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Estimating Treatment Effects Review

ATE = Avgn[Y
1 − Y 0]

ATEest = Avgn[Y
1|D = 1]− Avgn[Y

0|D = 0]

When (Y 1,Y 0) ⊥̸⊥ D:

ATEest = ATE + {Avgn[Y 0|D = 1]− Avgn[Y
0|D = 0]}︸ ︷︷ ︸

Selection Bias

+ (1− π)(ATT − ATU)︸ ︷︷ ︸
Heterogeneous Treatment Effect Bias

Randomize?
ATEest = β0 + β1D + β2X1 + β3X2 + ...βkXk−1 + ε



Regression w/ Matching

Can we improve the likelihood that estimating the ATE with
non-random assignment returns causal estimates?

Propensity Score Matching
▶ Intuition: control units that more closely resemble treatment units on

observables will also more closely resemble treatment units on
unobservables.
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Quasi-Experimental Research Design - Propensity Score Matching

PSM Steps:

1. Select covariates
- Match on characteristics related to treatment status.

2. Specify regression model for matching
- Predict probability of treatment.
- Assign a “propensity score” to each control unit.

3. Select a matching method (several options).
4. Create matches.
5. Compare balance.

- How similar are observables between the treatment and matched
controls?

6. Estimate the ATE.
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Matching Methods

1. Nearest neighbor matching

▶ Sequentially move through the sample of treated units matching each
unit with the closest control unit.

▶ “Closest” is determined by the propensity score.
- Starting point?
- Replacement?
- Caliper adjustment?

▶ Downsides:
- Lots of (ad hoc) decision making required.
- Discard unmatched control units.
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Matching Methods

2. Inverse probability weighting

▶ Instead of matching units from the treatment and control groups, IPW
re-weights the control group to more closely resemble the treatment
group.

▶ Use propensity scores as regression weights.

▶ Control units with a high probability of treatment get larger weights
and units with a low probability of treatment get smaller weights.

Remember: regardless of matching technique, PSM assumes that
matching on observables removes confounding from unobservables.
We have no definitive way to test this assumption.
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Balance Test: Shau et al. (2018) - Medicaid is Associated with
Increased Readmission and Resource Utilization after Primary Total
Knee Arthroplasty


