6_3_1 has an example of adding space between DAG and answers


`	Causal Diagrams: Lesson 6.2

1) Consider a research study that aims to estimate the causal effect of statin use on the risk of diabetes. The treatment, statin use, can take on two values: 1 or 0. How many counterfactual outcomes are there for each individual?
a) 1
b) 2
c) 3
d) 4

Answer: There is one counterfactual outcome for each level of treatment. In this example, treatment can take on two levels (1 or 0). Therefore, there is one counterfactual outcome under treatment (i.e. had the individual taken statins) and one counterfactual outcome no treatment (i.e. had the individual taken no statins). 

2) Consider the counterfactual scenario where an individual would have died, had they received treatment. What is the correct counterfactual notation that corresponds to this scenario?
a) Ya=1 = 1
b) Ya=1 = 0
c) Ya=0 = 1
d) Ya=0 = 0

Answer: In this counterfactual scenario, the individual received treatment. This is denoted by superscript a = 1. Since the individual died in this counterfactual scenario, then their counterfactual outcome under treatment, Ya=1, is equal to 1. 

3) What table is consistent with the causal DAG given below?

A      Y

a) 
	ID
	Ya=1
	Ya=0

	1
	0
	1

	2
	1
	0

	3
	0
	1


b) 
	ID
	Ya=1
	Ya=0

	1
	0
	0

	2
	1
	1

	3
	0
	0




c) 
	ID
	Ya=1
	Ya=0

	1
	0
	1

	2
	1
	1

	3
	0
	1


d) 
	ID
	Ya=1
	Ya=0

	1
	0
	1

	2
	1
	1

	3
	0
	0



Answer: The absence of an arrow from A to Y on the causal DAG indicates that there is no causal effect of A on Y for every single individual. Therefore, for every individual, their outcome had they taken treatment, Ya=1, is equal to their outcome had they not taken treatment, Ya=0. As such, B is the correct answer. 


Causal Diagrams: Lesson 6.3

1) The following causal graph implies the presence of exchangeability between the treated and untreated groups.
[image: ]
a) True
b) False

Answer: There is an open backdoor path between A and Y (from A to L to Y) that creates confounding. The treated and untreated groups are not exchangeable. 

2) In a randomized trial, exchangeability between the treated and untreated groups is expected because 
a) Randomization eliminates the arrow from L to A
b) There are no backdoor paths between A and Y
c) There is no confounding for the effect of A on Y
d) All of the above

Answer: With randomization we do not expect any arrows to go into A. As such, there cannot be any backdoor paths between A and Y, and therefore there is no confounding for the effect of A on Y. 

3) The following causal graph implies the presence of exchangeability between the treated and untreated groups.
[image: ]
a) True
b) False

Answer: There are no non-causal paths between A and Y. The path from A to L to Y is blocked since L is a collider. As such, the treated and untreated groups are exchangeable. 


4) The following causal graph implies the presence of exchangeability between the treated and untreated groups.
[image: ]
a) True 
b) False

Answer: There is not an open backdoor path between A and Y. The path from A to U2 to L to U1 to Y is blocked because L is a collider. The lack of an open backdoor path between A and Y implies that there is exchangeability between the treated and untreated groups. 



Causal Diagrams: Lesson 6.4

1) Node splitting involves splitting the treatment node in a DAG into which components? (Select all that apply)
a) The observed treatment
b) The observed outcome
c) The treatment level of interest in the counterfactual world
d) The outcome that would have been observed in the counterfactual world

Answer: When drawing a SWIG, we split the treatment node into the observed treatment (denoted as capital A) and the treatment level of interest in the counterfactual world (denoted as lowercase a). We separate these two using a vertical line. As such, a treatment A on a DAG would be split into A|a on a SWIG.

2) Consider a trial studying the effect of a treatment A, EPO, on an outcome Y, death. Which of the following SWIGs represents the counterfactual scenario in which everyone receives treatment?
a) A | a → Ya
b) A | a = 1 → Ya
c) A | a = 1 → Ya=1
d) A | a = 1 → Ya=0

Answer: In the counterfactual scenario in which everyone receives treatment, treatment a is equal to 1. As such, in the SWIG, the treatment node is split into the observed treatment, A, and the treatment level a = 1 in the counterfactual world. The outcome is replaced by the counterfactual outcome that would have been observed had everyone received treatment, Ya=1.

3) What does the following causal diagram represent?

A → Y

a) The observed world in which some people receive treatment and some people do not receive treatment. 
b) The counterfactual world in which everyone receives treatment.
c) The counterfactual world in which everyone does not receive treatment.
d) The counterfactual world in which everyone receives treatment level a.

Answer: This causal diagram does not have any split nodes nor any counterfactual variables. As such, it represents only the observed world, in which some people receive treatment A and some people do not receive treatment A, and treatment A has a causal effect on the outcome Y. 

4) What does the following causal diagram represent?

A | a → Ya

a) The observed world in which some people receive treatment and some people do not receive treatment. 
b) The counterfactual world in which everyone receives treatment.
c) The counterfactual world in which everyone does not receive treatment.
d) The counterfactual world in which everyone receives treatment level a.

Answer: There is a split node for treatment and a counterfactual outcome in the causal diagram. In this case, the causal diagram represents a counterfactual world in which everyone receives treatment level a, which is indicated by the right side of the split node for treatment, as well as the superscript a for the counterfactual outcome. 

5) Based on the following SWIG, we know that the association between A and Y quantifies the causal effect of A on Y because

A | a → Ya

a) There is no open path between treatment A and outcome Y
b) There is no open path between treatment A and the counterfactual outcome Ya
c) There is no open path between the counterfactual treatment a and the outcome Y
d) There is no open path between the counterfactual treatment a and the counterfactual outcome Ya

Answer: The SWIG includes a split node for treatment and the counterfactual outcome Ya. Since the observed outcome, Y, is not included on the SWIG, we can eliminate (a) and (c) as correct answers. For exchangeability, we are interested in assessing the independence between treatment A and the counterfactual outcome Ya. Therefore, (b) is correct. Note that there is an open path between the counterfactual treatment a and the counterfactual outcome Ya - this path exists because the treatment has a causal effect on the outcome. As such, (d) is incorrect. 



Causal Diagrams: Lesson 6.5

1) Given the following DAG, which SWIG corresponds to the counterfactual world in which everyone receives treatment?
[image: ]
a) 
[image: ]
b) 
[image: ]
c) 
[image: ]
d) 
[image: ]

Answer: To draw SWIGs, we split the treatment node into the observed treatment, A, and the treatment level under the given counterfactual scenario, a = 1. We separate these by a vertical line. As such, (d) is incorrect. As well, we replace the observed outcome, Y, with the counterfactual outcome under the treatment. As such, (b) is incorrect. Lastly, arrows that go into the split treatment node should go into the observed treatment, not the level of treatment in the counterfactual world. As such, (c) is incorrect. 

Use the SWIG below to answer the following questions.
[image: ]

2) Is there an open backdoor path between the observed treatment and the counterfactual outcome in the SWIG? If so, describe the path.
a) Yes, A to a to Ya
b) Yes, a to A to L to Ya
c) Yes, A to L to Ya
d) No, there is no open backdoor path

Answer: We are interested in assessing for a backdoor path between A and Ya. As such, (b) is incorrect. The path from A to a to Ya is blocked by the vertical line in the split node - (a) is incorrect. The path from A to L to Ya is an open backdoor path. Therefore, (c) is the correct answer. 

3) To block the open backdoor path, we should condition on:
a) a
b) A
c) L
d) None of the above - the backdoor path cannot be closed

Answer: By conditioning on L, we are blocking the path from A to L to Ya.

4) According to the SWIG, there is 
a) Exchangeability between the treated and the untreated groups, that is 
Ya ∐ A for all a
b) Conditional exchangeability between the treated and the untreated groups, that is Ya ∐ A | L for all a
c) Both A and B are true
d) Neither A nor B are true

Answer: In order to block the non-causal paths from A to Ya, we must condition on L. As such, there is exchangeability between the treated and untreated groups within levels of L, or conditional on L. 



Use the SWIG below to answer the following questions.
[image: ]
5) Is there an open backdoor path between the observed treatment and the counterfactual outcome in the SWIG? If yes, describe the path.
a) Yes, A to U2 to L to U1 to Ya
b) Yes, a to A to U2 to L to U1 to Ya
c) Yes, A to a to Ya
d) No, there is no open backdoor path.

Answer: We are interested in assessing for a backdoor path between A and Ya. As such, (b) is incorrect. The path from A to a to Ya is blocked by the vertical line in the split node - (c) is incorrect. The path from A to U2 to L to U1 to Ya is blocked because L is a collider - (a) is incorrect. As such, there are no open backdoor paths between A and Ya.

6) If we condition on L, 
a) We block the open backdoor path from A to Ya.
b) We have exchangeability between the treated and untreated groups.
c) We open a backdoor path from A to Ya that can be blocked with other measured variables. 
d) We open a backdoor path from A to Ya that cannot be blocked with other measured variables. 

Answer: L is a collider on the path from A to U2 to L to U1 to Ya. As such, conditioning on L will open this path, and cannot be blocked again since U1 and U2 are unmeasured variables. 

7) According to the SWIG, there is 
a) Exchangeability between the treated and the untreated groups, that is 
Ya ∐ A for all a
b) Conditional exchangeability between the treated and the untreated groups, that is 
Ya ∐ A | L for all a
c) Both A and B are true
d) Neither A nor B are true

Answer: There are no open backdoor paths between A and Ya. As such, the treated and untreated groups are (marginally) exchangeable. That is, we do not have to condition on any variables in order to achieve exchangeability. Therefore, (a) is correct. 


Causal Diagrams: Lesson 6.6

Use the DAG below to answer the following questions.

[image: ]


1) Which SWIG corresponds to the counterfactual world in which nobody receives treatment at time 0 (without intervening on treatment at time 1)?
a) 
[image: ]
b) 
[image: ]
c) 
[image: ]
d) None of the above


Answer: In this counterfactual world, we are intervening at time 0 only. Therefore, we only split the treatment node for A0. Therefore, (a) and (c) are incorrect. Note that in the SWIG corresponding to this counterfactual world, the counterfactual outcome is indicated by only the treatment time we are intervening on (i.e. only has superscript a0 = 0).


2) Which SWIG corresponds to the counterfactual world in which nobody receives treatment at time 0 and everybody receives treatment at time 1?
a) 
[image: ]

b) 
[image: ]

c) 
[image: ]
d) None of the above

Answer: In this counterfactual world, we are intervening at both time 0 and time 1. Therefore, we split the treatment node for both A0 and A1. Therefore, (b) and (c) are incorrect. Note that in the SWIG corresponding to this counterfactual world, the counterfactual outcome is indicated by both the treatment times that we are intervening on (i.e. has superscript a0 = 0 and a1=1).
3) Which SWIG corresponds to the counterfactual world in which nobody receives treatment at time 1 (without intervening on treatment at time 0)?
a) 
[image: ]

b) 
[image: ]

c) 
[image: ]
d) None of the above

Answer: In this counterfactual world, we are intervening at only time 1. Therefore, we only split the treatment node for A1. Therefore, (a) and (b) are incorrect. We are interested in the counterfactual world in which nobody receives treatment at time 1. In other words, everybody’s treatment at time 1 takes on the value a1 = 0. As such, (c) is also incorrect because it represents a counterfactual world in which everybody receives treatment at time 1. 

Use the SWIG below to answer the following questions.
[image: ]
4) Is there an open backdoor path from A0 to Ya0=1, a1=1 in the SWIG? If so, describe the path.
a) Yes, A0 to L0 to U to L1a0=1 to A1a0=1 to a0 to Ya0=1, a1=1
b) Yes, A0 to L0 to U to Ya0=1, a1=1
c) Yes, A0 to a0 to Ya0=1, a1=1
d) No, there is no open path.

Answer: The path A0 to L0 to U to L1a0=1 to A1a0=1 to a0 to Ya0=1, a1=1 is blocked because a0 is a constant - (a) is wrong. The path A0 to a0 to Ya0=1, a1=1 is blocked by the vertical line in the split node - (c) is wrong. However, there is an open path from A0 to L0 to U to Ya0=1, a1=1. Therefore, (b) is correct. 

5) To block the open backdoor path from A0 to Ya0=1, a1=1 in the SWIG, we need to condition on (select all that apply):
a) L0
b) A1a0
c) L1a0=1
d) None of the above - the backdoor path cannot be closed

Answer: The open backdoor path is from A0 to L0 to U to Ya0=1, a1=1. We can condition on L0 in order to block this path. 

6) At time 0, there is 
a) Exchangeability between the treated and the untreated groups, that is
Ya0=1, a1=1 ∐ A0 for all a0
b) Conditional exchangeability between the treated and the untreated groups, that is Ya0=1, a1=1 ∐ A0 | L0 for all a0
c) Both a) and b) are true
d) Neither a) nor b) are true

Answer: In order to block the open backdoor path from A0 to Ya0=1, a1=1, we must condition on L0. In other words, we have exchangeability between the treated and untreated groups at time 0 only within levels of L0, or conditional on L0. Therefore, (b) is correct. 

7) Is there an open backdoor path from A1 to Ya0=1, a1=1 in the SWIG? If so, describe the path.
a) Yes, A1 to a0 to Ya0=1, a1=1
b) Yes, A1 to L1a0=1 to a0 to Ya0=1, a1=1
c) Yes, A1 to L1a0=1 to U to Ya0=1, a1=1
d) No, there is no open path.

Answer: The path A1 to a0 to Ya0=1, a1=1 and the path A1 to L1a0=1 to a0 to Ya0=1, a1=1 are blocked by a0 because it is a constant. Therefore, (a) and (b) are both incorrect. However, there is an open back from A1 to L1a0=1 to U to Ya0=1, a1=1. Therefore, (c) is correct. 

8) To block the open backdoor path from A1 to Ya0=1, a1=1 in the SWIG, we would need to condition on (select all that apply):
a) L0
b) A0
c) L1a0=1
d) None of the above - the backdoor path cannot be closed

Answer: The path is A1 to L1a0=1 to U to Ya0=1, a1=1. As such, we can condition on L1a0=1 in order to block this path. 

9) According to the SWIG, L1a0=1 is a counterfactual variable. However, do we have information on L1a0=1 based on our observed data? If yes, how?
a) Yes, L1a0=1 is always equal to L1
b) Yes, L1a0=1 is equal to L1 in the subset of individuals who actually received treatment at time 0
c) Yes, L1a0=1 is equal to L1 in the subset of individuals who actually did not receive treatment at time 0
d) No,  L1a0=1 is a counterfactual variable, and therefore we have no information on it from our observed data.

Answer: L1a0=1 represents the value that L1 would have taken on had everyone received treatment at time 0. Therefore, for the people who actually received treatment at time 0, their observed L1 is equal to their counterfactual L1a0=1. For people who did not receive treatment at time 0, their observed L1 may or may not be equal to their counterfactual L1a0=1 - (a) and (c) are incorrect. 

10) Conditioning on L1 and A0=1 is equivalent to conditioning on L1a0=1 and A0=1
a) True
b) False

Answer: This is true since L1a0=1 is equal to L1 among people with A0 = 1 (i.e. conditional on A0).

11) At time 1, there is 
a) Exchangeability between the treated and the untreated groups, that is
Ya0=1, a1=1 ∐ A1 for all a1
b) Conditional exchangeability between the treated and the untreated groups, that is Ya0=1, a1=1 ∐ A1 | L1 for all a1
c) Conditional exchangeability between the treated and the untreated groups, that is Ya0=1, a1=1 ∐ A1 | L1, A0 for all a1
d) None of the above

Answer: To block the open backdoor path from A1 to Ya0=1, a1=1, we must condition on L1a0=1, or equivalently, L1 and A0. As such, within levels of both L1 and A0, the treated and untreated groups are exchangeability. 



Causal Diagrams: Lesson 6.7

Use the SWIG below to answer the following questions:
[image: ]

1) Recall that the open path from A0 to Yg is A0 to H to L1g to g1 to Yg. What is the consequence of conditioning on L1g? Check all that apply.
a) It would block the path from A0 to H to L1g to g1 to Yg.
b) It would open the path from A0 to H to L1g to g0 to Yg.
c) It would open the path from A0 to H to L1g to U to Yg.
d) It would open the path from A0 to H to L1g to A1g to g0 to Yg.

Answer: There is an open backdoor path from A0 to Yg that is A0 to H to L1g to g1 to Yg. Since L1g is along this pathway, conditioning on L1g would block this pathway - (a) is correct. 

The path from A0 to H to L1g to g0 to Yg is blocked because L1g is a collider on this pathway. As such, conditioning on L1g would open this path - (b) is correct. Note that the flow of association can go through g0, since it represents a dynamic regime in which the treatment level at time 0 is not fixed (i.e. it is no longer a constant, but rather A0 can take on different values across individuals).

The path from A0 to H to L1g to U to Yg is blocked because L1g is a collider on this pathway. As such, conditioning on L1g would open this path - (c) is correct. 

The path from A0 to H to L1g to A1g to g0 to Yg is an open backdoor path. Conditioning on L1g would actually block this pathway.

2) What is/are the open path(s) from A1g to Yg? Check all that apply. (Note: not all open paths may not be accounted for below.)
a) A1g to L1g to g1 to Yg
b) A1g to g0 to Yg
c) A1g to L1g to H to A0 to g0 to Yg
d) A1g to L1g to U to Yg

Explanation: Note that when identifying open backdoor paths on this SWIG, we treat the dotted arrow the same as any other arrow . In addition, the flow of association can now go through g1, and g0, since they represent a dynamic regime in which the treatment level at time 0 and at time 1 is not fixed (i.e. it is no longer a constant, but rather can take on different values depending on their covariate history). 

As such, (a), (b) and (d) all represent open backdoor paths. The path A1g to L1g to H to A0 to g0 to Yg is blocked by the vertical line between A0 and g0 - therefore (d) is incorrect. 

In addition, there is one more open path not described in the answer options, that is A1g to L1g to g0 to Yg

3) At time 0, there is 
a) Exchangeability between the treated and the untreated groups, that is
Yg ∐ A0 for all a0
b) Conditional exchangeability between the treated and the untreated groups, that is
Yg ∐ A0 | L1 for all a0
c) Conditional exchangeability between the treated and the untreated groups, that is Yg ∐ A0 | H for all a0 (if H were measured)
d) None of the above

Answer: There is an open backdoor path from A0 to Yg that is A0 to H to L1g to g1 to Yg. This path can be blocked by conditioning on H. Therefore, we have exchangeability between the treated and the untreated groups conditional on H. While conditioning on L1g would also block this path, it would also open other non-causal paths form A0 to Yg (see Question 1). Therefore, we do not have exchangeability at time 0 conditional on L1g, or on L1 - (b) is incorrect. 

4) At time 1, there is 
a) Exchangeability between the treated and the untreated groups, that is
Yg ∐ A1 for all a1
b) Conditional exchangeability between the treated and the untreated groups, that is
Yg ∐ A1 | L1 for all a1
c) Conditional exchangeability between the treated and the untreated groups, that is Yg ∐ A1 | A0, L1 for all a1
d) None of the above

Answer: All of the open paths described in Question 2 can be blocked by conditioning on A0, and L1. As such, we have exchangeability between the treated and untreated groups, conditional on both A0 and L1.

5) Using the DAG shown below, which SWIG corresponds to the counterfactual world in which everyone follows a dynamic regime in which the treatment value depends on the value of a prior confounder, L. 
[image: ]
a) 
[image: ]
b) 
[image: ]
c) 
[image: ]
d) 
[image: ]

Answer: To draw the corresponding SWIG, we split the treatment nodes at both time points into the observed treatment, and the treatment level in the counterfactual world. Since we are interested in a counterfactual world where everyone follows a dynamic regime, the treatment level in the counterfactual world is denoted by g0 and g1, rather than fixed values of a0 and a1. Therefore, (c) and (d) are wrong. In addition, the treatment level in the counterfactual world depends on the value of a prior confounder, L. We represent this by adding a dotted arrow from L1g to g1. Therefore, (a) is incorrect, and (b) is the correct answer. 
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