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➢ : input image (human face), : label prediction (attractiveness) 

➢ : high cheekbones, : smiling, : gender 
➢ Standard black-box models and concept-based models are effective 

at predicting labels based on statistical correlations in the data. 

➢ Counterfactual question: "What if they had smiled?" —   

➢ Existing models cannot answer their own counterfactual questions.
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Background & Motivation

➢ : predictor of the label — (a) , (b) , (c)  

➢ : features involved in counterfactual question (e.g., ) 
➢ Question: For which type of models can we evaluate a 

counterfactual question ? 

➢ [Theorem] A model is causally interpretable w.r.t. a query 
 if and only if . 

➢ [Implication] Blackbox models are never causally interpretable. 

➢ [Implication] For concept-based models,  should not include the 
descendants of . (We do not need to know the full causal graph!) 
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Conclusion

➢ Standard black-box and concept-based models cannot answer their 
own counterfactual “what-if” questions, a fundamental limitation we 
prove formally.  

➢ We introduce the first causal framework for building 
interpretable-by-design models, revealing a precise trade-off 
between interpretability and predictive accuracy.

CelebA

➢ Predictive power decreases as we want the models to answer more 
counterfactual queries. 

➢ Counterfactuals that can be evaluated from the model decrease as 
the predictive power increases.

➢ We examine how a model makes predictions under the 
counterfactual conditions "Would the person look attractive had they 
smiled?", for causally interpretable models.

Can we understand the model’s 
counterfactual predictions under 

hypothetical “ What if ” questions? 

Answer: Depends on the model 
architecture!

Accuracy-Interpretability Trade-off


