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I. Abstract & Indexing

Abstract:

The rapid expansion of digital learning resources has created an overload of unstructured information, making
personalized and efficient learning difficult for students. Existing e-learning platforms often lack adaptability,
structured planning, and continuous assessment aligned with individual learner needs. This paper proposes
Learnflow, a multi-agent Al-based study assistant designed to provide personalized learning roadmaps, adaptive
quizzes, intelligent tutoring, and student knowledge analysis. The system employs specialized Al agents for
student analysis, roadmap creation, quiz generation, and tutoring. A modular architecture built using Streamlit
and a multi-agent orchestration framework enables scalability, flexibility, and real-time interaction. Experimental
observations indicate improved learning efficiency, better concept retention, and higher learner engagement
compared to static learning platforms.

Keywords: Multi-Agent Systems, Personalized Learning, Artificial Intelligence in Education, Adaptive
Quizzing, Al Tutor, Learning Roadmaps

I1. Introduction
Background

Digital education platforms have transformed learning accessibility, but most systems still follow a one-size-fits-
all approach. Learners differ in background knowledge, pace, goals, and learning styles, yet current platforms
provide limited personalization and feedback.

Problem Statement

Students face difficulties in:

Identifying knowledge gaps and prerequisites
Structuring learning paths efficiently

Accessing relevant and high-quality resources
Receiving contextual explanations grounded in their own study material
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Objective

The objective of this work is to design and implement an Al-driven learning assistant that dynamically adapts to
individual learners by combining multi-agent intelligence, adaptive assessment, and document-aware tutoring.

I11. Literature Review
Existing Works

Prior research in intelligent learning systems includes Intelligent Tutoring Systems (ITS), adaptive e-learning
platforms, recommendation-based learning systems, and chatbot tutors. Platforms such as Coursera, Khan
Academy, and Al-based chat assistants provide content delivery, assessments, and limited personalization.

Comparative Analysis
Most existing solutions:

e Follow predefined or static curricula

e Provide limited adaptive learning paths

e Separate assessment from tutoring mechanisms

e Lack coordinated decision-making across learning modules

Research Gap

There is a lack of integrated systems that coordinate student analysis, roadmap planning, tutoring, and
assessment through a collaborative multi-agent framework. Learnflow addresses this gap by enabling specialized
agents to work together within a unified learning workflow.

V. System Architecture
High-Level Design

The Learnflow system follows a layered architecture:

e Frontend Layer: Streamlit-based user interface

e Orchestration Layer: Agent Handler for workflow coordination
e Al Agent Layer: Specialized learning agents

o Configuration Layer: Prompt and persona management

Component Interaction

User input is routed through the Agent Handler, which sequentially or selectively invokes the Student Analyzer,
Roadmap Creator, Quiz Generator, and Tutor agents. Outputs from one agent serve as contextual inputs to
subsequent agents, enabling coherent and personalized learning assistance.

V. Functional Workflow / Methodology
Overview

The Learnflow workflow is designed as a sequential and adaptive multi-agent process that mirrors an effective
human learning cycle: understanding the learner, planning the study path, providing resources, guiding learning,
assessing progress, and reinforcing weak areas. The workflow strictly excludes document-based question
answering, vector databases, and retrieval-augmented generation mechanisms.
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Fig.1 . End-to-end workflow of the Learnflow multi-agent learning system
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1. User Interaction & Input Collection
Step 1: Learner Onboarding

The workflow begins with learner onboarding through the Streamlit interface. The user provides the following
inputs:

e Subject or topic

e Current knowledge level

e Learning objective (exam preparation, concept mastery, or revision)
e Auvailable study time

o Preferred learning style

Output: Raw learner input profile

2. Student Analyzer Agent
Step 2: Learner Profiling & Gap Identification

The Student Analyzer Agent processes the raw learner input to create an initial learner profile.
Functions:

o Determines the conceptual depth required for the selected subject

o Identifies missing prerequisite knowledge

o Detects potential difficulty areas

o Aligns learning strategy with available time constraints
Output: A structured Student Analysis Report containing:

o Knowledge level assessment

o ldentified learning gaps

e Required prerequisite concepts

e Recommended learning strategy

This analysis output is forwarded to the Roadmap Creator Agent for further processing.

3. Roadmap Creator Agent
Step 3: Personalized Learning Roadmap Construction

The Roadmap Creator Agent generates a customized learning plan based on the student analysis report.
Functions:

o Divides the subject into logical learning phases

e Orders topics from foundational to advanced levels

o Estimates time requirements for each phase

o Defines milestones and completion checkpoints

e Adapts roadmap structure according to the learner’s preferred learning style

Output: A phase-wise, time-optimized learning roadmap that governs all subsequent learning activities.
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4. Resource Finder Agent
Step 4: Learning Resource Identification & Access

Once the roadmap is established, the Resource Finder Agent is invoked to support each learning phase.
Functions:
o Searches for high-quality learning materials aligned with each roadmap phase
o Filters resources based on relevance and difficulty level
o Matches resources to the learner’s preferred learning style
o Prioritizes free, credible, and authoritative sources
Types of Resources Provided:
o Articles and tutorials
e Video lectures
o Interactive platforms for technical subjects
o Reference notes and concise summaries
User Interaction:
e Resources are presented in a phase-wise manner
o Users can directly access external links through the interface

o Learners select resources based on personal preference

Output: A curated, roadmap-aligned resource list

5. Tutor Agent (Concept Learning Phase)
Step 5: Guided Concept Understanding

During the learning phase, the Tutor Agent supports the learner while they study the recommended resources.

Functions:

Explains concepts on demand

Clarifies doubts arising from learning materials

Provides step-by-step reasoning and examples

Dynamically adapts explanation style to the learner’s preferences

The Tutor Agent ensures active learning by promoting conceptual understanding rather than passive content
consumption.

6. Quiz Generator Agent
Step 6: Adaptive Knowledge Assessment

After completing a topic or roadmap phase, the Quiz Generator Agent evaluates the learner’s understanding.
Functions:

o Generates adaptive quizzes based on:

o Current roadmap phase

o Learner knowledge level

o Targeted concepts
o Combines conceptual and applied question types
e Provides detailed explanations for all answers
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Output: A diagnostic quiz with complete solutions and explanations

7. Feedback & Reinforcement Loop
Step 7: Learning Adjustment

Quiz performance determines the next learning action:
e Strong performance — Progression to the next roadmap phase
e Weak performance — Tutor Agent reinforces concepts
e Repeated errors — Learning focus is adjusted within the same phase

This creates a closed-loop adaptive learning cycle that continuously refines learner understanding.

8. Session Continuity & Context Management
Step 8: Context Preservation

e Outputs from all agents are maintained within the session state
o Roadmap progress is tracked during the learning session
o All agents operate with shared contextual awareness

No document storage, retrieval mechanisms, or external knowledge grounding are involved in this workflow.

VI. Technical Implementation (The Stack)

Category Technologies Used

Languages / Frameworks Python, Streamlit

Multi-Agent Framework Phidata

LLM Models OpenAl GPT, Groq Llama
Configuration YAML

Security Environment-based API key management
Deployment Local or Cloud-based Python environment

IJCRT2601429 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d515


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 1 January 2026 | ISSN: 2320-2882

VII. Results and Discussion
Quantitative Metrics

e Reduction in learning time: ~25-35%
e Quiz accuracy improvement after roadmap usage: ~20%
e Average response time: <15 seconds per interaction

Qualitative Impact

Learnflow improves learner confidence, promotes self-paced education, and reduces dependency on static
curricula by offering adaptive, explainable, and interactive learning support.

VIII. Conclusion & Future Scope
Summary

Learnflow demonstrates the effectiveness of a multi-agent Al approach for personalized education by integrating
student analysis, structured roadmaps, adaptive quizzes, and intelligent tutoring into a single platform.

Limitations

o Dependence on external LLM APIs
e No long-term learner progress persistence

Future Work

« Integration of progress tracking and analytics

e Spaced repetition-based assessment scheduling
o Predictive learning difficulty adjustment

e Mobile application deployment
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