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❖ Mediation analyses often represent a cornerstone in the 

development of scientific theories because they investigate the 

underlying theory of action (Kelcey & Shen, 2020). 

❖ A key consideration in designing mediation studies in cluster-

randomized trials is to identify the sample sizes that provide a 

sufficient level of power for detecting mediation effects while 

efficiently using resources (Cox & Kelcey, 2019; Kelcey & Shen, 

2020). 

❖ The conventional optimal design framework has been developed 

for main and mediation effects for multilevel experiments (e.g., 

Raudenbush, 1997). However, it has assumed equal sampling costs 

between treatment conditions and constrained design with 

balanced ones (i.e., equal number of groups in each condition).

❖ Recent literature has developed a flexible optimal design 

framework for main treatment effects in multilevel experiments 

(Shen & Kelcey, 2020, in press a, in press b).

❖ The purpose of this study is to extend this flexible optimal 

sampling framework to cluster-randomized trials targeting 

mediation effects with cluster-level mediators. 

Introduction

❖ Sobel Test
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. Power is calculated in a 

standard normal distribution of 𝑍𝑎𝑏.

❖ n: number of individuals per group;

❖ J: total number of groups;

❖ p: proportion of groups in the treatment condition;

❖ 𝜌: intraclass correlation coefficient;

❖ b: correlation between the mediator and the outcome.

❖ Joint Significance Test

❖ Power(ab) = power(a)×power(b).

❖ Cost Function

❖𝑚 = (𝑛𝑐1
𝑇 + 𝑐2

𝑇)𝑝𝐽 + (𝑛𝑐1 + 𝑐2) 1 − 𝑝 𝐽 with subscripts T
denote costs in the treatment condition.

❖ 𝐽 =
𝑚

𝑝(𝑛𝑐1
𝑇+𝑐2

𝑇)+ 1−𝑝 (𝑛𝑐1+𝑐2)
.

❖ Then plug 𝐽 in statistical power for optimization.

❖ Optimization Method

❖ Sobel test: Minimize the variance of a mediation effect.

❖ Joint significance test: Using ant colony optimization (ACO; 

Socha & Dorigo, 2008) to identify the optimal sample 

allocation.

Methods

Optimal Sample Allocation

Joint Significance Test (y-axis is power)
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❖ Sample allocation is the sample sizes (to be) allocated at different 

levels and treatment conditions in (group-randomized) 

experiments. 

❖ Optimal sample allocation is the sample allocation that achieves 

the maximum statistical power under a fixed budget, or uses the 

minimum resources to gain adequate statistical power.

❖ Why optimal sample allocation? It can be used to improve design 

efficiency and/or statistical precision.

❖ More power, smaller effect sizes under a fixed budget. 

❖ Less budget to achieve a fixed statistical power.

Note: dashed vertical lines are identified optimal sample allocation. 
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❖ An Example

❖ Effect size: 𝑎= .50, 𝑏= .30

❖ ICC: 𝜌 = 0.20

❖ Costs: 𝑐1 = 𝑐1
𝑇 = $20, 𝑐2 = $500, 𝑐2

𝑇 = $5,000.

Illustration

Sobel Test (y-axis is 𝝈𝒂𝒃
𝟐 )

❖ The methods are implemented in the R package odr (Shen & 

Kelcey, 2021). They can also help identify constrained optimal 

sample allocation (e.g., with a constraint of 𝑛 = 20).

❖ The conventional framework is a special case (with 𝑝 = 0.50).

Conclusion


