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This presentation is based on:

1. Understanding the Simpson’s Paradox, by Judea Pearl 
(2013)

2. Causality Course, by Brady Neal:

https://www.bradyneal.com/causal-inference-course
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https://www.bradyneal.com/causal-inference-course


Motivating examples
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Correlation ≠ Causation



Correlation ≠ Causation (1)
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Sleep with shoes Headache next morning.



Correlation ≠ Causation (2)
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Sleep with shoes Headache next morning.

Heavy drinking before



Correlation ≠ Causation (3)
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Sleep with shoes Headache next morning.

Heavy drinking before

Causal Association

Confounder 
Association



Randomized Control Trials (RCT), (1)
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Randomized Control Trials (RCT), (2)
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X

T Y
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RCT eliminates confounding association

RCT



Randomized Control Trials (RCT), (3)
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X

T Y

X

T Y

RCT eliminates confounding association

RCT

Sadly, RCT can are often expensive, unethical or even impossible.



How do we measure causal effects
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Observational studies



Motivating example : Treatment to choose (1)
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T : Treatment (A or B)

☠ Death rate table:

T Total☠
A 16 %

(240 / 1500)

B 19 %
(105 / 550)

Decision Makers :
Need to invest in a Treatment. 
Which one? which is better, A 
or B ?



Motivating example : Treatment to choose (2)
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T : Treatment (A or B)

☠ Death rate table, with mode details about symptoms intensity:

T Mild Symptoms. Severe Symptoms Total☠
A 15 %

(210 / 1400)
30 %
(30 / 100)

16 %
(240 / 1500)

B 10 %
(5 / 50)

20 %
(100 / 500)

19 %
(105 / 550)

Decision Makers:
Wait… what !?



Motivating example : Treatment to choose (3)
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T : Treatment (A or B)

T Mild Severe ☠

A 15 %
(210 / 1400)

30 %
(30 / 100)

16 %
(240 / 1500)

B 10 %
(5 / 50)

20 %
(100 / 500)

19 %
(105 / 550)



Motivating example : When is B prefered ?
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C

T Y

Causal Graph:

Symptom intensity (C)  causes 
Treatment (T)

Treatment A Treatment B

Mild Symptoms Severe Symptoms



Motivating example : When is A prefered ?
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C

T Y

Causal Graph:

Treatment (T) causes Symptom 
intensity (C) , due to waiting list

Treatment A Treatment B

Mild Symptoms Severe Symptoms



Measure causal effects in observational data (1)
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For our example, we adjust/control for confounders

T Mild Severe ☠

A 15 %
(210 / 1400)

30 %
(30 / 100)

16 %
(240 / 1500)

B 10 %
(5 / 50)

20 %
(100 / 500)

19 %
(105 / 550)

C

T Y



Measure causal effects in observational data (2)
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T Mild Severe ☠ causal

A 15 %
(210 / 1400)

30 %
(30 / 100)

16 %
(240 / 1500)

19.4 %

B 10 %
(5 / 50)

20 %
(100 / 500)

19 %
(105 / 550)

12.9 %



Done with pyAgrum (1)
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Done with pyAgrum (2) : Learning
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Done with pyAgrum (3): Inference
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Look, that 
Simspon’s paradox 
still there !



Done with pyAgrum (4)
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Done with pyAgrum (5)
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Simspon’s paradox 
still there !



Done with pyAgrum (6)
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Treatment A Treatment B

Mild Symptoms Severe Symptoms



Done with pyAgrum (7)
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Treatment A Treatment B

Mild Symptoms Severe Symptoms



Done with pyAgrum (8) 
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SOME CAUSAL DIAGRAMS (LIKE THESE) 
WON’T EVER GENERATE SIMPSON’S 
PARADOXES



Done with pyAgrum (9) : Backdoors
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IF THERE IS A 
BACKDOOR, YOU MUST 
CONDITION ON IT.

IF THERE IS A 
BACKDOOR CHOOSE B



Done with pyAgrum (10): Backdoors
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IF THERE IS A LATENT VARIABLE AS 
BACKDOOR, THERE IS NOTHING TO DO.



Done with pyAgrum (11): Backdoors
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IF THERE IS NO BACKDOOR, CHOOSE THE 
AGGREGATE.



Summary
When facing the Simpson's Paradox:

1. Draw a causal Diagram
2. If the is a backdoor

a. If it is observed, the right decision it to use it as conditioning variable
b. If it is unobserved, no conclusion can be made.

3. If there is no backdoor, the right decision is to use the 
aggregate result.
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Thank you.


