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Causality vs. Dependence

• Causality ➜ dependence ! Dependence ➜ causality 

3

X is a cause of Y iff  

∃x1 ≠ x2 P(Y|do (X=x1)) ≠ P(Y|do (X=x2)) 
X and Y are associated iff  
∃x1 ≠ x2 P(Y|X=x1) ≠ P(Y|X=x2)

(http://imgs.xkcd.com/comics/correlation.png)

http://imgs.xkcd.com/comics/correlation.png
http://imgs.xkcd.com/comics/correlation.png


What do you think?
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Causality Examples



Causality Examples



Outline

• Causal thinking 

• Causal graphical models 

• Interventions 

• Two main tasks 

• Identification of  causal effects 

• Causal discovery 

• Understanding cycles



Causal Thinking (1)
• Dependence vs. causality: Why do you want? 

• Control, advertisements, recommender systems... 

• learning (generalization), information fusion... 

• What is the causal model for X, Y, and Z if  X→Y, Y→Z 
(expansion) or X→Z, Y→Z (refinement)... 

• According to Carl Jung, causal thinking gave rise to modern 
science



Causal Thinking (2)

• Simpson’s paradox



Simpson’s Paradox: Another 
Example

• Exercise-cholesterol study



Simpson’s Paradox: Why? 

•  Kidney stone treatment example: 

Treatment A Treatment B
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Would you make recommendations based on correlation or something else?



Causal Thinking (3)

• “Stranger” dependence 

• Let’s go back 50 years; maybe you’ll find female college 
students are smarter than male ones on average. Why?

gender IQ

college



Question 3 

•  You are a game show contestant. Before the game begins, the 
host, Monty Hall, has placed $1,000 dollars behind one of 
three doors. Nothing is behind the other two doors. The game 
is played as followed. You, the contestant, choose one of the 
doors, say, door A. Then Monty opens a door that is not the 
door you chose and does not have the money behind it, say B. 
If you want to maximize the expected profit, which door will 
you finally choose? 
–  A 
–  C 

Monty Hall Problem 

Excerpt from “The Mind’s Arrows”



Question 3 

•  You are a game show contestant. Before the game begins, the host, Monty 
Hall, has placed $1,000 dollars behind one of three doors. Nothing is 
behind the other two doors. The game is played as followed. You, the 
contestant, choose one of the doors, say, door A. Then Monty opens a door 
that is not the door you chose and does not have the money behind it, say 
B. If you want to maximize the expected profit, which door will you finally 
choose? 
–  A 
–  C 

Monty Hall Problem 

Your%
ini(al%
choice%

Which%
door%to%
open%(by%
host)%

Where%
the%

money%is%



Ways to Produce Dependence

gender IQ

college

- Common cause

- Causal relation between them

- Conditional dependence 
given common effect

Treatment 
A/B

Recovery



Causality and Prediction (in Nonstationary 
Environments)

• Causality matters for prediction if distribution changes



Causal Thinking Makes a 
Difference

• Active manipulation /control vs. passive prediction 

• Generalization / adaptation ability in new environments? 

• Integration of  causal information: what is the causal model for 
X, Y, and Z if  

• X→Y, Y→Z (expansion) or X→Z, Y→Z (refinement)... 

• Creativity  

• Thoughts consist of  the "What if ?" and the "If  I had 
only..." + knowledge integration + ...



Outline

• Causal thinking 

• Causal graphical models 

• Interventions 

• Two main tasks 

• Identification of  causal effects 

• Causal discovery 

• Understanding cycles



Classic Ways to 
Find Causal 
Information

• What if  X and Y are 
dependent? 

• What if  you change X 
and see Y also changes? 

• An intervention directly 
changes only the target 
variable X

Timetable

* Definition of “interventions”



Causal DAGs
• Bayesian networks: DAGs

• Causal DAGs

• More meaningful & able to represent and 
respond to external or spontaneous changes
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Let Px(V) be the distribution of V resulting from 
intervention do(X=x). A DAG G is a causal DAG if 

1. Px(V) is Markov relative to G; 
2. Px(Vi=vi)=1 for all Vi ∈X and vi consistent with 
X=x; 
3. Px(Vi | PAi) = P(Vi | PAi) for all Vi ∉X, i.e., P(Vi | PAi) 
remains invariant to interventions not involving Vi.
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What is  
PX3=ON(X1,X2,X4,X5)?

PX3=ON(X1,X2,X4,X5) = P(X1)P(X2 | X1)P(X4 | X2, X3 = ON)P(X5 | X4)



Usage of Causal Models

• Causal model: compact description of the properties of the joint 
distribution

• Derived from one or few distributions; applied to other scenarios
Causal structure Y→X

Prob. model P(1)(X,Y), P(2)(X,Y), P(3)(X,Y), ... P(k)(X,Y)...

• Infer effect of interventions:
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What is  
PX3=ON(X1,X2,X4,X5)?



Conditioning, Manipulating, 
and Counterfactural Thinking

• Three questions: 

• Prediction: Would the pavement be slippery if we find 
the sprinkler off? 

• Intervention: Would the pavement be slippery if we 
make sure that the sprinkler is off? 

• Counterfactual: Would the pavement be slippery had 
the sprinkler been off, given that the pavement is in 
fact not slippery and the sprinkler is on?

3A�������
�Ħ �Ħ

����������4A 4A�����
�Ħ �Ħ2A����

%Ħ4A���������
P(Slipperry | Sprinker=off)

P(Slipperry | do(Sprinker=off) )

P(Slipperry Sprinker=off | Sprinker = on, Slippery = no)



Identification of Causal Effects

• “Golden standard”: randomized controlled experiments

• All the other factors that influence the outcome 
variable are either fixed or vary at random, so any 
changes in the outcome variable must be due to the 
controlled variable

• Usually expensive or impossible to do!

P(Slipperry | do(Sprinker=off) ) ?



Identification of Causal Effects: Example

conditioning vs. manipulating

P (R|T ) =
X

S

P (R|T, S)P (S|T )

P (R|do(T ) ) =
X

S

P (R|T, S)P (S)



Identification of Causal Effects: Example

conditioning vs. manipulating



Identification of Causal Effects: Problems

• Is P(Y | do(X)) identifiable given complete or partial 
causal knowledge?

• How?

• A lot of work done by Pearl and Rubin…



Outline

• Causal thinking 

• Causal graphical models 

• Interventions 

• Two main tasks 

• Identification of  causal effects 

• Causal discovery 

• Understanding cycles



Causal Effects
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Examples: Average causal effect (ACE)...

*

• One definition of causal effect: P(Y | do(X))



Identifiability of Causal Effects

Examples: Average causal effect (ACE)...
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• Is causal effect, denoted by P(Y | do(X)), identifiable given 
complete or partial causal knowledge?

• How?

• Two models with the same causal 
structure and the same distribution for 
the observed variables give the same 
causal effect?

*



Key Issue: Controlling Confounding Bias

• Exercise-cholesterol study



Back-Door Criterion
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- What if Z = {X3, X4}? 
Z = {X4, X5}? 
Z = {X4}? 

- What if there is a confounder?
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Relation to Ignorability (Potential 
Outcome Framework)
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- (Conditional) ignorability assumption in the potential outcome framework:  
Y(x) ⫫ X | Z.

- Y(z,x) = Y(z); {Y(z), X} ⫫ Z(x).

Y(x,u): the value attained by Y in unit 
u under intervention do(x); 
Y(x): counterfactual variable (u is 
treated as a variable)

X
Y

*



Possible to  

discover causal information 
(specific properties of  the true process)  

from purely observational data ?

Can we go beyond the data?

 X    Y 
------------- 

-1.1    1.0 
 2.1    2.0 
3.1    4.2 
2.3      -0.6 
1.3    2.2 
-1.8    0.9 
...    ....

X Y

X Y

X Y

or

or
Z

Causal Discovery: To Be Studied



Outline

• Causal thinking 

• Causal graphical models 

• Interventions 

• Two main tasks 

• Identification of  causal effects 

• Causal discovery 

• Understanding cycles



Why Feedbacks?
• Some situations where we can recover cycles with ICA:

• Each process reaches its equilibrium state & we observe the 
equilibrium states of multiple processes

• On temporally aggregated data

X1 → X2

X1,t-1

X2,t-1

X1,t

X2,t

X1,t+1

X2,t+1

...

... ...

...

B B

Xt = BXt�1 + Et.

At convergence we have Xt = Xt�1 for each
dynamical process, so

Xt = BXt + Et, or Et = (I�B)Xt.

Suppose the underlying process is X̃t = BX̃t�1 + Ẽt, but we just observe
Xt =

1
L

PL
k=1 X̃t+k. Since

1

L

LX

k=1

X̃t+k = B
1

L

LX

k=1

X̃t+k�1 +
1

L

LX

k=1

Ẽt+k.

We have Xt = BXt +Et as L ! 1.



Examples
• Some situations where we can recover cycles with ICA:

• Each process reaches its equilibrium state & we observe the 
equilibrium states of multiple processes

• On temporally aggregated data

X1 → X2

X1,t-1

X2,t-1

X1,t

X2,t

X1,t+1

X2,t+1

...

... ...

...

B B
Consider the price and demand of the same

product in di↵erent states:

pricet = b1 · pricet�1 + b2 · demandt�1 + E1

demandt = b3 · pricet�1 + b4 · demandt�1 + E2

Suppose the underlying process is X̃t = BX̃t�1 + Ẽt, but we just observe
Xt =

1
L

PL
k=1 X̃t+k.

Consider the causal relation between two stocks: the causal influence takes
place very quickly (⇠ 1-2 minutes) but we only have daily returns.



Summary

• Causal thinking, causal representation, benefit from 
using causal graphs 

• Causal discovery…? 

• Causality-based learning?
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