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p In the applications of AI, it needs to characterize the difference of 
individuals in both personal information and latent features
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p Cognitive Diagnosis (CD)
p Goal: Diagnosing the cognitive states of each learner (i.e., proficiency on specific 

knowledge concepts) by fitting their practice records (i.e., practice correctness)
p Components: Learners, questions and knowledge concepts
p Applications: Supporting personalized tutoring services

Cognitive Diagnosis
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p Current CD models mainly focus inner-learner modeling, but ignore 
inter-learner information
p Inner-learner: Individual attributions and practice records
p Inter-learner: Collaborative clues between learners with similar cognitive states

Current Limitation of CD

7

Individual
practice records



University of Science and Technology of China (USTC), Hefei, Anhui, P.R.China.

NeurIPS
2024

p Current CD models mainly focus inner-learner modeling, but ignore 
inter-learner information
p Inner-learner: Individual attributions and practice records
p Inter-learner: Collaborative clues between learners with similar cognitive states

Current Limitation of CD

8

E

?
Individual

practice records



University of Science and Technology of China (USTC), Hefei, Anhui, P.R.China.

NeurIPS
2024

p Current CD models mainly focus inner-learner modeling, but ignore 
inter-learner information
p Inner-learner: Individual attributions and practice records
p Inter-learner: Collaborative clues between learners with similar cognitive states

Current Limitation of CD

9

?

Good
proficiency

Individual
practice records

Collaborative clues

E



University of Science and Technology of China (USTC), Hefei, Anhui, P.R.China.

NeurIPS
2024

p Our research goal

Motivation
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An ideal cognitive diagnosis model should
consider both inner- and inter- learner information
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We propose Coral, a Collaborative cognitive diagnosis model with disentangled representation 
Learning for both inner- and inter- learner information Modeling
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Inner-learner modeling:
p Disentangle the learner’s cognitive state into multiple 

components

p Optimize disentangled cognitive states by fitting their 
practice performance

Disentangled inner-
learner  cognitive states
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Inter-learner modeling (1/2):
p Find K collaborative neighbors 

with similar cognitive states for 
each learner

p Theoretically derive the optimal 
condition ( ) 
for building the collaborative 
graph of learners

From steps 1 to K, iteratively search for 
the 𝒌-th collaborative neighbor with the 
most similar cognitive state to the current 
context (existing (𝒌-1)-th neighbors).
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Inter-learner modeling (2/2):
p Based on learner collaborative graphs at each disentangled 

component, we design a context-aware GCN to learn 
collaborative learner cognitive states

Disentangled inter-
learner cognitive states
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Inner- and inter- view alignment
p Achieve the co-disentanglement of inner- and inter- learner cognitive states 
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p Dataset
p Each dataset contains learner practice correctness on specific questions

Experiments
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p Evaluation of learner practice performance prediction

Experiments

20

The Coral model nearly outperforms all 
baseline models across three datasets
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p Visualization of iteratively searching collaborative neighbors
p Randomly select two learners as examples, and visualize their collaborative 

neighbors searching processes

Experiments
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Coral organizes neighbors according to cognitive states and exemplifying a compelling 
strategy for neighbor selection that takes into account cognitive similarity
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p Evaluation of the disentanglement effectiveness
p Metric:

p The higher the IL, the higher the degree of 
     disentanglement

Experiments
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• Coral gradually achieves a high degree of 
disentanglement during the training process

• Model performances generally exhibit a positive 
correlation with the degree of disentanglement
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p Introduce collaborative modeling into cognitive diagnosis (CD)
p An ideal cognitive diagnosis model should consider both inner- and inter- learner information

p Propose the Coral model
p Inner-view: Disentangle learners’ cognitive states into multiple components
p Inter-view: (1) Iteratively construct learner collaborative graphs at each disentangled 

components; (2) Design the context-aware GCN to model collaborative clues
p Co-disentanglement: Fuse both inner- and inter- learner cognitive states

p Experiments 
p Proving Coral’s effectiveness of collaborative modeling and disentanglement
p Project homepage: https://github.com/bigdata-ustc/Coral

Conclusion
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