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From dependence  to causation



Causal Models [10]Artificial Intelligence   2021-2022

Causes and Effects: the Simpson’s Paradox [1922]
▪



Causal Models [11]Artificial Intelligence   2021-2022

Causes and Effects: the Simpson’s Paradox [1922]
▪

Age



Causal Models [12]Artificial Intelligence   2021-2022

Causes and Effects: say it with graphs
▪

A

X Y

A

X Y



Causal Models [13]Artificial Intelligence   2021-2022

Causes and Effects: say it with graphs
▪

X Y

Y X

A

X Y



Causal Models [14]Artificial Intelligence   2021-2022

R = 0 R = 1

D = 0 25 55 80 69%

D = 1 71 192 263 73%

96 247 343

R = 0 R = 1

D = 0 36 234 270 87%

D = 1 6 81 87 93%

42 315 357

R = 0 R = 1

D = 0 61 289 350 83%

D = 1 77 273 350 78%

138 562 700

Causes and Effects: say it with graphs
▪

G

D

R

•

•

G

D R



Causal Models [15]Artificial Intelligence   2021-2022

R = 0 R = 1

D = 0 25 55 80 69%

D = 1 71 192 263 73%

96 247 343

R = 0 R = 1

D = 0 36 234 270 87%

D = 1 6 81 87 93%

42 315 357

R = 0 R = 1

D = 0 61 289 350 83%

D = 1 77 273 350 78%

138 562 700

Causes and Effects: say it with graphs
▪

G

D

R

•

•

G

D R



Causal Models [16]Artificial Intelligence   2021-2022

R = 0 R = 1

D = 0 25 55 80 69%

D = 1 71 192 263 73%

96 247 343

R = 0 R = 1

D = 0 36 234 270 87%

D = 1 6 81 87 93%

42 315 357

R = 0 R = 1

D = 0 61 289 350 83%

D = 1 77 273 350 78%

138 562 700

Causes and Effects: say it with graphs
▪

G

D R

G = 0 0.49

G = 1 0.51

G = 0 G = 1

D = 0 0.23 0.76

D = 1 0.77 0.24

G = 0 G = 0 G = 1 G = 1

D = 0 D = 1 D = 0 D = 1

R = 0 0.31 0.27 0.13 0.07

R = 1 0.69 0.73 0.87 0.93



Causal Models [17]Artificial Intelligence   2021-2022

Causes and Effects: say it with graphs
▪

G

D R

G = 0 0.49

G = 1 0.51

G = 0 G = 1

D = 0 0.23 0.76

D = 1 0.77 0.24

G = 0 G = 0 G = 1 G = 1

D = 0 D = 1 D = 0 D = 1

R = 0 0.31 0.27 0.13 0.07

R = 1 0.69 0.73 0.87 0.93



Causal Models [18]Artificial Intelligence   2021-2022

R = 0 R = 1

D = 0 25 55 80 69%

D = 1 71 192 263 73%

96 247 343

R = 0 R = 1

D = 0 36 234 270 87%

D = 1 6 81 87 93%

42 315 357

R = 0 R = 1

D = 0 61 289 350 83%

D = 1 77 273 350 78%

138 562 700

Causes and Effects: say it with graphs
▪

G

D

R

•

•

•

G

D R



Causal Models [19]Artificial Intelligence   2021-2022

Causation and observations



Causal Models [20]Artificial Intelligence   2021-2022

Causation and observations

▪

G D R

D R

G

G

D R

G

D R



Causal Models [21]Artificial Intelligence   2021-2022

Causation and observations

▪

G

D R

G D R(D=0) R(D=1)

1 0 1 ? 1

2 1 1 ? 0

3 1 0 1 ?

4 0 1 ? 1

5 0 0 0 ?

... ... ... ... ...

N 1 0 1 ?



Causal Models [22]Artificial Intelligence   2021-2022

Causation and observations

▪

G

D R



Causal Models [23]Artificial Intelligence   2021-2022

Causal Models
(do-calculus)
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do-calculus:
Is it that simple?

(not so fast...)
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