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Text S1: Sample covariance between individual- and group-level social capital variables 

in models 1, 2a, and 3a 

Unlike the cluster-mean centering procedure (model 2a), the self-exclusion procedure (model 

3a) cannot completely evade the collinearity problem encountered in model 1. Below, we 

compare the sample covariance between individual- and group-level social capital variables in 

models 1, 2a, and 3a. Symbols are as defined in the main text. In addition, we define the total 

number of individuals as N and the number of groups as J. Therefore, the mean of 

individual-level social capital score for all individuals is ij j j

ij j

x x N n x N   . 

 In model 1 (self-included model without cluster-mean centering), the sample 

covariance between individual-level social capital ( ijx ) and group-level social capital ( jx ) is 

calculated as follows: 
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which is a Weighted Between Clusters Variance. Note that this equation describes the variance 

of the within-cluster means. 
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 In model 2a (self-included model with cluster-mean centering), since the mean of 

cluster-mean centered individual-level social capital ( ij jx x ) is 0, the sample covariance 

between cluster-mean centered individual-level social capital ( ij jx x ) and group-level social 

capital ( jx ) is  
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Thus, as noted previously [1,2], in this model, individual-level social capital variable is 

orthogonal to its group-level counterpart. 

 In model 3a (self-excluded model without cluster-mean centering), the sample 

covariance between individual-level social capital ( ijx ) and self-excluded group-level social 

capital ( \j ix ) is calculated as 
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2 1wj ij j j

i

S x x n    and 2 2

w wj

j

S S J . The former is a Within Cluster 

Variance, and the latter is the mean of Within Cluster Variances. Although the self-exclusion 

procedure (model 3a) can possibly mitigate part of the collinearity problem encountered in 

model 1, it does not offer a robust solution like model 2a. If cluster size is unvarying, the 

sample covariance between individual-level social capital ( ijx ) and self-excluded group-level 
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social capital ( \j ix ) is calculated as follows: 
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which describes the variance of the within-cluster means ( 2

BS ) minus the mean of 

within-cluster variances divided by cluster size ( 2

wS n ). When the group-level random effect 

of the intercept is zero, 2

BS  is approximately consistent and equal to 2

wS n , implying that 

Smodel 3a is also zero. By contrast, when the group-level random effect of the intercept is 

non-zero, 2

BS  increases while 2

wS n  does not change. Thus, Smodel 3a is expected to increase 

as the group-level random effect of the intercept increases. 
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