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Discussion on the paper by Keiding and Louis

Miguel A. Hernán (Harvard University, Boston)
Keiding and Louis wisely appeal for statisticians and other investigators to join forces. Together they can
better address the methodologic problems that are raised by the selection of individuals in surveys, epidemi-
ological studies and other research endeavours involving human subjects. A sensible first step to combine the
knowledge accumulated by different disciplines is to develop a common framework for the study of selection
biases. Here, besides a vote of thanks to Keiding and Louis, I also propose an outline for that framework.

Fig. 1 shows three levels of selection in human studies:

(a) from humankind to target population,
(b) from target population to target sample and
(c) from target sample to actual sample.

The first two levels are under the investigators’ control: investigators decide their targets. The third level is
not: whether and when individuals participate in human studies is influenced by their own decisions and
by other factors. Considering each selection level separately helps to categorize disagreements between
investigators and to determine which disagreements are statistical.

First, the selection of the target population is determined by the (scientific, policy) question at hand.
Investigators use their expert knowledge to specify both the parameter of interest and the eligibility criteria
that characterize the target population. For example, they may want to describe the mean time to pregnancy
among nulliparous women who tried to conceive in Denmark between 2000 and 2010. At this selection
level, there may be subject matter disagreements about the relevance of the target population, but there is
no selection bias.

Second, the selection of the target sample is guided by the principle that the parameter estimate should be
unbiased for the parameter in the target population. No bias is expected under random sampling from the
target population, but random sampling is often impractical. Thus investigators use their expert knowledge
to define a non-random sampling procedure that, they believe, will result in no bias, i.e. no bias is expected
by the investigators under non-random sampling (otherwise they would have chosen a different sampling
procedure). In our example, if the target sample is nulliparous women who tried to conceive in Denmark
between 2000 and 2010 and who had Internet access, the investigators are assuming that the average time
to pregnancy is approximately equal among women with and without Internet access. As Keiding and
Louis illustrate, disagreements about the sampling procedure lead to claims of selection bias, but again the
discussion typically revolves around subject matter, not statistical, issues.
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Fig. 1. Framework for selection in human studies

Third, the actual sample may differ from the target sample because of a number of selection processes
that were not intended by the investigators. For example, younger women may be more likely to answer
a questionnaire. If age affects the probability of conception, the average time to pregnancy in the actual
sample differs from the time that would have been observed in the target sample. Because the difference is
partly due to systematic differences between older and younger women, we say that there is selection bias.
At this level of selection we may find disagreements about

(a) the characterization of the factors that, like age in our example, cause bias and
(b) the optimal procedure to adjust for those factors.

Disagreements of type (a) result from variations in expert knowledge and beliefs among investigators.
These are again subject matter, not statistical, disagreements. Disagreements of type (b) can be genuinely
labelled as statistical.

The conceptual framework that is depicted in Fig. 1 may facilitate the interdisciplinary conversations
about selection bias that Keiding and Louis encourage. Take the concepts of generalizability and trans-
portability, which are sometimes used to denote lack of selection bias. One possible interpretation of
generalizability is an unbiased parameter estimate in the actual sample for the parameter in the target
population; one possible interpretation of transportability is an unbiased parameter estimate in the actual
sample for the parameter in another target population.

This discussion has focused on studies with a descriptive aim: estimation of a functional of the distri-
bution of some variable(s) in a target population, e.g. the mean time to pregnancy. In descriptive studies,
selection bias is a synonym for lack of external validity. Keiding and Louis consider also studies with a
causal aim: estimation of the comparative effect of different courses of action on the distribution of some
variable(s) in a target population, e.g. the effect of cigarette smoking on the mean time to pregnancy. In
comparative studies, selection bias may mean either lack of external validity or lack of internal validity,
and it may arise even when defining the target population (if a collider is incorrectly used as an eligibility
criterion).

As Keiding and Louis vehemently argue, it is time to overcome the barriers that have traditionally
impeded a cross-disciplinary understanding of selection bias. A framework that explicitly references the
level of selection and the aims of the study weakens those barriers. I propose a vote of thanks to Keiding
and Louis.

Peter V. Miller (US Census Bureau, Washington DC) © US Government
I am grateful for the opportunity to comment on this interesting and important paper. In it, Professor
Keiding and Professor Louis provide a thoughtful discussion of the problem of generalization, or external
validity, in epidemiology and in survey research. They urge cross-fertilization of methods that are employed
in each field to address this common inferential issue. I support their call for interdisciplinary research.
At the same time, I want to call attention to issues that need to be addressed in such interdisciplinary
collaboration.


