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Why Do LLMs Struggle in Classrooms?

✓ Solution: Curriculum-aligned, textbook-grounded answers!



RAG (Retrieval-Augmented Generation) : Making AI Answers Evidence-Based

How RAG Works:

1. Retrieve relevant course 

materials from knowledge base

2. Augment LLM context with 

retrieved information

3. Generate grounded, evidence-

based answers



Vector RAG vs Graph RAG: A Comparison



The Gap: Previous Studies Miss Educational Reality



Three Research Questions for Educators

•  How do Vector and Graph RAG compare?

• Retrieval accuracy across subjects?

• Explanation quality for learning?

RQ1: Accuracy & 
Quality

• Which resists outdated information?

• Which stays faithful to updated textbooks?

RQ2: Handling 
Knowledge 

Updates

• What are setup and query costs?

• Is performance gain worth extra cost?

RQ3: Cost vs. 
Performance



EduScopeQA Dataset

• 4 subjects: History, Literature, Science, CS

• 3 complexity levels

• 3,176 Q&A from ~1.6M words

Why create our own dataset?

• Existing datasets don't reflect educational diversity

• Need realistic multi-subject, multi-scope evaluation  



EduScopeQA: Question Types

1. Specific - Single paragraph facts

Example: "Define photosynthesis”

2. Sectional - Chapter-level synthesis

  Example: "Explain Wilson's diplomacy”

3. Thematic - Cross-chapter reasoning

  Example: "Symbolism in Moby Dick"



RQ2: KnowShiftQA Dataset

• Altered textbooks test curriculum fidelity

• 3,005 Q&A across 5 subjects

• Simulates curriculum updates

Zheng, T., Li, W., Bai, J., Wang, W., & Song, Y. (2025). KnowShiftQA: How Robust are RAG Systems when Textbook Knowledge Shifts in 

K-12 Education? arXiv:2412.08985. Retrieved from https://arxiv.org/abs/2412.08985

https://arxiv.org/abs/2412.08985


CS1: Setup and Evaluation

• Systems: Vector RAG, GraphRAG Local/Global

• LLM-as-judge: Pairwise comparison

• Criteria: Comprehensiveness, Directness, Faithfulness, Learnability



W: Win rate for AI system

w: number of wins for system

t: number for ties for that system

n: number of trials

WIN RATE



CS1: Specific Questions - Vector RAG Excels

• Highest directness and faithfulness

• GraphRAG Global over-summarizes

Vector RAG best for quick facts



CS1: Sectional/Thematic - GraphRAG Global Shines

• Highest comprehensiveness and learnability

• Multi-hop traversal synthesizes evidence

• Strong in Literature and History

GraphRAG Global best for broad topics



CS II: Knowledge Shift Testing

• KnowShiftQA: 5 subjects, altered facts

• Tests: textbook vs. world knowledge

True Information: Night-vision 
goggles detect infrared light

Altered Altered Information: Night-vision 
goggles detect Ultraviolet Light

Question: What type of light is 
detected by night-vision goggles



CS II Results: GraphRAG Local Wins on Large Textbooks

Large textbooks:

• GraphRAG Local: 89% accuracy

GraphRAG Local for large textbooks; Vector RAG for smaller contexts

Smaller corpora:

• Vector RAG competitive



Cost and Latency Comparison

• Vector RAG: Low cost, fast queries

• GraphRAG: 10-20x indexing cost

• Trade-off: Amortize across semesters



Practical Decision Guide for Educators



Smart Solution: Branching Router

LLM router automatically selects:

• Global for thematic questions

• Vector for quick facts

• Local for large textbooks



Key Takeaways

Vector RAG

Quick facts, lowest cost

GraphRAG Global

Thematic, rich explanations

GraphRAG Local

Large textbooks, 89% 

accuracy

Branching Router: Auto-select best method



Future Work



Thank You!
Questions?
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