
A Partial Solution
To the Fundamental Problem of Causal Inference



Some of our most 
important questions are 

causal questions.



Party Leader % Seats

Liberal Justin Trudeau 39.5% 184

Conservative Stephen Harper 31.9% 99

New Democratic Tom Mulcair 19.7% 44

Bloc Québécois Gilles Duceppe 4.7% 10

Green Elizabeth May 3.5% 1
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think + write + discuss

If we increased the magnitude from 1 to 10, what 
would happen to the number of political parties?



?



correlation ↛ causation



Four Ways 
to Get a Correlation

and then one more.
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Note: a confounder is a variable 
that causes both X and Y.
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reverse causation



reverse causation
key explanatory variable outcome variable

causes



reverse causation
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causes

Notic
e the

 the 
arrow

 goes
 

the w
rong

 direct
ion!
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chance



chance
key explanatory variable outcome variable



chance
key explanatory variable outcome variable

Notic
e the

re is 
no 

causa
l arr

ow!

Sometimes, X and Y will be correlated just by chance,  
even when there is no systematic relationship between the two.



−2

0

2

Y ●

●

●

●

●

● ●●

●

●
●

●●

●

●
●

●
●

●

● ●

●

●

●

●

●

●
●

●
● ●

● ●

●

●

●

●●

●
●

●
●●

●
● ●●

●

●

●

−2

0

2

Y

●
●

●

●
●

● ●

●
● ● ●

●

●

●

●
●

●
●● ●

●

●

●

●

● ●
●

●
●

●
●

●

●

●
●

● ●
●

●

●

●
●

●

●

●

● ●
●

●
●

−2

0

2

Y

●
●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●
●● ●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●● ●

●

●●

●

●

●

●

●

●
●

●
●

−2

0

2

Y

●

●

●

●

●
● ●

●
●

●

●
● ●●

●
●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

● ●

●

●

●
●

●

● ●
●●

●
●

●

●

●
●

●

−3 −2 −1 0 1 2 3
X

−2

0

2

Y

●

●
●●

●

●
●

● ●
●

−3 −2 −1 0 1 2 3
X

●

●
●

●

●

●

●

●
●

●

−3 −2 −1 0 1 2 3
X

●●
●

●

●
●

●
●

●

●

−3 −2 −1 0 1 2 3
X

●

●

●

● ●
●

●●

●

●

−3 −2 −1 0 1 2 3
X

●
●

●

●

●

●

●
●

●

●

Pure Noise Generated by a Computer



causation spuriousness

reverse causation chance
no systematic relationship;

correlation simply due to chance



aside: a 5th way



aside: a 5th way

condition on a collider

C

YX

collider
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aside: a 5th way



don’t Condition 
on a collider.



causation spuriousness

reverse causation chance
no systematic relationship;

correlation simply due to chance



Ruling Out the Alternatives
spuriousness and reverse causation 

• a compelling theoretical model (?) 

• randomization 

spuriousness 

• controlling for confounders 

chance 

• statistical inference
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• a compelling theoretical model (?) 

• randomization 

spuriousness 

• controlling for confounders 

chance 

• statistical inference

This is what we’ve  
been doing.
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• a compelling theoretical model (?) 

• randomization 
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• controlling for confounders 

chance 

• statistical inference

We’re about to do this.



Ruling Out the Alternatives
spuriousness and reverse causation 

• a compelling theoretical model (?) 

• randomization 

spuriousness 

• controlling for confounders 

chance 

• statistical inference

We’ll do this by subsetting.



Ruling Out the Alternatives
spuriousness and reverse causation 

• a compelling theoretical model (?) 

• randomization 

spuriousness 

• controlling for confounders 

chance 

• statistical inference
last 3rd of the class



Randomization





What is the effect of a campaign mailer on a 
citizen’s decision to turn out and vote?



received a
campaign mailer

voted ?

did not receive a
campaign mailer

Citizen



Imagine we’re in the following ideal situation:  
A. we have n potential voters, 
B. the election hasn’t yet happened, and 
C. we can control the assignment of the treatment.

received a
campaign mailer

? ?

did not receive a
campaign mailer

Citizen 1

received a
campaign mailer

? ?

did not receive a
campaign mailer

Citizen 2

received a
campaign mailer

? ?

did not receive a
campaign mailer

Citizen n 

...



Rhyp
T : The hypothetical turnout Rate if everyone was in the Treatment group.

Rhyp
C : The hypothetical turnout Rate if everyone was in the Control group.

Rhyp
T �Rhyp

C : average treatment effect (ATE)
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Robs
T : The observed turnout Rate in the Treatment group.

Robs
C : The observed turnout Rate in the Control group.

Robs
T �Robs

C| {z }
estimate

⇡
ATEz }| {

Rhyp
T �Rhyp

C



Robs
T : The observed turnout Rate in the Treatment group.

Robs
C : The observed turnout Rate in the Control group.

Robs
T �Robs
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estimate

⇡
ATEz }| {
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T �Rhyp

C



causation spuriousness

reverse causation chance
no systematic relationship;

correlation simply due to chance

Coin Flip
X

X

Coin Flip























think + write + discuss

Is this ethical?


