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x4 x5 1 0
0 0 0.4 0.6
0 1 0.1 0.9
1 0 0.7 0.3
1 1 0.6 0.4
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Compared to the previous examples, the opposite is observed: 
Two independent variables become dependent given a third variable!
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G=0, i.e.  
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https://en.wikipedia.org/wiki/Risk_factor
https://en.wikipedia.org/wiki/Statistical_sample
http://ije.oxfordjournals.org/content/43/2/511.full
https://en.wikipedia.org/wiki/Biometrics_%28journal%29
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Treatment TreatmentTreatment

Recovery Recovery Recovery

Gender Blood 
pressure

Playing
golf

Social 
status

Healthy

(a) (b) (c)
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Confounding & Selection bias
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• Z1 and Z2 are observed confounder 
and U is an unobserved confounder.

• We are seeking to approximate 
P(Y|do(X)) but conditioning on U is not 
possible. The total bias is :

• Is conditioning Z1 and Z2 a good 
idea? Not always...  

• Using linear structural model, one 
can show that conditioning on Z1 and 
Z2 produces a bias equal to :

     

Linear structural model with 
two instrumental variables Z1 and Z2 and 
one unobserved confounder U

 



Instrumental variable

• Z is a pre-treatment variable, i.e. it is not affected by the treatment, nor 
does it interfere with the causal pathways from treatment X to outcome Y.

• Z seems to behave just like an ordinary confounder U, i.e. Z is 
dependent on X and Y, still is dependent on Y given X. 

• We are seeking to approximate P(Y|do(X)) but conditioning on U is not 
possible. Is conditioning Z a good idea? No!  

• Using a linear structural equation model, one can show that 
conditioning on Z amplifies the unconditioned bias c1c2 by a factor 1/(1-c3

2)

    
 

A linear structural equation model 
with instrumental variable Z 
and confounder U
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(a) Simplest example of selection bias 
(b) Simplest example of confounding bias
(c) Intermediary variable W between X and selection S
(d) Instrumental variable with selection bias 
(e) Selection combined with confounding
(f) Instrumental variable with confounding and selection bias simultaneously present

Z is an Instrumental variable.

U is a latent variable, i.e. 
unobserved variable acting as 
a confounder.

S represents the selection 
mechanism. S=1 indicates 
presence in the sample, and 
S=0 otherwise.
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Observed and partially missing variables are represented by full and hollow circles respectively. 
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