Lesson 1.2: What is a DAG?
 
1.       In a causal DAG with nodes L, A, and Y (in that temporal order), the absence of an arrow from node A to node Y means:
a.      There is no effect of A on Y
b.      There is no effect of Y on A
c.       There is no association between A and Y
d.      There is an association between A and Y

Answer: On a causal DAG, an arrow from node A to node Y indicates that A has an effect on Y for at least one individual. Therefore, the absence of an arrow represents no effect of A on Y for every individual. 
 
2.      A DAG is causal if the causes shared by any pair of variables on the graph are also on the DAG.
a.      True
b.      False

Answer: All common causes, even if unmeasured, of any pair of variables on the graph must be included on a causal DAG. 

3.      If our expert knowledge is insufficient for us to rule out a direct effect of variable D on variable E, we should draw an arrow from D to E on the causal DAG.
a.      True
b.      False
 
Answer: The absence of an arrow on a DAG means that we believe there is no relationship between D and E for each individual person in the population. Therefore, it is a stronger assumption to not have an arrow on a DAG, than to have one. As such, if we cannot rule out a direct effect of D on E, we should draw an arrow.
 
4.      Lifestyle (e.g., smoking) influences whether a woman takes oral contraceptives (OC) and, independently, her risk of breast cancer. Select the causal DAG that represents this scenario.
a.     [image: ]
b.     [image: ]
c.      [image: ]
d.      None of the above
 
Answer: The first part of the statement in the question stem, "Lifestyle influences whether a woman takes oral contraceptives (OC)", indicates an arrow from lifestyle to OC use. The second part of the statement, "...and independently, her risk of breast cancer", indicates an arrow from lifestyle to breast cancer.

 


Lesson 1.3: Cause and Effect
 
1.      You believe that aspirin can only reduce the risk of stroke through the reduction of platelet aggregation. Select the causal DAG that represents your belief.
a.     [image: ]
b.     [image: ]
c.      [image: ]
d.      none of the three DAGs

Answer: We can eliminate DAG (a) and DAG (c) because the direct arrow from aspirin to stroke represents an effect of aspirin that is not through platelet aggregation. In contrast, in DAG (b), the only effect of aspirin on stroke is mediated by platelet aggregation. 

2.      Suppose you find in your data that aspirin is associated with stroke, conditionally on platelet aggregation. Select the causal DAG that is consistent with this finding.
a.     [image: ]
b.     [image: ]
c.      [image: ]
d.      none of the three DAGs
 
Answer: In DAG (a), if we condition on platelet aggregation, then the path from aspirin to platelet aggregation to stroke is blocked. Therefore, there is no association between aspirin and stroke. In DAG (b), again, conditioning on platelet aggregation will block the path from aspirin to platelet aggregation to stroke, resulting in no association between aspirin and stroke. In DAG (c), even if we condition on platelet aggregation, there is still a path from aspirin to stroke, indicated by the direct arrow from aspirin to stroke. Therefore, aspirin and stroke are still associated, conditionally on platelet aggregation.

3.      Suppose you find in your data that aspirin is not associated with stroke (unconditionally). Select the causal DAG that is consistent with this finding.
a.     [image: ]
b.     [image: ]
c.      [image: ]
d.      none of the three DAGs
 
Answer: In DAG (a), aspirin and stroke are associated due to a common cause. In other words, association flows from aspirin to platelet aggregation to stroke. In DAG (b), aspirin and stroke are associated because the effect is mediated by platelet aggregation. In other words, association flows from aspirin to platelet aggregation to stroke. In DAG (c), aspirin and stroke are associated because there is a direct effect of aspirin on stroke (i.e. an arrow from aspirin to stroke) and because there is an effect that is mediated through platelet aggregation (i.e. from aspirin to platelet aggregation to stroke).
 

 


Lesson 1.4: Confounding
 
1.      Which DAG is consistent with the following conclusion? To determine the total effect of aspirin on the risk of stroke, we should adjust for platelet aggregation in our statistical analysis.
a.     [image: ]
b.     [image: ]
c.      [image: ]
d.      None of the above
 
Answer: In DAG (a), adjusting for platelet aggregation will block the confounding path that is aspirin to platelet aggregation to stroke. In both DAGs (b) and (c), conditioning on platelet aggregation will block the effect of aspirin on stroke that is mediated by platelet aggregation.
 
2.     
[image: ]
Given this causal DAG, if we do not adjust for history of heart disease then surgery is expected to be marginally (unconditionally) associated with death.
a.   True
b.  False
 
Answer: You can trace a path of association from surgery to history of heart disease to death.
 
3.      Given this causal DAG, the flow of the association between red meat intake and gastric cancer risk will be eliminated when we:
[image: ]
a.   condition on diet pattern
b.  condition on religion
c.   either of the above
d.  neither of the above
 
Answer: There is a path from red meat intake to diet pattern to religion and gastric cancer. You can block this path by conditioning on diet pattern or by conditioning on religion.

 


Lesson 1.5: Selection Bias
 
1.      Which of the following situations is expected to result in bias? (check all that apply)
a.      The existence of a shared cause of treatment and outcome
b.      The existence of a common effect of treatment and outcome.
c.       Conditioning on a common effect of treatment and outcome
d.      Conditioning on a shared cause of treatment and outcome
 
Answer: The existence of a shared cause of treatment and outcome describes the structure of confounding (see the video for 4. Confounding for more information). Conditioning on a common effect of treatment and outcome (i.e. a collider) describes the structure of selection bias.
 
2.      We can induce selection bias by conditioning on the downstream consequence of a collider.
a.      True
b.      False
 
Answer: Conditioning on the downstream consequence of a collider is similar to conditioning on the collider itself. As such, this will introduce selection bias (see the video for 5. Selection Bias at 8:57 for more information).

 


Lesson 1.6: D-separation
 
1.      Increasing the sample size could help us eliminate chance associations, but structural associations would still remain.
a.      True
b.      False

Answer: Chance associations become smaller with increased sample size. In contrast, structural associations remain with increased sample size. 

2.      In which of the causal DAGs below are variables smoking and lung cancer d-separated?
a.     [image: ]
b.     [image: ]
c.      [image: ]
d.     [image: ]
 
Answer: In DAG (c), smoking and lung cancer are d-separated because there is a collider, hospitalization. In DAG (a), they are not d-separated because there is a path from smoking to DNA damage to lung cancer. In DAG (b), we are conditioning on a collider, hospitalization, which opens up the path from smoking to hospitalization to lung cancer. In DAG (d), we are conditioning on a variable that is downstream of a collider, which also opens up the path from smoking to hospitalization to lung cancer.
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