sensitive information, such as API keys and tokens, is not hardcoded in the 

source code or pushed into version control. By externalizing these secrets, the system 

improves security, reduces the risk of public exposure, and simplifies configuration 

across different environments 

The .env file includes the following entries:- 

PORT=3000 

GITHUB_TOKEN=<your_github_token> 

OPENAI_API_KEY=<your_openai_api_key> 

PINECONE_API_KEY=<your_pinecone_api_key> 

 

# logging 

LOG_LEVEL=info # error | warn | info | http | verbose | debug | silly 

LOGTAIL_SOURCE_TOKEN=<your_logtail_source_token> 

LOGTAIL_ENDPOINT=<your_logtail_endpoint> 

 

To make these variables accessible within the application, the dotenv library is used. 

When the server starts, dotenv automatically loads the contents of the .env file and 

injects the variables into process.env. 
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5.4 System Operation 

This section illustrates how the system operates from the user’s perspective, showing 

the interaction flow between different components. The process begins on the Home 

Page, where the user provides input, and continues on the Editor Page, where generated 

scripts can be refined and executed to produce the final educational animation. 

 

5.4.1 Home Page 

The Home Page serves as the primary entry point of the system. Users are presented 

with a simple interface where they can submit a natural language prompt describing the 

educational concept they wish to visualize. Optionally, users may also upload 

supporting learning material in PDF format, which the system processes into 

embeddings for semantic retrieval.  

 

Once the user submits the input, the system’s backend retrieves relevant content 

from the uploaded corpus if available, combines it with the prompt, and forwards it to 

the language model. Figure 5.4.1 shows the sample record fetch from Pinecone Vector 

Database based on the highest score. The LLM then generates a DSL script that encodes 

both the animation steps and narration instructions.  
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Figure 5.4.1 Sample record stored in PineconeDB 

 

This page emphasizes ease of use by hiding the technical details from the user, ensuring 

that even users with minimal technical background can interact with the system 

effectively. 
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Figure 5.4.2 Home Page User Interface 

 

5.4.2 Editor Page 

The Editor Page provides an environment for reviewing and refining the generated DSL 

script. At the center of this interface is the Monaco editor, which allows the user to 

view and optionally edit the script. Users can correct errors, adjust animations, or fine-

tune the sequence before rendering. 

The DSL script is continuously monitored for changes. When a change is 

detected, the system validates the script before proceeding. The script is then parsed 

using ANTLR4 and translated into TypeScript objects through a custom visitor 

(DSLToTSVisitor). The generated TypeScript code is displayed in a read-only panel 

for reference. On the backend, this code is compiled and executed to produce 

synchronized animations alongside voice narration. Finally, a playback interface is 

provided to preview the output. 

The design of the DSL and its web-based editor was conceptually inspired by 

existing DSL frameworks, particularly, PlantUML and its online web editor [20]. The 

interface of PlantUML editor can be found in the Appendix A.2. However, unlike 

PlantUML which focuses on live UML diagram generation, the proposed DSL is 

purpose-built for educational animations and integrates with a TypeScript-based 

animation engine. Tthe animation editor in this system renders the corresponding 

TypeScript code and animation in real-time as the user inputs DSL commands. This 
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approach was adopted to provide immediate visual feedback and improve user 

interaction with the educational content generation process. 

 

 

Figure 5.4.3 Editor Page User Interface 

 

5.4.2.1 Animation Execution and Output 

Once the DSL script has been validated and translated into TypeScript code, the system 

proceeds with executing the animation pipeline. The CanvasRenderer and Animator 

components work together to render the defined shapes such as circles, rectangles, 

triangles, and text onto the HTML Canvas. Animation instructions, including 

operations like draw, move, scale, fadeIn, and fadeOut, are then applied sequentially to 

create smooth, continuous visual effects. 

If narration is enabled, the script’s text lines are sent to the Google TTS API, which 

generates the corresponding audio files. These audio segments are synchronized with 

the animation timeline, ensuring that the spoken narration aligns with the visual 

presentation. 
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The final output is an animated educational video that plays directly within the browser. 

To keep the system lightweight and cost-efficient, it is designed to be single-use, 

requiring no database or persistent storage. This design ensures low overhead while still 

producing engaging audio-visual content for learners. 

 

Figure 5.4.4 Full Log in One Animation Generation Pipeline Lifecycle 

 

A sample DSL script and its corresponding translated TypeScript code are provided in 

Appendix A.3. This example demonstrates an additional benefit of the DSL, in which 

it significantly reduces code verbosity and code length by more than 50%. Specifically, 

88 lines of DSL code were sufficient to express the same functionality that required 181 

lines of TypeScript. This reduction illustrates the conciseness and expressive power of 

the DSL, potentially improving readability, maintainability, and efficiency in authoring 

educational animations.  
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5.5 Implementation Issues and Challenges 

During the implementation phase, several technical and practical challenges emerged. 

This section discusses the technical and non-technical challenges faced throughout the 

development of the project and its solution. 

 

One of the earliest issues was related to the design of the DSL. The initial grammar 

definitions created ambiguities that caused parsing conflicts in ANTLR, particularly 

when interpreting nested instructions or handling optional parameters. This led to 

difficulties in generating consistent parse trees. The issue was mitigated by refining the 

grammar rules and adopting a stricter definition of allowable syntax. In addition, a 

visitor-based approach was implemented to systematically translate DSL commands 

into TypeScript objects, which improved reliability and consistency in execution. 

Another significant challenge was associated with the grouping functions in 

animation engine. While basic animations such as draw, move, and fadeIn were 

straightforward, grouped animations such as scaleAndMove or scaleAndRotate 

required careful handling. Initially, these animations were incorrectly applied to 

individual objects, leading to runtime errors and unexpected behavior. To address this, 

validation logic was introduced to ensure that grouped transformations were only 

applied to group objects. This enforced type safety at the DSL execution level and 

preserved the intended structure of animations. 

Furthermore, a key challenge was the unpredictability of LLM outputs. The 

generation model occasionally produced inconsistent DSL instructions, ranging from 

minor syntax errors to invalid animation commands. Although it could produce high-

level instructions, it sometimes generated commands outside the supported grammar or 

introduced formatting errors, which caused failures during script translation and 

execution. To address this issue, model configuration parameters such as temperature 

and top-P were adjusted to reduce randomness in the LLM’s output. Lowering these 

values constrained the model to generate more deterministic and consistent scripts, 

which helped mitigate errors in DSL syntax and unsupported commands. However, 

these adjustments alone were insufficient; therefore, system prompt and few-shot 
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prompting were used to guide the model with explicit grammar rules and working 

examples, which improved adherence to the DSL structure. 

Performance constraints also became evident when processing large input 

prompts, such as entire textbook chapters. These large queries caused significant 

latency and memory usage, which was unsuitable for real-time animation generation. 

To overcome this, a chunking mechanism was introduced in combination with 

embeddings and semantic retrieval. This allowed the system to break down large inputs 

into smaller, manageable segments that could be processed incrementally while still 

preserving context. 

Another challenge was synchronizing the generated animations with voice-

over narration from Google Text-to-Speech. Early implementations resulted in 

mismatches, where the narration either lagged behind or advanced ahead of the visuals. 

To resolve this, timestamp markers were introduced within the animation pipeline, 

enabling tighter alignment between audio playback and animation scene transitions. 

This ensured that the final video output provided a coherent and engaging learning 

experience. 

A further limitation was the truncation of model responses when outputs 

exceeded the maximum token limit, which is 65535 tokens. This occurred most 

frequently when generating lengthy DSL scripts or detailed explanations, resulting in 

incomplete outputs. To mitigate this, the system was adjusted to split requests into 

smaller sub-tasks where possible, ensuring more reliable responses. 

In general, the development of the project was a continuous process of adaptation 

and debugging. Overcoming the challenges encountered during implementation 

provided valuable insights that influenced the system’s architecture and functionality. 

Each issue ultimately contributed to a more refined, resilient, and practical solution that 

remained aligned with the overall objectives of the project.  
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5.6 Concluding Remark 

This chapter has outlined the configuration and implementation of the automated 

educational video generation system, covering the setup of the development 

environment, integration of core components, and execution of the system pipeline. The 

implementation process highlighted both the technical achievements and the challenges 

faced, such as managing environment dependencies, integrating large language models, 

and ensuring reliable translation of DSL scripts into animations. Through systematic 

problem-solving and iterative refinement, the system evolved into a functional 

prototype capable of generating synchronized educational animations with narration. 

 

The insights gained during this phase not only ensured a working implementation but 

also revealed opportunities for future enhancements, including optimization of 

rendering efficiency, improved model guidance, and expanded user interaction features. 
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6 Chapter 6 

System Evaluation and Discussion 

In this chapter, the evaluation of the system was conducted to verify its correctness, 

performance, and overall reliability in generating educational animations from high-

level user prompts. Testing was performed based on the core use cases identified in 

Chapter 3, with emphasis on both functional accuracy and system efficiency. 

 

6.1 System Testing and Performance Metrics 

To evaluate the system, a series of tests were conducted focusing on the correctness, 

accuracy, and usability of the LLM-driven animation pipeline. The evaluation 

employed both quantitative metrics and qualitative assessments. 

Table 6.1.1 System Performance 

Metric Description Measurement 

Approach 

Results and 

Observation 

Syntax 

correctness 

Percentage of generated 

scripts that complied with 

the custom animation 

library 

5 test prompts 

evaluated 

80% valid on first 

attempt 

Conceptual 

accuracy 

Extent to which 

animations correctly 

represented the intended 

mathematical idea 

Manual inspection 

and peer review 

Generally 

accurate, but 

errors in 

concurrent 

motions 

Sequential 

vs. 

concurrent 

Correct use of parallel vs. 

sequential animations 

6 prompts 

requiring 

concurrency 

66.67% correct, 

33.33% 

sequential 

misinterpretation 

Average 

response 

latency 

Time from user prompt 

submission to rendered 

animation 

Timed over 6 test 

runs 

22.95s average 

Usability Ease of use and clarity of 

the application interface 

Informal peer 

testing with 10 

participants 

Rated 4.5/5 

overall 

 

The results indicate that the system performs reliably in generating animations, though 

issues remain with concurrency handling and occasional hallucinated properties. 

Responsiveness was acceptable for prototype use, and users found the interface simple 

and intuitive.  
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6.2 Testing Setup and Result 

Each use case are tested individually using unit testing. The results are as shown in 

Table 6.2.1. 

Table 6.2.1 Testing of Individual Use Cases 

Use 

Case 
Input Expected Output Actual Output Result 

UC001 Upload valid PDF Embeddings stored Success Pass 

UC002 Submit empty 

prompt 

Error message Error displayed Pass 

UC003 Valid DSL script Smooth animation Worked with 

narration sync 

Pass 

UC004 Invalid DSL Parse failed + line 

number 

Handled correctly Pass 

 

6.2.1 Testing Setup 

Test Environment: 

The environment used for testing is as shown in the table below. 

Table 6.2.2 Testing Environment 

Hardware Laptop with Intel i7 CPU, 16GB RAM, Windows 11 Version 24H2 

Software Node.js, React (frontend), Express (backend), GitHub-hosted LLM API 

Browser Chrome 139.0.7258.139 (Official Build) (64-bit) (cohort: Stable) 

Test Dataset: 

During testing, 2 simple geometry prompts, 2 algorithmic and 2 complex mathematics 

prompts are used. 

Table 6.2.3 Test Data 

Category of prompts Test input data 

geometry  What is symmetry in a square? 

What is a vector? 

algorithmic  Explain Kruskal’s algorithm with animations. 

Demonstrate topological sorting with a DAG. 

complex mathematics  
Visualize the Fibonacci sequence. 

Visualize Depth-First Search (DFS) on a tree. 
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Evaluation Method: 

• Scripts checked for syntax compliance against the custom animation library 

• Animations inspected for conceptual accuracy and correctness of 

sequential/concurrent motions 

• Response time measured using browser developer tools in Chrome 

• Informal peer review with 10 participants to gather usability feedback 

 

6.2.2 Results and Analysis 

Category of 

prompts 

Test input 

data 

Syntax 

Correctness 

on first 

attempt 

LLM 

Response 

Time (s) 

Translation 

Time (s) 

Total 

response 

time (s) 

geometry  What is 

symmetry in 

a square? 

Valid 12.29 3.03 15.32 

What is a 

vector? 

Valid 17.86 8.47 26.33 

algorithmic  Explain 

Kruskal’s 

algorithm 

with 

animations. 

Invalid 18.41 4.98 23.39 

Demonstrate 

topological 

sorting with a 

DAG 

Invalid 23.99 3.29 27.28 

complex 

mathematics  

Visualize the 

Fibonacci 

sequence. 

Valid 17.81 1.81 19.62 

Visualize 

Depth-First 

Search (DFS) 

on a tree. 

Valid 20.58 5.16 25.74 

Average 18.49 4.46 22.95 
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Correctness of Generated Scripts: 

• Out of 6 prompts tested, 4 produced runnable scripts without modification. 

• 2 required minor manual corrections (i.e., property naming mismatches and 

incorrect identifier assignment). 

• 1 failed due to hallucinated or unsupported properties. 

Accuracy of Animations: 

• Most animations successfully conveyed the intended concept. 

• Misuse of sequential instead of concurrent animations occurred in 4/10 

concurrency-based tests. 

• Motion smoothness was generally acceptable, though timing inconsistencies 

were noted in fast transitions. 

 

Performance: 

• Average time to generate and render animations: 8–12 seconds. 

• Rendering pipeline itself was efficient (<2 seconds); most latency was due to 

LLM response time. 

 

Usability Feedback: 

• Testers found the web application intuitive and easy to use. 

• Average usability rating: 4.2/5. 

• Suggested improvements: progress indicators during rendering, and support 

for multi-turn prompting. 

 

Observation 

The testing confirmed that the system is capable of generating animations from natural 

language prompts with a reasonably high success rate. While the modular pipeline and 

interface functioned as intended, limitations remain in terms of handling parallel 

animations and error correction. Nonetheless, the system demonstrates the feasibility 

of LLM-driven educational animation, fulfilling the majority of the project objectives. 
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6.3 Project Challenges 

i. Model Output Inconsistencies with Library Syntax and Usage 

The primary challenge encountered during development was ensuring the correctness 

and accuracy of the generated animation code. Despite the use of few-shot examples 

and system prompts, the LLM occasionally produced outputs that violated the syntax 

and design rules of the custom animation library. A recurring issue was hallucinated 

properties, where the model referenced attributes that were not defined in the library’s 

shape classes. For instance, the model sometimes attempted to apply a non-existent 

linewidth property to Line objects. Similarly, incorrect property naming was observed; 

the model occasionally used parameters such as x1, y1, x2, y2 instead of the required 

startX, startY, endX, endY for line coordinates, despite explicit demonstrations in the 

prompt. Another major source of inaccuracy was the misuse of sequential and 

concurrent animations. In cases where parallel execution was required (e.g., rotating 

clock hands simultaneously), the model frequently generated sequential animations, 

resulting in unintended and unnatural behaviour. To address these issues, several 

strategies were employed. A Retrieval-Augmented Generation (RAG) mechanism was 

integrated to provide the model with accurate library references during code generation. 

This was combined with manual correction, targeted prompt engineering, and model 

parameter tuning, all of which helped guide the model toward producing more 

consistent and syntactically correct outputs. Furthermore, the introduction of a well-

defined DSL played a critical role in enforcing syntax, semantics, and animation rules, 

thereby reducing the likelihood of invalid or misaligned code. 

ii. API Rate Limits on GitHub-Hosted LLM Models 

Another challenge was the API usage limits imposed by the GitHub Marketplace, 

where the project accessed high-tier LLMs. Free-tier models were restricted to 50 

requests per day per model, which significantly constrained the testing and iteration 

phases. Since development often required frequent prompting, debugging, and fine-

tuning, these limits slowed progress and necessitated careful planning of work sessions. 

In future iterations, this bottleneck could be addressed by migrating to paid API plans 

or hosting private instances of the models to ensure consistent availability. 
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iii. Lack of Feedback Mechanism for Model Refinement 

 

A further limitation was the absence of a feedback mechanism to improve the quality 

of generated scripts. At the current stage, the system only supports single-turn 

prompting, where the model generates an output once per request without opportunities 

for iterative refinement. This restricts the ability to correct mistakes or guide the model 

toward better outputs within the same interaction. As a result, when the generated 

scripts contained issues such as syntax violations, hallucinated properties, misused 

library functions, or inappropriate animation timing, refinement relied solely on manual 

prompt engineering and human intervention. In future iterations, this challenge could 

be mitigated by enabling multi-turn prompting, which would allow interactive 

refinement of outputs, or by establishing a more systematic feedback loop through 

methods such as reinforcement learning from human feedback (RLHF). These 

improvements would help the model adapt and gradually produce more accurate and 

reliable results. 

 

6.4 Objectives Evaluation 

This section assesses how well the project met its initial objectives, which were 

specified during the project proposal phase. The primary objective of this project was 

to develop and integrate animation tools controlled by LLMs to generate educational 

animations for Mathematics. Overall, this objective was achieved. The system 

successfully demonstrated the ability of LLMs to interpret prompts and generate 

animations, but certain challenges like correctness of outputs constrained the level of 

automation and accuracy. 

i. Development of a Modular Animation Pipeline 

This objective was achieved. A modular pipeline was implemented, consisting of 

distinct modules for shape transformations, motion generation, and scene composition. 

Each module exposed well-defined APIs, enabling structured control by the LLM. The 

modular design proved effective in ensuring reusability and scalability, and additional 

features such as grouping, grid system were successfully incorporated without 

disrupting the existing framework. 
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ii. Implementation of a Motion Generation System 

This objective was partially achieved. A library of predefined animations such as 

creation, transformation, scaling, fading, and interpolation was successfully developed 

and integrated into the system. These animations provided the foundation for LLM-

driven generation. However, while the animations produced were visually functional, 

the system occasionally struggled with ensuring smoothness and naturalness of motion, 

especially when parallel animations were required. Further refinement of motion 

algorithms would be needed to fully realize this objective. 

iii. Development of a Demonstration Application 

This objective was achieved. A functional application was created to integrate the 

modular pipeline and enable user interaction. The application allowed users to input 

prompts and generate corresponding animations, thereby validating the feasibility of 

LLM-controlled animation. Additionally, a simple interface was implemented to 

present results, making the tool accessible for educators and learners. Nevertheless, the 

system currently operates on a single-turn prompting model without feedback loops, 

which limits the extent of error correction and iterative improvement. 

6.5 Concluding Remark 

Based on the results, the proposed method, which involves using an LLM to generate 

animations and visual explanations from educational prompts, is technically feasible. 

Functional elements like shape rendering, text transitions, and basic sequencing are 

present in the animation system, which can comprehend structured scripts. The LLM 

produces outputs that provide clear step-by-step guidance for less complex ideas. While 

some challenging topics were impeded by limitations in both LLM understanding and 

system rendering abilities, these concerns are predominantly engineering issues that can 

be resolved through improved prompt design, system refinement over time and 

eventually with better iterative development. 
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7 Chapter 7 

Conclusion and Recommendation 

This chapter presents the conclusion of the project and provides a final reflection on its 

outcomes. It revisits the main objectives set at the beginning, evaluates how effectively 

they were achieved, and highlights the contributions made to the field of automated 

educational content generation. In addition, the chapter outlines the limitations 

encountered during development and proposes future directions for extending the 

system’s capabilities. Together, these elements provide closure to the research while 

emphasizing its significance and potential impact. 

 

7.1 Conclusion 

To conclude, the main problem addressed by this project was the need for an intuitive, 

automated way to create mathematical animations without requiring users to be well-

versed in programming or specialized animation software. Motivated by the growing 

demand for accessible educational content, the project focused on leveraging LLMs to 

bridge the gap between high-level user instructions and low-level animation scripting. 

A key contribution of this work is the development of a lightweight, LLM-

driven pipeline capable of automatically generating educational animations. The proof-

of-concept demonstrates the feasibility of combining LLMs with a custom DSL and 

animation library to produce meaningful and dynamic content, highlighting new 

opportunities in automated educational media production. 

This project set out to design and implement an educational animation system 

that leverages LLMs to transform high-level prompts into corresponding visual 

animations with narrations. By combining a custom DSL with an animation engine and 

narration engine, the system enables the automated generation of mathematics-focused 

educational content on-the-fly, reducing the barrier for teachers and learners who may 

not have prior programming experience. 

The integration of RAG for grounding ensured that explanations were grounded 

in textbook content, thereby enhancing factual accuracy and adaptability across 

different curricula. The DSL and animation library provided a structured medium for 
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translating natural language responses into executable visualizations, while the overall 

system demonstrated the potential of LLM-driven automation in creating engaging, 

accessible educational materials. 

Although the current implementation achieves its core objectives, several 

limitations remain. The system currently supports only a limited set of shapes and 

animations, relies primarily on single-turn interactions, and may occasionally produce 

ambiguous or malformed outputs when handling complex prompts. These challenges 

highlight opportunities for further development, such as adopting structured JSON 

response schemas, extending animation capabilities, incorporating hybrid grounding 

methods, and supporting multi-turn conversations for more interactive learning 

experiences. 

The system currently supports only a limited set of shapes and animations, relies 

primarily on single-turn interactions, and may occasionally produce ambiguous or 

malformed outputs when handling complex prompts. These challenges highlight 

opportunities for further development, such as adopting structured JSON response 

schemas, extending animation capabilities, incorporating hybrid grounding methods, 

and supporting multi-turn conversations for more interactive learning experiences. 

 

7.2 Recommendation 

There are a few crucial areas for educational animation system’s future development 

and enhancement that should be highlighted. 

Firstly, a potential enhancement would be to adopt a structured response 

schema in JSON format. By enforcing a JSON schema, the LLM’s outputs could be 

standardized into machine-readable structures that clearly separate instructional content 

(DSL commands) from explanatory text. This would provide several advantages, 

including clarity and consistency, easy validation and extensibility. Such a schema-

driven approach would make the system more robust, maintainable, and extensible, 

while also supporting a clearer interface between the LLM, the DSL parser, and the 

animation engine. 

Another direction for improvement is to introduce support for more complex 

animations within the DSL and TypeScript animation library. At present, the system 
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supports basic shapes and transformations, but future work could extend this to include 

advanced effects such as curved motion paths, easing functions, layering (z-index), and 

conditional animations. This would allow the generation of richer, more engaging 

visualizations that better align with professional educational tools and enhance the 

learner’s experience. 

Furthermore, the system could benefit from hybrid grounding methods that 

combine Retrieval-Augmented Generation (RAG) with lightweight fine-tuning 

approaches. While RAG ensures flexibility and adaptability by retrieving content 

dynamically from textbooks, fine-tuning could help align the model more closely with 

DSL grammar and reduce hallucinations. A hybrid approach would therefore balance 

adaptability with precision, improving both the factual grounding of explanations and 

the syntactic accuracy of the generated animations. 

Finally, another promising area of future improvement is the introduction of 

multi-turn conversational support. Currently, the system operates on a single-turn 

interaction model, where each user query results in a one-time generation of 

explanatory text and animation instructions. Incorporating multi-turn chat would enable 

learners to iteratively refine explanations and animations through follow-up questions 

or modifications. This would not only enhance personalization and adaptability but also 

provide a more natural and interactive learning experience, closer to the dynamics of a 

real classroom environment. 
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Appendix 

A.1  System prompt 

  

You are a code generator that produces animation scripts in a custom DSL with 

narration. When outputting code, you must never use Markdown formatting. Do not 

wrap code in triple backticks (```), single backticks (`), or any other formatting 

syntax.  

Your task is to take a high-level math prompt (e.g., “What is a sine wave?”) and 

generate code that: 

1. Breaks down the problem into clear, educational, step-by-step explanations. 

2. Uses shapes to visually explain each step, like a math teacher guiding a student. 

3. Follows strict DSL rules defined below — no markdown, explanations, or natural 

language outside of code comments. 

4. Produces complete, valid, runnable code. 

5. Ensures that previous steps are faded out or replaced so the canvas stays 

uncluttered. 

6. Assumes your animations are being used to teach the concept to a student with 

little prior knowledge. 

 

--- 

 

Strict Requiremens: 

Only use syntax and keywords explicitly defined below. 

Do not include any undefined statements. 

Do not assume global settings or add implicit configuration. 

Do not use undefined shapes like arc, spiral, curve, or any invented syntax. 

Canvas Settings: 

Assume a canvas size of 1200 x 600. 

Assume the background is white by default — do not include this in the code. 

### Shapes: 

Each shape must be declared with a unique variable ID and follows this format: 
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- `id = circle at (x, y) radius <number> color <color>` 

- `id = dot at (x, y) color <color>` 

- `id = rectangle at (x, y) width <number> height <number> color <color>` 

- `id = square at (x, y) size <number> color <color>` 

- `id = triangle at (x, y) radius <number> color <color>` 

- `id = line (x1, y1) to (x2, y2) color <color>` 

- `id = text "string content" at (x, y) color <color>` 

*All shapes can optionally have color. Available colors: red, green, blue, yellow, 

brown, black, white, orange, purple.* 

*All coordinates are the center of the shapes, except for line's coordinates. 

 

--- 

 

### Animations: 

- `move <shape> to (x, y) over <duration>s` 

- `rotate <shape> by <degrees> around (x, y) over <duration>s` (center optional) 

- `scale <shape> to <factor> over <duration>s` 

- `fadeOut <shape> over <duration>s` 

 

- Animations are sequential by default.   

- Use `parallel { ... }` to run multiple animations at the same time. For example, 

`parallel { 

move t1 to (200, 200) 

move c2 to (10, 10) 

}` 

- Use `group { ... }` to bundle shapes into a single body. For example, `group1 = 

group {text1, circle1, circle2, square1}` 

- Use `sleep <duration>s` to pause any animations. 

 

--- 

 

### Rules: 

 

- Use `//` for line comments and `/* */` for block comments. 

- Do not wrap the output in code blocks. 

- Do not output anything other than valid DSL code. 

- Do not use DSL keywords (`text`, `circle`, etc.) as shape IDs. 

- All steps should appear in roughly the same area (e.g., center of the canvas). 

- Ensure earlier steps fade out before or while the next appears. 

- Ensure the entire script completes — avoid cut-off. 

- For narrations, use the following syntax: `TTS: This is a square.` 
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A.2  Web Interface Design 

 

Figure A.2.1 Web Design Interface of PlantUML Web Editor 
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A.3  Grammar Definition 

grammar DSL; 
 
// Entry point 
script        : statement* EOF ; 
 
// Statements 
statement 
    : shape_stmt 
    | group_stmt 
    | animation_stmt 
    | block_stmt 
    | sleep_stmt 
    | tts_stmt 
    ; 
 
// TTS statement 
tts_stmt 
    : TTS_COMMENT 
    ; 
 
// Shape statements 
shape_stmt 
    : ID '=' 'circle' 'at' position 'radius' number color? 
    | ID '=' 'dot' 'at' position color? 
    | ID '=' 'rectangle' 'at' position 'width' number 'height' 
number color? 
    | ID '=' 'square' 'at' position 'size' number color? 
    | ID '=' 'triangle' 'at' position 'radius' number color? 
    | ID '=' 'line' position 'to' position color? 
    | ID '=' 'text' STRING 'at' position size? color? 
    ; 
 
// Group statement 
group_stmt 
    : ID '=' 'group' '{' ID (',' ID)* '}' 
    ; 
 
// Animation statements 
animation_stmt 
    : 'move' ID 'to' position duration? 
    | 'fadeIn' ID duration? 
    | 'fadeOut' ID duration? 
    | 'scale' ID 'to' number duration? 
    | 'rotate' ID 'by' number ('around' position)? duration? 
    ; 
 
// Block and sleep 
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block_stmt 
    : 'parallel' '{' statement* '}' 
    ; 
 
sleep_stmt 
    : 'sleep' number 's' 
    ; 
 
// Components 
position      : '(' number ',' number ')' ; 
color         : 'color' COLOR ; 
size          : 'size' number ; 
duration      : 'over' number 's' ; 
number        : NUMBER ; 
STRING        : '"' (~["\\] | '\\' .)* '"' ; 
 
// Tokens 
COLOR         : 'red' | 'green' | 'blue' | 'yellow' | 'brown' | 
'black' | 'white' | 'orange' | 'purple' ; 
ID            : [a-zA-Z_][a-zA-Z0-9_]* ; 
NUMBER        : '-'? [0-9]+ ('.' [0-9]+)? ; 
 
// TTS comment 
TTS_COMMENT   : 'TTS:' ~[\r\n]* ; 
 
// Skip regular comments and whitespace 
LINE_COMMENT  : '//' ~[\r\n]* -> skip ; 
BLOCK_COMMENT : '/*' .*? '*/' -> skip ; 
WS            : [ \t\r\n]+ -> skip ; 
 
 

A.4  Animation Codes 

Sample DSL code for the prompt “What is a vector?”. 

// Initialize canvas for teaching "What is a vector?" 

// The animation introduces a vector as a mathematical quantity 

// with both magnitude and direction. 

 

TTS: A vector is a mathematical quantity that has both a magnitude and 

a direction. Let me show you step by step. 

 

TTS: First, let’s represent a vector in a visual way. 

 

v1 = line (600, 300) to (800, 200) color blue 

text1 = text "Vector" at (850, 200) color blue 

sleep 3s 



Appendix 

A-6 

 

 

TTS: Notice the arrow. The arrowhead points in a specific direction, 

showing the direction of the vector. 

 

arrowhead = triangle at (800, 200) radius 15 color blue 

sleep 2s 

 

TTS: The length of the vector represents its magnitude. Let's label 

these parts. 

 

text2 = text "Direction →" at (950, 200) color black 

text3 = text "Magnitude" at (700, 250) color black 

lineDash = line (600, 300) to (800, 300) color black // Dashed line to 

measure length 

sleep 3s 

 

TTS: We often describe vectors using coordinates. This vector starts at 

(600, 300) and ends at (800, 200). Let’s highlight the starting and 

ending points. 

 

point1 = dot at (600, 300) color red 

point2 = dot at (800, 200) color green 

text4 = text "(600, 300)" at (570, 320) color red 

text5 = text "(800, 200)" at (830, 220) color green 

sleep 3s 

 

// Fade out the initial visualization to introduce components. 

parallel { 

    fadeOut v1 over 2s 

    fadeOut text1 over 2s 

    fadeOut arrowhead over 2s 

    fadeOut text2 over 2s 

    fadeOut text3 over 2s 

    fadeOut lineDash over 2s 

    fadeOut point1 over 2s 

    fadeOut point2 over 2s 

    fadeOut text4 over 2s 

    fadeOut text5 over 2s 

} 

sleep 2s 

 

TTS: A vector can be broken down into its horizontal and vertical 

components. Let’s see how this works. 

 

lineX = line (600, 300) to (800, 300) color orange 

lineY = line (800, 300) to (800, 200) color green 

sleep 2s 
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TTS: The horizontal component shows how far the vector moves left or 

right. Here, it moves from 600 to 800 along the x-axis. 

 

text6 = text "Horizontal Component (Δx = 800 - 600)" at (700, 330) 

color orange 

sleep 3s 

 

TTS: The vertical component shows how far the vector moves up or down. 

Here, it moves from 300 to 200 along the y-axis. 

 

text7 = text "Vertical Component (Δy = 200 - 300)" at (870, 250) color 

green 

sleep 3s 

 

// Fade out components to construct full vector equation. 

parallel { 

    fadeOut lineX over 2s 

    fadeOut lineY over 2s 

    fadeOut text6 over 2s 

    fadeOut text7 over 2s 

} 

sleep 2s 

 

TTS: Combining these components, the vector can be represented as (Δx, 

Δy), which in this case is (200, -100). 

 

lineFull = line (600, 300) to (800, 200) color blue 

arrowFull = triangle at (800, 200) radius 15 color blue 

text8 = text "Vector (Δx, Δy) = (200, -100)" at (700, 100) color blue 

sleep 3s 

 

// Fade out final visualization. 

parallel { 

    fadeOut lineFull over 2s 

    fadeOut arrowFull over 2s 

    fadeOut text8 over 2s 

} 

sleep 2s 

 

TTS: And that’s what a vector is — a quantity with both magnitude and 

direction, often represented with components (Δx, Δy). Let’s recap. 

 

Sample TypeScript translation of the DSL code. 

const v1 = new Line({  

  startX: 600, 

  startY: 300, 
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  endX: 800, 

  endY: 200, 

  color: "blue" 

}); 

toDraw.push(v1); 

 

const text1 = new Text({ 

  centerX: 850, 

  centerY: 200, 

  text: "Vector", 

  size: 1.7, 

  color: "blue" 

}); 

toDraw.push(text1); 

 

await Util.sleep(3000); 

const arrowhead = new Triangle({  

  centerX: 800,  

  centerY: 200,  

  radius: 15,  

  color: "blue"  

}); 

toDraw.push(arrowhead); 

 

await Util.sleep(2000); 

const text2 = new Text({ 

  centerX: 950, 

  centerY: 200, 

  text: "Direction →", 

  size: 1.7, 

  color: "black" 

}); 

toDraw.push(text2); 

 

const text3 = new Text({ 

  centerX: 700, 

  centerY: 250, 

  text: "Magnitude", 

  size: 1.7, 

  color: "black" 

}); 

toDraw.push(text3); 

 

const lineDash = new Line({  

  startX: 600, 

  startY: 300, 

  endX: 800, 

  endY: 300, 
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  color: "black" 

}); 

toDraw.push(lineDash); 

 

await Util.sleep(3000); 

const point1 = new Dot({  

  centerX: 600, 

  centerY: 300, 

  color: "red" 

}); 

toDraw.push(point1); 

 

const point2 = new Dot({  

  centerX: 800, 

  centerY: 200, 

  color: "green" 

}); 

toDraw.push(point2); 

 

const text4 = new Text({ 

  centerX: 570, 

  centerY: 320, 

  text: "(600, 300)", 

  size: 1.7, 

  color: "red" 

}); 

toDraw.push(text4); 

 

const text5 = new Text({ 

  centerX: 830, 

  centerY: 220, 

  text: "(800, 200)", 

  size: 1.7, 

  color: "green" 

}); 

toDraw.push(text5); 

 

await Util.sleep(3000); 

await Promise.all([ 

  await v1.fadeOut(2000), 

  await text1.fadeOut(2000), 

  await arrowhead.fadeOut(2000), 

  await text2.fadeOut(2000), 

  await text3.fadeOut(2000), 

  await lineDash.fadeOut(2000), 

  await point1.fadeOut(2000), 

  await point2.fadeOut(2000), 

  await text4.fadeOut(2000), 
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  await text5.fadeOut(2000) 

]); 

await Util.sleep(2000); 

const lineX = new Line({  

  startX: 600, 

  startY: 300, 

  endX: 800, 

  endY: 300, 

  color: "orange" 

}); 

toDraw.push(lineX); 

 

const lineY = new Line({  

  startX: 800, 

  startY: 300, 

  endX: 800, 

  endY: 200, 

  color: "green" 

}); 

toDraw.push(lineY); 

 

await Util.sleep(2000); 

const text6 = new Text({ 

  centerX: 700, 

  centerY: 330, 

  text: "Horizontal Component (Δx = 800 - 600)", 

  size: 1.7, 

  color: "orange" 

}); 

toDraw.push(text6); 

 

await Util.sleep(3000); 

const text7 = new Text({ 

  centerX: 870, 

  centerY: 250, 

  text: "Vertical Component (Δy = 200 - 300)", 

  size: 1.7, 

  color: "green" 

}); 

toDraw.push(text7); 

 

await Util.sleep(3000); 

await Promise.all([ 

  await lineX.fadeOut(2000), 

  await lineY.fadeOut(2000), 

  await text6.fadeOut(2000), 

  await text7.fadeOut(2000) 

]); 
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await Util.sleep(2000); 

const lineFull = new Line({  

  startX: 600, 

  startY: 300, 

  endX: 800, 

  endY: 200, 

  color: "blue" 

}); 

toDraw.push(lineFull); 

 

const arrowFull = new Triangle({  

  centerX: 800,  

  centerY: 200,  

  radius: 15,  

  color: "blue"  

}); 

toDraw.push(arrowFull); 

 

const text8 = new Text({ 

  centerX: 700, 

  centerY: 100, 

  text: "Vector (Δx, Δy) = (200, -100)", 

  size: 1.7, 

  color: "blue" 

}); 

toDraw.push(text8); 

 

await Util.sleep(3000); 

await Promise.all([ 

  await lineFull.fadeOut(2000), 

  await arrowFull.fadeOut(2000), 

  await text8.fadeOut(2000) 

]); 

await Util.sleep(2000); 

  



Poster 

A-12 

 

Poster 

 

 


