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Notation

• Nt : the number of treated units.

• Nc : the number of controlled units.

• I′c = {Nt + 1, · · · ,Nt + Nc}
• Choose a subset Ic ⊂ I′c

• Mc
1 :=

{
j ∈ I′c : d(X1,Xj) = min

j ′∈I′c
d(X1,X

′
j )

}
• Mc

i :={
j ∈ I′c − ∪i−1

i ′=1M
c
i ′ : d(X1,Xj) = min

j∈I′c−∪i−1
i′=1M

c
i′

d(X1,X
′
j )

}
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The choice of distance metric d

• Mahalanobis Metric

dM(x , x ′) = (x − x ′)⊤Σ̂−1(x − x ′)

where Σ̂ = Nc ·Σ̂c+Nt ·Σ̂t
Nc+Nt

• e(x) : propensity score

• Linearized propensity score

dℓ(x , x ′) = (ℓ(x)− ℓ(x ′))2

where ℓ(x) = log
e(x)

1 − e(x)
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Rejecting and Caliper Matching

• Rejecting Matching

- In some cases, even the closest match may not be close
enough.

- Drop treated units if

|ℓ(xi )− ℓ(xmi )| > dmax

• Caliper Matching

- Assign to treated unit i = 1 all control units j ∈ I′c such that

d(X1,Xj) ≤ dcal
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Equal Percentage Bias Reduction (EPBR)

• Xt ∼ N(µt ,Σ)

• Xc ∼ N(µc ,Σ)

• E[Yi (0)|Xi = xi ] = x⊤
i β ∀i

• µM
c : mean of control groups after matching.

• τsp,t = E[Yi (1)− Yi (0)|Wi = 1]

The expected bias of τ̂diff in observed data is

E[Ȳ obs
t − Ȳ obs

c︸ ︷︷ ︸
τ̂diff

−τsp,t ] = (µt − µc)
⊤β (1)

Definition
Matching method is called equal percentage bias reducing
(EPBR) if ∃cM with 0 < cM < 1 such that
(µt − µM

c )β = cM(µt − µc)β ∀β.
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• The only EPBR matching methods improves the bias for every
linear predictor.

• Both propensity score and Mahalanobis matching methods are
epbr.

• Propensity score Matching

- scalar matching, small samples, non-robust to model
misspecification(parametric).

• Mahalanobis matching

- vector matching, large samples, robust to model
misspecification(nonparametric).

Model-Based Inference for Completely Randomized Experiments 9


	Setup
	Theoretical Property of Matching Method

