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16 Chapter 2

Intervention (D = 1)

E[Y | D = 1] – E[Y | D = 0] ≠ E[Y (1) – Y (0)]

No intervention (D = 0)

Figure 2.7
Incomparable treatment and control groups

Indeed, the difference in average outcomes across groups generally only corresponds to
the ATE if the following conditions are met. First, the average outcome (e.g., average pur-
chases) in the treatment group (receiving the loyalty card) is representative of the potential
purchases that would on average have occurred in the entire population if everyone had
received a loyalty card. Second, the average purchases in the control group (not receiving
the loyalty card) are representative of the potential purchases that would on average have
occurred in the entire population if nobody had received a loyalty card. These conditions
rule out that any background characteristics U (like buying intent) affecting the purchases
outcome are on average different across the treatment group, the control group, or the entire
population (which consists of both the treatment and control groups). To sum up, treatment
and control groups must be representative of the whole population in terms of U (or at least
average values of U) to satisfy equation (2.6) and rule out selection bias, as illustrated in
figure 2.6.
Conversely, if this condition is not met, then U affects both D and Y , leading to selection

bias. In this case, we should refer to figure 2.4 and equation (2.5) instead of figure 2.6
and equation (2.6), which means that we cannot confidently infer causality from average
outcome differences. Unfortunately, we cannot directly observe the existence andmagnitude
of selection bias in the data, just like we cannot directly observe causal effects. The reason
for this is that we cannot observe the average potential outcomes in the whole population,
E[Y (1)] and E[Y (0)], as we only know either Y (1) or Y (0) for any individual. Therefore,
we cannot verify whether equation (2.6) is true, which would imply comparing apples to
apples (meaning that the treatment and control groups are representative of each other and
the entire population). Therefore, it is typically difficult to ascertain whether and to what
extent selection bias affects a given dataset.
In general, we would suspect selection bias to be an issue in most data that we observe,

because people tend to act in a strategic way based on their personal characteristics. For
instance, in our example of the loyalty card, it seems probable that individuals with a
stronger inclination to buy would more often opt for the card, while those with lower buying−1
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