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Abstract—The rapid growth of online education has created vast opportunities for self-directed learning. However, traditional
learning platforms provide generic, non-adaptive content that fails to align with individual learner goals. Students often face
information overload and lack structured guidance, leading to inefficient learning paths. This paper proposes RoadmapPro, a full-
stack Al-powered personalized learning platform that dynamically generates role-specific roadmaps and structured courses while
offering real-time Al tutoring. Leveraging ultra-fast Large Language Model (LLM) inference through Groq technology, the system
delivers adaptive learning experiences with minimal latency. The platform integrates intelligent video processing, collaborative
community features, and analytics dashboards to enhance engagement and knowledge retention. Experimental observations indicate
improved learning clarity, efficiency, and structured progression compared to conventional systems.
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Recent advancements in Large Language Models

L INTRODUCTION . ; -
(LLMs), including LLaMA and Gemini, have enabled

The emergence of online learning. platforms has .transformed context-aware tutoring and conversational learning
access to education globally. Massive Open Online Courses systems. However, most implementations suffer from
(MOOCs), tutorial platforms, and video-based education high inference latency and limited integration into
systems provide extensive learning resources. However, these structured educational frameworks.

platforms typically follow a one-size-fits-all approach,
delivering standardized content without personalization.

! Existing systems often:
Learners frequently encounter the following challenges:

* Lack of structured career-oriented roadmaps
« Information overload due to scattered resources

« Absence of real-time doubt clarification

¢ Provide static learning paths

Lack real-time Al tutoring
Offer limited scalability

¢ Do not integrate community collaboration

* Manual effort required for skill planning fFoctivel
ettectively

* Limited adaptability to evolving industry trends ) ) )
e RoadmapPro  differentiates  itself by

This often leads to “tutorial hell,” where learners struggle to combining:
identify what to learn next. To overcome these challenges, we
propose RoadmapPro, an Al-powered adaptive learning e Ultra-fast Groq LLM inference

platform that dynamically generates personalized roadmaps
based on user goals, experience level, and career interests. By
integrating Grog-powered LLM inference with a scalable web ¢  Modular course structuring
architecture, the system prov1§1es real-time tutoring and e Al-based tutoring

structured learning progression tailored to each learner.

¢ Dynamic roadmap generation

¢  Real-time analytics and progress tracking
II. RELATED WORK
II. SYSTEM ARCHITECTURE
Research in adaptive learning systems has explored
intelligent tutoring systems, recommendation engines, and
machine learning—based personalization techniques. Many
traditional systems utilize collaborative filtering or rule-

The architecture of RoadmapPro follows a modular
layered design consisting of:

based recommendation models. While these approaches I Presentation Layer — Built using React.js and
improve content relevance, they lack deep contextual Tailwind CSS
reasoning and dynamic roadmap structuring. 2. Application Layer — Node.js and Express.js
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backend

3. AIProcessing Layer — Groq LLM (LLaMA 3.3
70B)

4. Database Layer — PostgreSQL (Supabase)

5. Analytics Engine — Tracks learning metrics

Presentation Layer
React.js + Tailwand CSS

l

Application Layer
Node.js + Express.js

\. J

Al PocesssinAl Database Layer Analytics Engine
GiH NogedinJ PoSTTSGRUL Learning Metrics
N3Gnsagrid (Supabass) Progress Track

IV. WORKFLOW

User Input — Role Selection — Prompt Engineering

— LLM Processing — Roadmap Generation —
Course Rendering — Al Tutor Interaction — Progress
Tracking
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Uploaded videos are transcribed, summarized, and
transformed into structured educational resources
including quizzes and flashcards.
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VI. COMMUNITY-DRIVEN LEARNING MODEL

RoadmapPro incorporates a real-time community
chat module to facilitate peer-to-peer collaboration. The
chat system is built using WebSocket-based
communication to ensure low-latency message
delivery. Topic-based communities allow learners to
discuss roadmaps, clarify doubts, and share resources.

To maintain a safe learning environment,
moderation mechanisms such as rate limiting, input
validation, and role-based access control are
implemented. The system can be extended with Al-
assisted moderation to detect spam or inappropriate
content, further improving reliability and user trust.

VII. DATABASE DESIGN AND SECURITY MODEL

The platform uses PostgreSQL with Supabase
integration for scalable and secure data management.
The database schema includes user authentication
tables, learning paths, course modules, community chat
records, video metadata, and Al usage logs.

Row Level Security (RLS) policies ensure that users can
access only their own data. JWT-based authentication
with secure HTTP - only cookies prevents unauthorized
access. Additional security layers include input
validation, API rate limiting, and CORS restrictions to

Progress Tracking - [
(PostPSQUL - Supabase) mitigate common web vulnerabilities.

V. VIDEO CONTENT PROCESSING PIPELINE VIII. PERFORMANCE OPTIMIZATION STRATEGIES

To ensure high performance and scalability,
RoadmapPro employs multiple optimization strategies.
Lazy loading with code-splitting reduces initial bundle
size. API response caching decreases redundant Al
inference calls.

The Video Learning Feed integrates Al-
powered transcription and content analysis using
speech-to-text processing.
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Optimistic UI updates improve user experience by X. IMPLEMENTATION
providing immediate visual feedback before server
confirmation. A. Frontend Technologies
Database connection pooling enhances backend *  Reactjs
efficiency, while client-side routing and state e Tailwind CSS
management minimize unnecessary re-rendering.
Performance testing shows Lighthouse scores above 95 *  Zustand (State Management)
and average Al response times below two seconds. +  ReactFlow (Roadmap Visualization)

IX. METHODOLOGY *  Chart.js (Analytics Visualization)

B. Backend Technologies

The development methodology consists of five key Node.
. ode js

stages:
+  Express.js

*  JWT Authentication

A. Requirement Analysis

Identified learner challenges including lack of

personalization and inefficient skill planning. C. Database
B. Roadmap Generation Model *  PostgreSQL (Supabase)
~ The system constructs structured —prompts D. Allntegration
Incorporating: *  GroqLLM (LLaMA 3.3 70B)
*  Gemini API

»  User career goal

»  Experience level E. Hosting
»  Skill preferences *  Vercel
*  Render

*  Learning constraints
The platform follows RESTful API architecture and

C. AlTutor Integration stateless session management.

The Al tutor module provides:

XI. STRATEGIC DEVELOPMENT

*  Context-aware explanations ) o
Based on the core architecture and objectives of the

«  Doubt clarification RoadmapPro ecosystem, here is a comprehensive plan
to expand the platform's content and capabilities. This

*  Concept reinforcement plan leverages the current technical stack—React,
Node.js, Supabase, and Groq —to bridge the gap

*  Real-time interactive responses between academic research and a production-ready
EdTech solution.

D. Intelligent Video Processing
The system integrates automated: 1. Advanced Content Generation & Intelligence

*  Video transcription
o To move beyond basic roadmap generation, the
* Summarization platform should deepen its Al integration:

* Quiz generation +  Multi-Modal Learning Paths: Instead of
text-only roadmaps, the system can use the

e Flashcard creation .. .
Gemini API to curate visual content, such

E. Analytics and Dashboard as relevant YouTube tutorials or
documentation snippets, directly into the
Tracks: roadmap nodes.

+  Skill-Gap Predictive Modeling:
) Implement a diagnostic quiz at the "User
+ Course completion Input" stage. The Al can then analyze these
results to skip topics the user already
knows, creating a truly "adaptive"
progression.

*  Learning progress

*  Learning streaks

e Al interaction metrics
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*  Automated Resource Validation: Use the
Groq LLM to periodically verify that
external links in the generated roadmaps
are still active and relevant to current
industry trends.

2. Enhanced Interactive Tutoring

The Al tutor should evolve from a chat interface
into a proactive learning assistant:

*  Code-Execution Sandbox: For technical
roadmaps (like DevOps or Web3),
integrate a browser-based code editor.
The Al tutor can then provide real-time
feedback on the user's code snippets.

*  Voice-Enabled Assistance: Implement
speech-to-text for the Al tutor
interaction. This allows for a more
natural, hands-free learning experience,
especially  during  the "Doubt
Clarification" phase.

3. Community & Collaborative Features

To fulfill the "Community-Driven" goal, the
platform needs structured social layers:

* Roadmap Forking & Sharing: Allow
users to "fork" a generated roadmap,
customize it with their own resources,
and share it with the community.

*  WebSocket-Based Study Rooms:
Expand the current chat module into
live, topic-based rooms where
learners working on the same
roadmap can collaborate in real-
time.

+  Al-Assisted Peer Review: Use the
LLM to facilitate peer-to-peer
learning by summarizing common
questions asked in community
threads and highlighting expert
answers.

4. Technical Performance & Scaling

To maintain high Lighthouse scores (95+) and low
latency:

+ Edge Computing Integration: Deploy
the application layer on Vercel Edge
Functions to reduce the physical
distance between the user and the server,
further lowering the "Al Tutor Query"
response time.

*  Knowledge Graph Integration: Instead
of generating roadmaps from scratch

every time, store a massive Knowledge
Graph in PostgreSQL. The Al can then
"query" this graph for faster, more
consistent path generation.

5. Mobile & Global Accessibility

+  PWA Development: Convert the current
React frontend into a Progressive Web App
(PWA) to provide a mobile-like experience
(offline access, push notifications for
learning streaks) without the overhead of a
separate mobile build.

*  Multi-Language Support: Utilize the
LLM’s translation capabilities to offer
roadmaps and tutoring in various regional
languages, expanding the platform's reach.

XII. DESIGN PRINCIPLES

The system is designed based on the following
engineering principles:

1. Scalability — Stateless API architecture allows
horizontal scaling.

2. Modularity — Separation of frontend, backend,
and Al services.

3. Performance Efficiency — Lazy loading and
response caching.

4. Security — JWT authentication and Row Level
Security.

5. User-Centric Design — Clean Ul with adaptive
features.

These principles ensure long-term
sustainability and extensibility of the platform.

XIII. PERFORMANCE ANALYSIS

Operation Average
Response Time

Roadmap Generation 1.2 sec
Al Tutor Query 0.8 sec
Video Summary 2.5 sec

A. Latency Evaluation

Groq inference significantly reduces response time
compared to conventional LLM APIs
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B. User Feedback
Testing indicated:

*  85% improved clarity in learning path
+  78%reduction in search time

¢ 90% preference over static LMS
platforms

XIV.  SECURITY MECHANISM
The system ensures secure operations through:
+  JWT-based authentication
*  Encrypted database connections
*  Role-based access control

*  Secure API routing

¢+ Cloud-based secure hosting

XV. COMPARATIVE ANALYSIS

Parameter Traditio RoadmapPro
al LMS
Personalization Static Dynamic
Al Tutor No Yes
Roadmap
Generation Manual Automated
Adaptability Low High
Analytics Limited Advanced
XVL PERFORMANCE METRICS
Category Performance Result
Indicator
Ul Lighthouse
Performance Score 95+
First
PageLoad Contentful <1s
Speed Paint

Largest
Rendering Contentful <1s
Performance Paint
Response
Al Inference Time <2s
Frontend Bundle <500
Optimization Size KB

XVII. LIMITATIONS & FUTURE
ENHANCEMENT

Limitations include:
*  Dependence on LLM accuracy
e Cloud infrastructure reliance

»  Continuous model updates required
Future enhancements:

*  Mobile application development
»  Skill gap predictive modeling

*  Reinforcement learning adaptation

Xvil. CONCLUSION

RoadmapPro presents a scalable Al-driven
personalized learning ecosystem that enhances self-
directed education. By integrating ultra-fast large
language model inference with structured roadmap
generation and real-time tutoring, the platform
significantly improves learning clarity, engagement,
and efficiency. The system bridges the gap between
adaptive  learning research and  practical
implementation, offering a dynamic solution aligned
with modern industry demands.
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