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TeachIQ Technical Documentation 

Implementation Architecture & API Selection Rationale 

1. Implementation Architecture 

TeachIQ is built on a client-server architecture, designed for simplicity, scalability, and 

maintainability. It leverages standard web technologies for the frontend and a Python-based 

backend for handling AI model interactions. 

1.1. High-Level Diagram 

+----------------+       +-------------------+       +--------------------+ 

|  User Browser  | <---> | Frontend (HTML/JS/CSS) | <---> | Backend 

(Flask/Python) | <---> | Google Gemini API  | 

| (Client)       |       |                       |       | (Server)           

|       | (AI Model)         | 

+----------------+       +-------------------+       +--------------------+ 

         ^                                                               | 

         |                                                               | 

         +---------------------------------------------------------------+ 

                             Local Storage (History) 

 

1.2. Components 

• Frontend (User Interface): 

o Technologies: HTML5, CSS3 (index.css), JavaScript (index.js). 

o Purpose: Provides an intuitive graphical user interface (GUI) for users to 

input content generation parameters, view generated content, manage history, 

and select templates. 

o Key Features: 

▪ Dynamic Form: Collects contentType, subjectArea, gradeLevel, 

topic, details, complexity, and format from user inputs. 

▪ Tabbed Interface: Organizes functionality into "Content Generator," 

"History," and "Templates" tabs for a streamlined user experience. 

▪ Content Display: Renders the AI-generated content, applying basic 

formatting based on the selected output_format. 

▪ Client-Side Utilities: Includes functionalities like "Copy to Clipboard" 

and "Download as PDF" using html2canvas and jspdf libraries. 

▪ Local Storage: Manages a client-side history of generated content for 

quick access and reuse. 

• Backend (API Server): 

o Technologies: Python (Flask framework), google-generativeai library, 

python-dotenv. 

o Purpose: Acts as an intermediary between the frontend and the Google 

Gemini API. It receives requests from the frontend, constructs the AI prompt, 

sends it to the Gemini model, and returns the AI's response. 

o Key Endpoints: 
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▪ /generate-content (POST): The primary endpoint for receiving user 

parameters, generating the AI prompt, calling the Gemini API, and 

returning the generated content. 

o Configuration: Reads GEMINI_API_KEY from environment variables for 

secure API access. 

• Google Gemini API (AI Model): 

o Model Used: gemini-2.5-flash-preview-05-20 (as configured in app.py). 

o Purpose: The core AI engine responsible for understanding the constructed 

prompts and generating educational content based on the specified parameters. 

2. API Selection Rationale 

The Google Gemini API, specifically the gemini-2.5-flash-preview-05-20 model, was 

selected for TeachIQ based on the following key considerations: 

• Advanced Generative Capabilities: Gemini models are renowned for their state-of-

the-art language understanding and generation capabilities, making them highly 

effective for producing diverse educational content (lesson plans, quizzes, summaries, 

etc.). 

• Developer-Friendly SDK: The google-generativeai Python client library 

simplifies integration with the Gemini API, abstracting away complex API calls and 

authentication mechanisms. 

Prompt Engineering Methodology & Performance 

Optimization 

3. Prompt Engineering Methodology 

TeachIQ employs a structured and parameterized prompt engineering methodology to 

ensure precise, relevant, and high-quality educational content generation from the Google 

Gemini model. This approach moves beyond simple conversational prompts to build detailed 

instructions based on user specifications. 

3.1. Overall Philosophy: Structured and Intent-Driven Prompting 

The core philosophy is to create prompts that are: 

• Structured: Break down requests into distinct, identifiable components. 

• Comprehensive: Include all necessary context for the AI (who, what, for whom, 

how). 

Key Prompt Engineering Elements within this Structure: 

1. Direct Instruction: The prompt begins with a clear verb ("Generate...") and the target 

contentType, immediately setting the LLM's task. 

2. Contextual Framing: "for {grade_level} students in the {subject_area} subject 

area" provides essential demographic and domain context. This helps the LLM tailor 

its tone, vocabulary, and examples. 
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3. Customization Handle: The "Here are additional details and requirements: 

"{details}" line is critical. It provides an explicit slot for user-provided nuances, 

ensuring the LLM attempts to incorporate these specific constraints. 

4. Complexity Control: "Ensure the complexity is {complexity}" guides the LLM on 

the level of detail, academic rigor, and conceptual difficulty. 

5. Output Format Enforcement: "Please present the content in 

{output_format.replace('_', ' ')} format" is crucial for downstream 

processing in the frontend. LLMs are highly capable of adhering to specified formats, 

and this instruction is vital for predictable parsing and display. The replace('_', ' 

') makes the format string more natural for the LLM's understanding. 

3.3. Role and System Instructions (Implicit) 

While app.py directly passes a user prompt, the google-generativeai library and the 

Gemini model architecture often implicitly convey a "system instruction" or "persona." For 

models like gemini-2.5-flash-preview-05-20, an unstated but assumed system message 

like "You are an expert educational content generator tasked with creating accurate, 

engaging, and age-appropriate learning materials" is generally part of the model's pre-training 

or fine-tuning, guiding its overall response style and focus. 

4. Performance Optimization Techniques 

Optimizing performance in TeachIQ involves strategies across both the frontend and backend 

to ensure a fast and responsive user experience. 

4.1. Frontend Optimizations (index.js, index.html, index.css) 

• Asynchronous API Calls: The fetch API in index.js is used for async/await 

operations, ensuring the UI remains responsive while waiting for the backend/AI 

response. 

• Loading Indicators: A visual loadingIndicator (spinner) is displayed during AI 

generation, providing immediate feedback to the user and preventing perceived 

slowness. 

• Client-Side Formatting: Once the raw text is received from the AI, the frontend 

performs client-side formatting (formatBulletPoints, formatStepByStep, 

formatAsTable, formatMarkdown, formatParagraph). This offloads rendering logic 

from the backend and allows for quick re-rendering if formatting options were to 

change client-side. 

• Local Storage for History: Storing generated content in localStorage prevents 

repeated API calls for previously generated items and allows for instant retrieval of 

history. This drastically improves the perceived performance for returning users. 

• Efficient PDF Generation: 

o html2canvas and jspdf are used for client-side PDF generation. 

o Cloning the outputContent element and placing it off-screen (position = 

'absolute'; left = '-9999px';) before rendering with html2canvas 

ensures that the PDF generation process doesn't cause visual disruptions or 

layout shifts on the main page. 
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o scale: 2 in html2canvas options improves the resolution of the generated 

PDF without excessively increasing client-side processing time for typical 

content sizes. 

• Responsive Design: The index.css is designed with media queries to ensure the 

layout adapts gracefully to various screen sizes, providing an optimal experience on 

both desktop and mobile devices. 

4.2. Backend Optimizations (app.py) 

• Lightweight Framework: Flask is a micro-framework, keeping the backend lean and 

efficient for request handling. 

• Direct API Call: The backend makes a direct, synchronous call to the Google Gemini 

API. While google-generativeai client handles internal optimizations, the design 

ensures minimal overhead between the Flask app and the AI service. 

• JSON Handling: Efficient JSON parsing (request.get_json()) and serialization 

(jsonify) are used for fast data exchange. 

• Environment Variables: Using dotenv for API keys is a standard security practice 

that also contributes to clean code and avoids hardcoding, which can subtly impact 

deployment speed. 

• Error Handling: try-except blocks around the API call prevent server crashes and 

return appropriate HTTP error codes and messages, making the system more robust 

and easier to debug. 

4.3. AI Model Considerations 

• gemini-2.5-flash-preview-05-20 Selection: The "Flash" variant is explicitly 

chosen for its speed. It's designed to be a highly performant and cost-effective model 

for high-volume inference, making it ideal for interactive applications where low 

latency is desired. 

• Prompt Conciseness: While comprehensive, the prompts are designed to be as 

concise as possible while providing all necessary information. This reduces the 

number of input tokens, which directly impacts processing time and cost. 

Limitation Management Strategies 

5. Limitation Management Strategies 

5.1. API Rate Limits 

Google Gemini API imposes rate limits per project, measured in Requests Per Minute 

(RPM), Tokens Per Minute (TPM), and Requests Per Day (RPD). Exceeding these limits 

results in HTTP 429 (Too Many Requests) errors. 

Strategy for Management: 

• Frontend User Feedback: 

o If a 429 error or any API-related error occurs, the index.js catches it in the 

try-catch block. 
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o It displays a user-friendly error message in the outputContent div, informing 

the user that content generation failed and suggesting they "try again" or 

"check server logs." This prevents the application from appearing broken and 

guides the user. 

o While not explicitly implemented with a retry mechanism or backoff, the 

current approach relies on the user re-initiating the request, which acts as a 

manual backoff. 

• Backend Error Handling: The app.py includes a try-except Exception as e: 

block around the model.generate_content(prompt) call. This catches general API 

errors, including potential rate limit errors, logs them (print(f"Gemini API Error 

or other server error: {e}")), and returns a 500 Internal Server Error 

with a JSON payload ({"error": "Failed to generate content: {e}"}). This 

prevents the backend from crashing and provides a structured error response to the 

frontend. 

5.2. Usage Costs 

The Gemini API, even the "Flash" preview, has associated costs per million tokens for both 

input and output, and additional costs for features like "thinking" or context caching. 

Strategy for Management: 

• User Education (Implicit): The presence of documentation2.html on "Rate Limits 

& Usage Costs" implicitly educates potential users or administrators about the 

underlying cost model, encouraging mindful use. 

• History Feature: The client-side history helps manage costs by allowing users to 

retrieve previously generated content without making new API calls. 

5.3. Content Quality and Relevance (Model Limitations) 

While powerful, LLMs can sometimes produce content that is: 

• Factually Incorrect: Hallucinations or outdated information. 

• Irrelevant: Missing key aspects or focusing on less important details. 

• Suboptimal Format Adherence: Not perfectly following the requested output 

format. 

Strategy for Management: 

• User Guidance (details field): The "Additional Details/Requirements" field allows 

users to add specific constraints or critical information, reducing the likelihood of 

irrelevant content. 

• Frontend Formatting Functions: The index.js contains functions 

(formatBulletPoints, formatStepByStep, etc.) that attempt to apply a consistent 

visual structure even if the AI's raw output isn't perfectly formatted. This acts as a 

post-processing layer to enhance readability. 

• Iterative Refinement: If initial content is not satisfactory, users can modify the input 

parameters (especially the details field) and re-generate, fostering an iterative 

content creation process. 


