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Confusion in Educational AI

Confusion is a cognitive-affective state during learning, yet it 

remains underexplored in educational AI. Reliable detection can 

support intelligent tutoring systems and expert intervention.

Limitations of Current Dataset

✗ Noisy labels — confusion cues appear in "non-confusion" labeled clips

✗ Coarse 10-sec temporal annotations — confusion cues last ~1–2 sec

✗ Large-scale crowdsourcing — limited expert oversight

①

Two-Second Clip Segmentation

10-sec DAiSEE clips → 5 non-overlapping 2-sec clips

→ 45,000 candidate clips generated

②

Coarse VLM Screening  (Qwen3-VL-4B-Instruct)

Local inference on NVIDIA RTX 3090 GPU

4-level prediction: None / Low / Medium / High

→ 3045 source segments retained (Medium + High + Low)

③

Fine-Grained VLM Screening  (Gemini 3 Flash)

Confidence-aware majority voting over 5 runs

High/Med/Low weighted: 3/2/1

→ 1,348 2-sec clips selected

Researcher Curation

Behavioral protocol: AU4, AU7, AU10, AU24, hand-to-face, 

posture cues. Two independent researchers, agreement 

required → 301 clips selected for expert annotation

⑤

Expert Validation

Two facial expression & human cognition experts

224 ✓ Yes  ·  46 ? Unsure  ·  31 ✗ No

→ 224 golden confusion clips confirmed

④

ConfusionBench — Final Dataset Statistics

➢ Balanced recognition set:

450 clips (224 Yes, 226 No)

➢ Long-video localization set:

10 five-minute videos for confusion localization

Both datasets are continuously being expanded.

Primary:  AU4 (brow lower), AU7 (eyelid tighten)，
AU4 + AU7

Secondary:  AU10 (lip raise),  AU24 (lip press)

Hand-to-face:  chin touching, forehead pressing

Body posture:  forward lean, restless movement

Exclusion:  smiling (in most cases)

  Clip-Level Recognition Experiments

Key Findings

★ Gemini outperforms Qwen by large margin  (F1: 0.814 

vs. 0.629,  +18.5%)

Qwen: conservative predictions, low recall (0.527) → 

many missed confusions

Gemini: higher sensitivity (recall 0.888), better detection 

of subtle cues

Both models show precision ≈ 0.75–0.78, suggesting 

reliable positive predictions when flagging confusion.

Model Acc Prec Rec F1

Qwen3-VL-4B 0.691 0.782 0.527 0.629

Gemini 3 Flash ★ 0.798 0.751 0.888 0.814

  Video-Level Localization Experiments

  Confusion Datasets

  Expert-validated benchmark for confusion recognition and temporal 

localization in educational videos.

  Multi-stage pipeline balance annotation quality with limited expert 

effort.

  Gemini outperforms Qwen, but both remain far from reliable 

deployment.

  Confusion visualization report supports fast, interpretable expert 

intervention.

Future Work: 

➢ Expand the dataset with more long videos and fine-grained 

confusion stage annotations.

➢ Develop an agentic confusion analysis system for educational 

intervention support.

 Educational Application

  Conclusions & Future Work

Student Confusion Report Visualization
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