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Abstract Mean-preserving and covariance preserving matchings are introduced that
can be obtained with conditional, randomized matching on sub-populations of a large
control group. Under moment conditions it is shown that these matchings are, respec-
tively, equal percent bias reducing (EPBR) and variance proportionate modifying (PM)
for linear functions of the covariates and their standardizations. The results provide
additional insight into and theory for EPBR and PM properties and confirm empirical
and simulation findings that matchings can have the EPBR and PM properties also
when the covariates are not exchangeable, or the treatment means are not equal.
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1 Introduction

In an observational (non-randomized) study with the objective evaluation of a treat-
ment’s effect, the use of random samples from the treated and control populations
may cause estimation bias. Matched sampling on covariates is a popular technique for
controlling the bias. It all started with “discriminant matching” (Cochran and Rubin
1973; Rubin 1970, 1973a,b) that evolved into propensity matching used in causal
inference (Rosenbaum and Rubin 1983, 1984, 1985). Related theory with applica-
tions and extensions for matching and causal inference for two or more treatments are
presented, among others, in Rubin and Thomas (1992, 1996), Joffe and Rosenbaum
(1999), Imbens (2000), Imai and Van Dyk (2004) and Rubin and Stuart (2006). Stuart
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