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Figure 4.4
Pair matching based on age

and control groups that are similar in terms of observed characteristics. We can then com-
pare the average outcomes, such as productivity, across the matched groups to evaluate the
impact of the intervention. Applying pair matching to all employees in the sample yields
the average treatment effect (ATE), as shown in equation (2.2) in chapter 2. However, if we
apply pair matching to only the trained employees, we obtain the average treatment effect
on the treated (ATET), as shown in equation (2.3).
Looking at figure 4.4, we can see a visual representation of how pair matching works.

Imagine we want to find the best match for an employee who received the training inter-
vention (D= 1) among employees who did not receive the training (D= 0), with the goal
of finding the most similar match in terms of age, which we will assume for simplicity is
the only observed covariate X . We can then take the average difference in performance out-
comes between the trained employees and their matched, untrained counterparts to estimate
the ATET—in other words, the average effect of the training intervention among those who
actually received it. Of course, in reality, we want to find matches that are comparable across
multiple covariates, such as age, education, and work experience. To accomplish this, we
use specific metrics like the so-called Mahalanobis distance, which allows us to assess how
similar or different two potential matches are across multiple characteristics, in order to find
matches that closely resemble the treatment group in all relevant aspects. This process is
depicted in figure 4.5, where figures in the treatment and control groups sharing the same
color and size possess comparable values across multiple covariates and are matched, as
indicated by the connecting lines.
In addition to pair matching, there are several other matching methods with their own

strengths and weaknesses. One such approach is one-to-many or 1:M matching, where for
each reference observation—for example, a subject receiving the intervention, we find mul-
tiple (rather than just one) matches in the control group that are similar in terms of covariates
X . Figure 4.6 illustrates this approach for a single covariate X (like age) whenM = 2—that
is, when the two closest observations in the control group are matched to a reference obser-
vation receiving the intervention. Also in this case, we compare the average outcomes of
the matched treatment and control groups to assess the causal effect of the intervention.
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