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Simpson’s paradox
in statistics

and its causal resolution



P(recovery | drug)  >  P(recovery | no drug)

P(recovery | drug, male)  <  P(recovery | no drug, male)

P(recovery | drug, female)  <  P(recovery | no drug, female)

drug no drug

male 180/300 = 60% 70/100 = 70%

female 20/100 = 20% 90/300 = 30%

combined 200/400 = 50% 160/400 = 40%

Recovery probability
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P(recovery | drug)  >  P(recovery | no drug)

P(recovery | drug, male)  <  P(recovery | no drug, male)

P(recovery | drug, female)  <  P(recovery | no drug, female)

Therefore: stratify the data by the common cause

Biological 

Sex

Treatment

Recovery



“statisticians are invariably motivated by causal questions 

but the peculiar nature of these questions is that they 

cannot be answered, or even articulated, in the traditional 

language of statistics.

[…]

causation is not merely an aspect of statistics; it is an 

addition to statistics, an enrichment that allows statistics to 

uncover workings of the world that traditional methods 

cannot”

From: J. Pearl, M. Glymour and N. Jewell, ‘Causal 

Inference in Statistics’
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Causal structures with 
hidden variables



Yes No

Yes 79% 21%

No 43% 57%
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Causal structure Parameters

A distribution is said to be compatible with a given 

causal structure if there are parameters that yield it
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Example of causal compatibility constraint:

Pearl, 1993
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Clauser, Horne, Shimony and Holte, Phys. Rev. Lett.23, 880 (1967)
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Barrett, Lorenz, Oreshkov, arXiv:1906.10726
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Causal compatibility constraints:

Tsirelson, Lett. Math. Phys. 4, 93 (1980)
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or

Violation of 

Instrumental 

Inequalities

Witnessing need for 

different structure

Witnessing 

quantumness

van Himbeeck, Bohr Brask, Pironio, Ramanathan, Sainz & Wolfe, 

Quantum 3, 186 (2019)

Chaves, Carvacho, Agresti, Di Giulio, Aolita, Giacomini & Sciarrino, 

Nat. Phys. 47, 291296 (2018)



Some causal structures that admit of inequality constraints
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Collaboration with experimental group of Fabio Sciarrino

Targeting the quantum-classical gap described in:

Fritz, New J. Phys. 14, 103001 (2012)

Polino et al., Nature Communications 14, 909 (2023)
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Data-seeded inflation technique

This causal compatibility inequality 

is violated by the data
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The formalism and conceptual scheme of causal 
inference resolved various puzzles of statistics 

(e.g., Simpson’s paradox)

The lesson: 
We must unscramble the omelette of inference 

and causation both conceptually and in the 
formalism



But what hope do we have of succeeding 
in the quantum context if we do not 

understand how to do so in the classical 
context?
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≈
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Notions of Space 

and Time
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Classical 

Causation and Inference
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