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Motivation: From Individual to Group
Limitations of Traditional Approaches:
Ø Homogeneous learners, ignoring individuality and social needs
Ø Static interactions, lacking adaptation and long-term dynamics
Ø Missing social dimensions such as peer learning and emotion

Individual Modeling: Virtual 
students with consistent yet 

adaptive personalities
Group Simulation: Multi-agent 
classrooms with emergent 
social behaviors

How to model individual agents 
that are "like real students"?

How to achieve group interactions 
that are "like real classrooms"?
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Motivation: From Individual to Group

Individual Modeling: 
Virtual students with 

consistent yet 
adaptive personalities

Group Simulation: Multi-
agent classrooms with 
emergent social behaviors

Individual Modeling (SOEI) Group Simulation (EduVerse)

✅ "Like real students" 🎯 "Like real classrooms"

Single agent consistency Multi-agent emergence

Teacher-student dialogue Complex social ecosystems

Session-based interaction Developmental trajectories

From "How to model one authentic student?" → "How to simulate authentic 
classroom dynamics while preserving individual uniqueness?"
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EduVerse: A User-Defined Multi-Agent Simulation Space 

Individual Agents → Social Interactions → Classroom Emergence

e

Ø A user-defined environment for 
constructing diverse classroom 
layouts and interaction 
scenarios.

Ø An agent modeling module
based on the CIE architecture 
(Cognition–Interaction–
Evolution) , enabling teachers 
and students to exhibit 
personalized and 
developmental characteristics.

Ø Interaction and evolution 
experiments for simulating 
instructional alignment, group 
interactions, and long-term 
learning dynamics.
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🏫 Four-Tier Hierarchical Spatial Architecture 
Ø Sector Level: Functional zones (Teacher Zone, Student Zone, Activity Zone)
Ø Arena Level: Specific areas within each zone
Ø Object Level: Interactive classroom furniture and equipment
Ø Item Level: Detailed educational materials and tools

Creating an authentic spatial foundation that enables natural 
classroom interactions and supports diverse educational activities.

Environment Modeling: Creating Authentic Classroom Contexts
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Behavior: Questioning
Emotion: Encouragement 
Content: How Mr. Zhu vividly 
portrayed the beauty of spring 
through delicate descriptions?
Feedback: Liu Li, great improvement—
keep up your active participation.

Age: 13 
Gender: Female  
Personality: High Neuroticism 
Class Role: Academic Student 
Learning Motivation: High  
Class Behavior: Often hesitant but 
gradually contributes well-structured 
summaries and personal reflections 
during class. 
Cognitive Style: Field-dependent 
Thinking Tendency: Reflective

🧠 Cognition Engine: The Thinking Brain
Metacognitive regulation provides each 
agent with a personalized "thinking 
brain"

🤝 Interaction Core: Social Coordination 
Hub
Enhanced IRF paradigm supports "who to 
interact with, when to respond, how to 
feedback"

📈 Evolution Layer: Developmental 
Trajectories
Enables virtual students to not only "respond 
appropriately" but also "grow progressively"

Using a unified structure with differentiated parameters to produce identifiable and controllable personality 
traits in student and teacher agents, supporting multi-agent interaction and social evolution.

Agent Modeling: Unified Architecture with Individual Differentiation
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No. Experiment Name Objective Method Summary

I
Cognition-Driven 
Instructional 
Alignment

Verify authenticity and 
stability of classroom 
interactions in user-
defined environments.

Three classroom layouts (lecture, 
collaboration, round-table); analyze
teacher–student IRF structures and 
personality-driven behaviors.

II
Group Interaction 
and Role 
Differentiation

Examine group network 
evolution and role 
changes across classroom 
settings.

Use interaction graphs (nodes, edges, 
density, centrality) to analyze group 
structures and student–teacher 
interaction patterns.

III
Cross-Session and 
Long-Term 
Development

Observe behavioral, 
emotional, and cognitive 
co-evolution across 
sessions.

Track four lessons (e.g., Spring, 
Dedication and Joy in Work) and 
measure behavioral–emotional–
cognitive (BEC) dynamics.

Experimental Validation: Three-Tier Comprehensive Evaluation

Three interconnected experiments were designed to evaluate the feasibility and educational value of the 
EduVerse system, focusing on virtual students’ cognition, social behavior, and learning evolution.
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Answer: Yes.
Ø Simulated IRF (0.34–0.55) matches real classrooms (0.37–0.49)
Ø Agents maintain stable yet adaptive personalities
Ø CIE ablations confirm cognition–interaction–evolution coupling is key.

Experimental I
Can virtual student agents reproduce authentic classroom interactions?
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Answer: Yes.
Ø Interaction patterns shift from centralized to distributed as teaching moves from lecture to collaboration.
Ø Students show emergent role differentiation, taking spontaneous core or bridge positions.
Ø In the Human–Agent Interaction experiment, four subtasks were designed: peer chatting, academic 

responses, teacher Q&A, and teacher intervention. 
 

Experimental II
Do virtual students exhibit natural social structures and differentiated roles?
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Answer: Yes.
Ø Positive transition rate increases by 11.7%. 
Ø Behavior improves fastest, emotion rises steadily, cognition advances gradually—aligned with 

personality traits.

Experimental III
Can EduVerse capture learning development over time?
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The ultimate goal is not to make AI more like students,
but to enable education itself to evolve through AI observation.

Research Summary
💡 Our Contributions

Ø We propose EduVerse, a user-defined, developmental multi-agent simulation framework for virtual 
classrooms.

Ø We introduce the CIE architecture to model cognitive, interactive, and evolutionary agent dynamics.
Ø We validate EduVerse through instantiated experiments in authentic educational settings.

💡 Future Work

Ø Extend EduVerse to broader instructional formats, educational levels, and more diverse classroom contexts 
beyond junior secondary education.

Ø Scale the framework to support larger classrooms and more heterogeneous student populations.
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Detailed Information：Evironment Configuration
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Detailed Information：IRF Annotation
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Detailed Information：BEC Annotation


