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Counterfactual Concept Bottleneck Models predict concept & task labels (the “What?”), simulate concept interventions 
(the “How?”) and imagine interpretable counterfactuals (the “Why not?”)
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Enhance human-machine interactions
What? 
Predict class labels for new inputs → Prediction
e.g., “What is the diagnosis for the X-ray image?”

How?
Simulate changes to evaluate how they impacts class predictions → Intervention
e.g., “How would the absence of collapsed lung impact the presence of pneumothorax?”

Why not?
Imagine alternative scenarios that result in different class predictions → Counterfactuals 
e.g., “Why is the patient not having pneumothorax?”



No model is trained to answer all these three question at once

Black Box:  ✅ What?  ❌ How? ❌ Why not?

Concept Bottleneck Models: ✅ What?  ✅ How? ❌ Why not?

Post-hoc Counterfactuals Generators: ✅ What?  ❌ How? ✅ Why not? 
       ⚠ Not Interpretable Counterfactuals



Counterfactuals 
Concept Bottleneck Models



Results - What?

Task and Concept AUC



Results - How?

Concept Importance on dSprites Concept Importance distributions on MNIST and CUB



Results - Why not?

Validity



Results - Why not?
Sparsity / Proximity Variability / IoU

Accuracy / Proximity after proposed Interventions Computing Time
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Why is the diagnosis not 
“Healthy”?

How would “Collapsed 
Lung=F” impact  the 
diagnosis?

What is the diagnosis?
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