
DIRECTED ACYCLIC GRAPHS
INFORMATION BIAS AND TIME-VARYING TREATMENTS
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1.

2.

3.

4.

Shi – Directed Acyclic Graphs 2



3

RECAP FROM OUR 
LAST SESSION: 
D-SEPARATION.
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A set of rules that allow us determine whether two 

variables on a DAG are associated (i.e. whether the path 

between them is open or blocked)

1. If there are no variables being conditioned on, a path is 

blocked if two arrowheads on a path collide at some 

variable on the path. 

2. A path that contains a non-collider that is conditioned 

on is blocked.

3. A collider that has been conditioned on does not block 

a path.

4. A collider that has a descendant that has been 

conditioned on does not block a path.



DAG
Are we 

conditioning 
on anything?

Are A and Y 
associated?

Conclusion

Mediator

No Yes
A and Y are marginally 

associated

Yes No
A and Y are independent, 

conditional on M

Common 
cause

No Yes
A and Y are marginally 

associated

Yes No
A and Y are independent, 

conditional on L

Common 
effect

No No
A and Y are marginally 

independent

Yes Yes
A and Y are associated, 

conditional on L

Yes Yes
A and Y are associated, 

conditional on S
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RECAP FROM OUR LAST SESSION: DAG STRUCTURES.
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RECAP FROM OUR 
LAST SESSION: 
CONFOUNDING 
AND SELECTION 
BIAS.
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INFORMATION BIAS
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INFORMATION BIAS.
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FOUR TYPES OF 
STRUCTURES FOR 
INFORMATION BIAS.
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1.

2.

3.

4.
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INDEPENDENT NONDIFFERENTIAL ERRORS.
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DEPENDENT NONDIFFERENTIAL ERRORS.
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INDEPENDENT 
DIFFERENTIAL 
ERRORS.
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DEPENDENT 
DIFFERENTIAL 
ERRORS.
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DIRECTION OF 
INFORMATION BIAS.
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MEASUREMENT ERROR FOR CONFOUNDERS.

Shi – Directed Acyclic Graphs 2

٠

٠



15

TIME-VARYING EXPOSURES 
AND CONFOUNDERS.
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BUT WHAT ABOUT 
FEEDBACK LOOPS?
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TIME-VARYING VARIABLES.
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EVICTION AND 
CHILD COGNITIVE 
OUTCOMES: TIME-
FIXED VARIABLES.
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EVICTION AND 
CHILD COGNITIVE 
OUTCOMES: TIME-
VARYING VARIABLES.

Shi – Directed Acyclic Graphs 2
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DAG WITH TIME-VARYING VARIABLES: STEP 1.
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L1 A1 L2 A2 Y
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DAG WITH TIME-VARYING VARIABLES: STEP 2.
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L1 A1 L2 A2 Y
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DAG WITH TIME-VARYING VARIABLES: STEP 3.
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L1 A1 L2 A2 Y
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DAG WITH TIME-VARYING VARIABLES: STEP 4.
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L1 A1 L2 A2 Y
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DAG WITH TIME-VARYING VARIABLES: STEP 5.
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٠

٠

L1 A1 L2 A2 Y

U
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ESTIMATING 
JOINT EFFECTS.
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L1 A1 L2 A2 Y

U
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ESTIMATING 
JOINT EFFECTS.

Shi – Directed Acyclic Graphs 2

٠
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L1 A1 L2 A2 Y

U
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ESTIMATING JOINT 
EFFECTS: SOURCES 
OF BIAS FOR THE 
EFFECT OF A1 ON Y.
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Path 1: 

A1 to L1 to Y

L1 A1 L2 A2 Y

U

L1 A1 L2 A2 Y

U

Path 2: 

A1 to L1 to U to Y

L1 A1 L2 A2 Y

U

Path 3: 

A1 to L1 to A2 to Y

There are multiple paths from A1

to Y.
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ESTIMATING JOINT 
EFFECTS: POLL 
QUESTION 1.

Shi – Directed Acyclic Graphs 2

In the DAG above, which variables do we need to condition 

on in order to block all backdoor paths from A1 to Y?

A. L1

B. U

C. A2

D. All of the above

L1 A1 L2 A2 Y

U
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ESTIMATING JOINT 
EFFECTS: SOURCES 
OF BIAS FOR THE 
EFFECT OF A1 ON Y.
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Path 1: 

A1 to L1 to Y

L1 A1 L2 A2 Y

U

L1 A1 L2 A2 Y

U

Path 2: 

A1 to L1 to U to Y

L1 A1 L2 A2 Y

U

Path 3: 

A1 to L1 to A2 to Y

٠ Only need to condition on L1

to block all backdoor paths

٠ Can’t condition on U because 

it is unmeasured

٠ Don’t want to condition on A2

because this would block 

some of the effect of A1 on Y 

(e.g. the path A1 to A2 to Y)
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Paths starting with 

arrow from L1:

A2 to L1 to Y

A2 to L1 to U to Y

L1 A1 L2 A2 Y

U

L1 A1 L2 A2 Y

U

There are even more backdoor 

paths from A2 to Y.

There are three arrows going 

into A2

٠ L1 to A2

٠ A1 to A2

٠ L2 to A2

Paths starting with 

arrow from A1: 

A2 to A1 to Y

…plus more with 

A2 to A1 to L…

L1 A1 L2 A2 Y

U

Paths starting with 

arrow from L2: 

A2 to L2 to Y

A2 to L2 to U to Y

…plus more…

ESTIMATING JOINT 
EFFECTS: SOURCES 
OF BIAS FOR THE 
EFFECT OF A2 ON Y.
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ESTIMATING JOINT 
EFFECTS: POLL 
QUESTION 2.
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In the DAG above, which set of variables do we need to 

condition on in order to block all backdoor paths from A2 to Y?

A. L2 only

B. L1 and L2 only

C. L1, A1 and L2 only

D. L1, A1, L2 and U only

L1 A1 L2 A2 Y

U
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Paths starting with 

arrow from L1:

A2 to L1 to Y

A2 to L1 to U to Y

L1 A1 L2 A2 Y

U

L1 A1 L2 A2 Y

U

Need to condition on L1, A1 and 

L2 to block all backdoor paths

Paths starting with 

arrow from A1: 

A2 to A1 to Y

…plus more with 

A2 to A1 to L1…

L1 A1 L2 A2 Y

U

Paths starting with 

arrow from L2: 

A2 to L2 to Y

A2 to L2 to U to Y

…plus more…

ESTIMATING JOINT 
EFFECTS: SOURCES 
OF BIAS FOR THE 
EFFECT OF A2 ON Y.
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To block all backdoor paths between A1 and Y: 

need to condition on L1

To block all backdoor paths between A2 on Y: 

need to condition on L1, A2 and L2

We can’t have any open backdoor paths from 

A1 to Y or from A2 to Y to estimate the joint 

effects of A1 and A2 on Y

ESTIMATING JOINT 
EFFECTS: SUMMARY.

L1 A1 L2 A2 Y

U
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LET’S FURTHER 
CONSIDER WHAT 
HAPPENS WE 
CONDITION ON L2.

When we condition on L2, we block some of the 

backdoor paths between A2 and Y:

L1 A1 L2 A2 Y

U

BUT let’s consider what happens to some of the 

paths from A1 to Y.
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CONDITIONING ON L2: 
POLL QUESTION 1.

Consider the path A1 to L2 to Y in the DAG above. 

What happens when we condition on L2?

A. We block this path after conditioning on L2.

B. We open this path after conditioning on L2.

C. Nothing happens, the path stays open.

D. Nothing happens, the path stays blocked.

L1 A1 L2 A2 Y

U
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CONDITIONING ON L2: 
POLL QUESTION 2.

Consider the path A1 to L2 to Y in the DAG above. 

What is the consequence of blocking this path 

after conditioning on L2?

A. We block a non-causal path from A1 to Y.

B. We block a causal path from A1 to Y.

C. We eliminate some of the bias for the effect of 

A1 on Y.

D. Nothing, we can still estimate all of the effect 

of A1 on Y (that does not go through A2).

L1 A1 L2 A2 Y

U
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CONDITIONING ON L2: 
POLL QUESTION 3.

Consider the path A1 to L2 to U to Y in the DAG 

above. What happens when we condition on L2?

A. We block this path after conditioning on L2.

B. We open this path after conditioning on L2.

C. Nothing happens, the path stays open.

D. Nothing happens, the path stays blocked.

L1 A1 L2 A2 Y

U
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CONDITIONING ON L2: 
POLL QUESTION 4.

Consider the path A1 to L2 to U to Y in the DAG 

above. Consider the path A1 to L2 to Y in the DAG 

above. What is the consequence of opening this 

path after conditioning on L2?

A. We eliminate some of the bias for the effect of 

A1 on Y.

B. We introduce bias for the effect of A1 on Y.

C. Nothing.

L1 A1 L2 A2 Y

U
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CONSEQUENCES OF CONDITIONING ON L2.

When we consider some of the paths from A1 to Y:

L1 A1 L2 A2 Y

U

L1 A1 L2 A2 Y

U

٠

٠
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ANALYTIC STRATEGY IN THE PRESENCE OF 
TREATMENT-CONFOUNDER FEEDBACK.

٠

٠

٠

We need to deal with the open backdoor 

paths from A2 to Y to estimate the effect 

of A2 on Y.

٠ Condition on L2

٠

٠

٠

٠

٠
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LEARNING OBJECTIVES.

1.

2.

3.

4.
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