Lesson 4.2: Definition of Measurement Error
 
1.      Measurement error occurs when, for some individuals, a variable’s measured value is not equal to its true value.
a.      True
b.      False
 
Answer: When variables are measured with error, this is referred to as measurement error. 

2.      A binary variable with a true value of 0 for a certain individual is misclassified if its measured value is 1.
a.      True
b.      False

Answer: Since the variable’s measured value is not equal to the true value, then there is measurement error, which is also known as misclassification for discrete variables. 

3.      Measurement error may result in an incorrect estimate of the causal effect of treatment on outcome.
a.      True
b.      False
 
Answer: In the presence of measurement error, there is no guarantee that the measure of association between the mismeasured treatment and mismeasured outcome will equal the measure of causal effect of the actual treatment on the actual outcome. This is known as measurement bias or information bias. 

Use the DAG below to answer the following questions. (A=true treatment, Y=true outcome, A*=measured treatment, Y*=measured outcome, UA=determinants of A*, UY=determinants of Y*)
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4.      UA and UY are not associated
a.      True
b.      False
 
Answer: There is no path from UA to UY because A* and Y* are colliders on any path between those two variables.
 
5.      A* is independent of Y*
a.      True
b.      False
 
Answer: A* and Y* are associated because of the path from A* to L to Y*. There is also a path from A* to A to Y to Y*.
 
6.      The association between A* and Y* is a biased estimate of the causal effect of A on Y
a.      True
b.      False

Answer: The association between A* and Y* does not represent the causal effect of A on Y due to measurement bias or information bias. 


Lesson 4.3: Classification of Measurement Error
 
1.      Independent errors are necessarily differential
a.      True
b.      False
 
Answer: Independent errors may be differential or non-differential.

2. Dependent errors are necessarily differential
a.      True
b.      False

Answer: Dependent errors may be differential or non-differential.
 
3.      Consider a follow-up study of exercise and dementia in which healthy participants were asked at baseline about their exercise levels. They were then followed for 10 years to identify cases of dementia by doctors. If the causal DAG below depicts this situation, what type of measurement error is expected?
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a.      independent nondifferential measurement error
b.      dependent nondifferential measurement error
c.       independent differential measurement error
d.      dependent differential measurement error
 
Answer: The measurement error is independent because you cannot trace a path from measurement error for exercise to misclassification for dementia (note that self reported exercise and doctor diagnosed dementia act as colliders on this pathway). It is non-differential because measurement error for exercise is not affected by the outcome (dementia) and misclassification for dementia is not affected by the exposure (exercise).

 







4.      Consider an observational study to evaluate the effect of folic acid during the first trimester of pregnancy on the risk of birth defects. Folic acid during the first trimester of pregnancy was ascertained by asking the mothers within 6 months of delivery, and information on birth defects was ascertained by reviewing their medical records. Mothers of children with birth defects were more likely to over-report use of folic acid during the first trimester compared with those of healthy children.
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What type of measurement error is present in the estimated effect of folate intake during pregnancy on the risk of birth defects?
a.      independent nondifferential measurement error
b.      dependent nondifferential measurement error
c.       independent differential measurement error
d.      dependent differential measurement error
 
Answer:  This is independent because measurement error for birth defects and measurement error for folic acid are independent – you cannot trace a path between these two variables since mismeasured birth defects acts as a collider. This is differential because the outcome, birth defects, affects the measurement of the exposure – you can trace a path from birth defects to measurement error for folic acid to mismeasured folic acid.
 


Lesson 4.4: Measurement Bias Control
 
1.      Independent nondifferential error is the only type of measurement error that does not create bias under the null.
a.      True
b.      False
 
Answer: Independent nondifferential error only creates bias if there is a non-null effect of the exposure on the outcome. All other types of measurement error will create bias, even under the null.
 
Please use the DAG below to answer the following questions.
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2.      Measurement error for C (UC) and Y are d-separated.
a.      True
b.      False
 
Answer:  There is no unblocked path from UC to Y, because both C* and A* act as colliders.
 
3.      There is information bias for the effect of A on Y.
a.      True
b.      False
 
Answer: There is measurement error in both A and Y. Even if other sources of biases are accounted for, the association between A* and Y* will be a biased estimate of the effect of A on Y.
 
4.      When using the association between A* and Y* to estimate the effect of A on Y, there is both confounding and information bias.
a.      True
b.      False
 
Answer: Confounding arises from the backdoor path from A* to A to C to Y to Y*. Information bias arises because we are estimating the association using A* and Y*, rather than the true treatment, A, and the true outcome, Y.

 
5.      Statistical models and validation samples can be used to correct measurement error.
a.      True
b.      False

Answer: See 0:48 in the video for Lesson 4.4 (Measurement Bias Control) for more information.
 
6.      We can adequately choose methods of measurement error correction without considering the structure of the measurement error.
a.      True
b.      False
 
Answer: The choice of the method for measurement bias correction will generally depend on the structure of the measurement error.

 


Lesson 4.6: Naming the Bias
 
1.      Adjusting for a variable is justified when the adjustment changes the estimate of the effect of treatment on outcome.
a.      True
b.      False
 
Answer: If there is a change in the estimate of the effect of treatment on outcome after adjustment, this could have arisen from conditioning on a common cause of treatment and outcome (thereby eliminating bias due to confounding) or from conditioning on a common effect of treatment and outcome (thereby introducing selection bias). Therefore, assessing the change in estimate is not justified for deciding which variables to adjust for. The structural relationship of these variables needs to be assessed using a DAG.
 
2.      In which of the following situations will conditioning on the variable L introduce bias for the effect of treatment A on outcome Y?
a.     [image: ]
b.     [image: ]
c.      [image: ]
d.     [image: ]
 
Answer:  In DAGs (a), (c) and (d), the variable L is situated along an open non-causal path from A to Y. In these situations, conditioning on the variable L will block these biasing paths. In DAG (b), L is a collider (i.e. common effect of A and U). In this situation, conditioning on the variable L will open the path from A to L to U to Y.
 

 


Lesson 4.7: Why Causal Inference is Hard
 
1.      Drawing a causal DAG can eliminate bias due to confounding.
a.      True
b.      False
 
Answer: A causal DAG helps to identify structural relationships between variables that may cause biases due to confounding. However, a DAG in it of itself does not eliminate the bias – features of the study designs (e.g. randomization, matching) or analytical methods (e.g. stratification, weighting) can eliminate the bias due to confounding.
 
2.      Drawing a causal DAG can improve precision.
a.      True
b.      False
 
Answer: Precision is related to the statistical methods used and the sample size of the study. A causal DAG will not be able to improve the precision of a study.
 
3.      Drawing a causal DAG can improve external validity.
a.      True
b.      False
 
Answer: External validity is the extent to which the conclusions of a study can be applied to a context outside of the study. A causal DAG helps to represent threats to internal validity of a study.
 
4.      A causal DAG can represent sources of bias.
a.      True
b.      False
 
Answer: A causal DAG can represent sources of bias – these include confounding, selection bias and information bias.
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