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Concept Graph Models enable understanding & intervening  in a model’s causal reasoning process.
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Causal Opacity
Causal Opacity: lack of transparency in a model’s internal causal reasoning

Causal Discovery: recover the causal structure of the real world.

Causal Opacity IS NOT Causal Discovery

even though in reality:

  smoking → lung cancer → heart attack

Example: 

A model might predict:

  lung cancer → smoking → heart attack



Problem Statement

Black Box:
❌ Semantically
      Opaque
❌ Causally
      Opaque

CBMs:
✅ Semantically
      Transparent
❌ Causally
      Opaque



Causal Concept Graph Models
Idea: remove independence assumption from CBMs, add a graph.

Architecture: 
Model all possible 
dependencies

Optimization: 
Sparsify connections 
to a DAG

Inference: 
Unroll the 
connections

Intervention: 
Modify the 
reasoning steps



Results - Performance
Label (Concepts and Tasks) Accuracy



Results - Discovered Graph



Results - Intervenability
Label Relative Improvement Concept Relative Improvement



Results - Counterfactuals



Results - Make two variables causally independent

 Residual Concept Causal Effect

❌
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