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Background 

There has been much scholarly debate regarding the respective advantages and disadvantages 
of complete randomization, stratification, and pair-matching in group- or cluster-randomized 
experiments. Matching can increase power by reducing study population heterogeneity and can 
guarantee balance on selected confounders by matching on them. However, matching decreases 
the degrees of freedom (df) and may lead to a loss of statistical power when matching is not 
effective (i.e., when the outcomes and the matching variables are poorly correlated).  

Potential limitations of pair-matching 

Diehr et al. [1] showed that matching may lead to some loss of power when the number of pairs 
is between three and nine, and recommended breaking the matches in statistical analyses to gain 
power. Donner et al. [2,3] cautioned that even though unmatched analysis for a pair-matched 
design is unbiased for the estimation of the intervention effect, it is biased for the estimation of 
the effects for other individual-level risk factors. They also pointed out that the pair-matching 
design makes the applications of generalized estimation equations or mixed-effects models no 
longer routine and further complicates statistical analyses. Moreover, with a pair-matching 
design, if one cluster is lost to follow-up, then the matched cluster is no longer useful and must 
be discarded. Due to these limitations, Donner et al. suggested that pair-matching designs should 
be used with caution. 

Potential benefits of pair-matching 

In direct contrast, Imai et al. [4] strongly advocated for the use of pair-matching in cluster-
randomized experiments, suggesting that:  
 

“…from the perspective of bias, efficiency, power, robustness or research costs, 
and in large or small samples, pairing should be used in cluster-randomized 
experiments whenever feasible; failing to do so is equivalent to discarding a 
considerable fraction of one’s data.” 
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They proposed a simple design-based estimator and model-based approach which, according to 
the authors, offer unbiased, efficient, and robust inference from pair-matched cluster-
randomized experiments.   

Recommendations 

Imbens [5] conducted a study for the International Initiative for Impact Evaluation (3ie) that 
examined the arguments from both sides. He concluded that in terms of precision of estimation, 
pair-matching is superior to stratification (more than two units/clusters in each stratum), which 
is then superior to complete randomization. At the same time, he acknowledged that the 
“statistical limitations” associated with pair-matching as pointed out by Donner [3] and Klar [6] 
are real. Thus, he concluded that  
 

“The overall recommendation, irrespective of the sample size and correlation 
between covariates and outcomes, is to use stratified randomization with 
relatively many and relatively small strata (to capture as much as possible of the 
precision gain from stratification), rather than either complete randomization or 
paired randomization (which would capture all of the potential gain in precision, 
but at the price of the analytical complications).”   

 
Imbens also suggests that “It is particularly helpful to stratify or pair based on cluster size if (i) 
cluster size varies substantially, (ii) interest is in average effects for the entire population and (iii) 
cluster size is potentially correlated with the average effect of the intervention by cluster.” [5] 

Next steps 

Imbens’ recommendation introduces a number of possible ambiguities: What exactly does 
“relatively many and relatively small strata” mean? How many is “many” for a cluster-randomized 
experiment with 20 clusters and 100 subjects per cluster? Where stratum-specific effects are of 
interest, it may be necessary to have a larger number of clusters per stratum; where the 
stratification factors are essentially nuisance variables, it may be possible to create strata with 
four clusters each, thereby maximizing the number of strata and the gain in efficiency. At the 
same time, there is likely a tradeoff between having more strata to gain efficiency and having 
fewer strata to achieve a valid estimate of the within-stratum variation.   

We propose that a comprehensive simulation study is needed to confirm the recommendations 
offered by Imbens and also to provide specific guidelines on design selection. A number of 
important design factors should be considered for the simulation study, including (but not limited 
to) number of clusters, cluster sizes, number of covariates that need to be matched or stratified 
on, and their correlations with the outcome. Such a comprehensive simulation study will help 
quantify the potential gain in precision with a pair-matched design or a stratified randomization 
design with varying numbers of strata to aid in design selection.  
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